
 
Environmental Assessment of Chevron’s Offshore 

Labrador Seismic Program, 2010-2017  
 

 
 

Prepared by 
 

 
 
 
 
 
 

for 

 
 
 

 
 
 
 

March 2010 
Project No. SA1031 

  



  



  

 
Environmental Assessment of Chevron’s Offshore 

Labrador Seismic Program, 2010-2017 
 
 
 
 

Prepared by 
 
 

LGL Limited, environmental research associates 
P.O. Box 13248, Stn. A 

St. John’s, NL  A1B 4A5 
Tel: 709-754-1992  

rbuchanan@lgl.com 

 
 

in association with 
 
 

Oceans Limited  
65A LeMarchant Road 

St. John’s, NL  A1C 2G9 
Tel: 709-753-5788 

 
 

for 

 
 

Chevron Canada Resources 
500 – 5th Avenue S.W. 

Calgary, Alberta  T2P 0L7 

 
 
 

March 2010 
Project No. SA1031 



 

Suggested format for citation: 
 
LGL Limited. 2010.  Environmental assessment of Chevron’s offshore Labrador seismic program, 2010-2017.  LGL Rep. 

SA1031.  Rep. by LGL Limited in association with Oceans Ltd., St. John’s, NL, for Chevron Canada Resources, 
Calgary, AB.  248 p. + appendix. 

 

  



 

Table of Contents 
 Page 
 
1.0 Introduction......................................................................................................................................1 

1.1 Relevant Legislation and Regulatory Approvals .................................................................1 
1.1.1 Environmental Assessment Validation Process....................................................3 

1.2 The Proponent......................................................................................................................3 
1.3 Canada-Newfoundland and Labrador Benefits....................................................................4 
1.4 Contacts................................................................................................................................4 

2.0 Project Description...........................................................................................................................5 
2.1 Spatial and Temporal Boundaries........................................................................................5 
2.2 Project Overview .................................................................................................................5 

2.2.1 Objectives and Rationale ......................................................................................6 
2.2.2 Alternatives to the Project, Alternatives within the Project..................................6 
2.2.3 Project Scheduling ................................................................................................7 
2.2.4 Site Plans...............................................................................................................7 
2.2.5 Personnel...............................................................................................................7 
2.2.6 Seismic Vessel ......................................................................................................8 
2.2.7 Seismic Energy Source Parameters ......................................................................8 
2.2.8 Seismic Streamers.................................................................................................8 
2.2.9 Geohazard Vessel and Equipment ........................................................................8 
2.2.10 Geohazard Seismic Data .......................................................................................9 
2.2.11 Waste Management.............................................................................................11 
2.2.12 Air Emissions......................................................................................................11 
2.2.13 Accidental Events ...............................................................................................11 

2.3 Mitigation...........................................................................................................................11 
3.0 Physical Environment ....................................................................................................................12 

3.1 Bathymetry.........................................................................................................................12 
3.2 Geology..............................................................................................................................12 
3.3 Climatology........................................................................................................................12 
3.4 Physical Oceanography......................................................................................................14 

3.4.1 Currents in the Project Area................................................................................14 
3.4.2 Water Properties in the Project Area ..................................................................19 

3.5 Ice and Icebergs .................................................................................................................25 
3.5.1 Sea Ice.................................................................................................................25 
3.5.2 Icebergs ...............................................................................................................27 

4.0 Biological and Socio-economic Environments..............................................................................30 
4.1 Labrador Offshore Ecosystem ...........................................................................................30 
4.2 Fish and Fish Habitat .........................................................................................................30 

4.2.1 Fish Habitat.........................................................................................................30 
4.2.2 Macroinvertebrate and Finfish Reproduction in the Study Area ........................44 
4.2.3 DFO Research Vessel Survey Data ....................................................................44 

4.3 Commercial Fisheries ........................................................................................................46 
4.3.1 Data Sources .......................................................................................................47 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page i  



 

4.3.2 Overview.............................................................................................................48 
4.3.3 Historical Fisheries (Adjacent Unit Areas).........................................................48 
4.3.4 Study Area Commercial Fisheries 2006 to 2008 ................................................50 
4.3.5 Traditional and Aboriginal Fisheries ..................................................................67 
4.3.6 Recreational Fisheries.........................................................................................70 
4.3.7 Aquaculture.........................................................................................................70 

4.4 Seabirds and Migratory Birds ............................................................................................70 
4.4.1 Important Bird Areas for Seabirds......................................................................73 
4.4.2 Species Accounts ................................................................................................74 
4.4.3 Prey and Foraging...............................................................................................80 

4.5 Marine Mammals and Sea Turtles .....................................................................................83 
4.5.1 Marine Mammals ................................................................................................83 
4.5.2 Sea Turtles ..........................................................................................................94 

4.6 Species at Risk ...................................................................................................................95 
4.6.1 Profiles of SARA-listed and COSEWIC-considered Species..............................97 

4.7 Potentially Sensitive Areas ..............................................................................................111 
5.0 Effects Assessment ......................................................................................................................113 

5.1 Scoping ............................................................................................................................113 
5.2 Consultations....................................................................................................................113 

5.2.1 Issues and Concerns..........................................................................................114 
5.3 Valued Ecosystem Components ......................................................................................119 
5.4 Boundaries .......................................................................................................................120 

5.4.1 Temporal ...........................................................................................................120 
5.4.2 Project Area ......................................................................................................121 
5.4.3 Affected Area....................................................................................................121 
5.4.4 Study Area ........................................................................................................121 
5.4.5 Regional Area ...................................................................................................121 

5.5 Effects Assessment Procedures........................................................................................121 
5.5.1 Identification and Evaluation of Effects ...........................................................121 
5.5.2 Classifying Anticipated Environmental Effects................................................122 
5.5.3 Mitigation..........................................................................................................122 
5.5.4 Evaluation Criteria for Assessing Environmental Effects ................................122 
5.5.5 Cumulative Effects............................................................................................124 
5.5.6 Integrated Residual Environmental Effects ......................................................124 
5.5.7 Significance Rating...........................................................................................125 
5.5.8 Level of Confidence..........................................................................................125 
5.5.9 Determination of Whether Predicted Environmental Effects are Likely to 

Occur.................................................................................................................125 
5.5.10 Follow-up Monitoring.......................................................................................126 

5.6 Effects of the Environment on the Project.......................................................................126 
5.7 Effects of the Project on the Environment.......................................................................126 

5.7.1 Generic Activities - Air Quality........................................................................127 
5.7.2 Generic Activities - Marine Use .......................................................................127 
5.7.3 Generic Activities - Waste Handling ................................................................127 
5.7.4 Fish and Fish Habitat VEC ...............................................................................128 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page ii  



 

5.7.5 Commercial Fisheries VEC ..............................................................................147 
5.7.6 Marine Birds VEC ............................................................................................157 
5.7.7 Marine Mammals and Sea Turtles VEC ...........................................................164 
5.7.8 Effects of the Project on Species at Risk ..........................................................210 

5.8 Cumulative Effects...........................................................................................................215 
5.9 Mitigations and Follow-up...............................................................................................219 
5.10 Residual Effects of the Project.........................................................................................221 

6.0 Literature Cited ............................................................................................................................223 
6.1 Personal Communication .................................................................................................248 

Appendix 1.  Agencies and Groups Consulted (2009 and 2010)............................................................ A-1 
 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page iii  



 

List of Figures 
 Page 
 
Figure 1.1 Locations of EL 1109, the Project Area and corresponding Study Area for CCR’s 

potential seismic program(s) in 2010-2017. ........................................................................2 
Figure 3.1 Progressive vector diagrams for currents on Makkovik Bank...........................................16 
Figure 3.2 Histograms of current speed and direction from Makkovik Bank.....................................17 
Figure 3.3 Progressive vector diagrams from Hopedale Saddle. ........................................................18 
Figure 3.4 Histograms of current speed and direction from Hopedale Saddle. ..................................19 
Figure 3.5 Hydrographic contours of the Makkovik Bank and Seal Island transects. ........................20 
Figure 3.6 30-year frequency of presence of sea ice within the Study Area.......................................26 
Figure 3.7 30-year median of ice concentration within the Study Area..............................................27 
Figure 3.8 Iceberg sightings within coastal Labrador and the Project Area. ......................................28 
Figure 3.9 Iceberg sightings from 1974 to 2009 aggregated...............................................................28 
Figure 4.1 Study and Project Areas in relation to Regional Fisheries Management Areas. ...............47 
Figure 4.2 Study Area (main UAs) harvest, groundfish vs. invertebrate, 1988 - 2008.......................49 
Figure 4.3 Domestic harvesting locations, all species, all months, 2006............................................51 
Figure 4.4 Domestic harvesting locations, all species, all months, 2007............................................51 
Figure 4.5 Domestic harvesting locations, all species, all months, 2008............................................52 
Figure 4.6 Study Area quantity of harvest by month, 2006 - 2008.....................................................52 
Figure 4.7 Project Area quantity of harvest by month, 2006 - 2008...................................................53 
Figure 4.8 Domestic harvesting locations, all species, January, 2006-2008 aggregated. ...................53 
Figure 4.9 Domestic harvesting locations, all species, February, 2006-2008 aggregated. .................54 
Figure 4.10 Domestic harvesting locations, all species, March, 2006-2008 aggregated. .....................54 
Figure 4.11 Domestic harvesting locations, all species, April, 2006-2008 aggregated. .......................55 
Figure 4.12 Domestic harvesting locations, all species, May, 2006-2008 aggregated. ........................55 
Figure 4.13 Domestic harvesting locations, all species, June, 2006-2008 aggregated. ........................56 
Figure 4.14 Domestic harvesting locations, all species, July, 2006-2008 aggregated. .........................56 
Figure 4.15 Domestic harvesting locations, all species, August, 2006-2008 aggregated. ....................57 
Figure 4.16 Domestic harvesting locations, all species, September, 2006-2008 aggregated................57 
Figure 4.17 Domestic harvesting locations, all species, October, 2006-2008 aggregated....................58 
Figure 4.18 Domestic harvesting locations, all species, November, 2006-2008 aggregated................58 
Figure 4.19 Domestic harvesting locations, all species, December, 2006-2008 aggregated. ...............59 
Figure 4.20 Fixed gear harvesting locations, all species, 2006-2008 aggregated. ................................60 
Figure 4.21 Mobile gear harvesting locations, all species, 2006-2008 aggregated...............................61 
Figure 4.22 Northern shrimp domestic harvesting locations, 2006 – 2008 aggregated........................62 
Figure 4.23 Project Area quantity of harvest by month, 2006 – 2008 averaged...................................62 
Figure 4.24 Study Area quantity of harvest by month, 2006 – 2008 averaged.....................................63 
Figure 4.25 Snow crab domestic harvesting locations, 2006 – 2008 aggregated. ................................64 
Figure 4.26 Project Area quantity of harvest by month, 2006 – 2008 averaged...................................64 
Figure 4.27 Study Area quantity of harvest by month, 2006 – 2008 averaged.....................................65 
Figure 4.28 Greenland halibut domestic harvesting locations, 2006 – 2008 aggregated......................66 
Figure 4.29 Project Area Greenland halibut quantity of harvest by month, 2006 – 2008 

averaged. ............................................................................................................................67 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page iv  



 

Figure 4.30 Study Area Greenland halibut quantity of harvest by month, 2006 – 2008 
averaged. ............................................................................................................................67 

Figure 4.31 Important Bird Areas of the mid-Labrador coast...............................................................72 
Figure 4.32 Average of combined species (number of individuals/linear km) by 15'N x 30'W.  

Top Panel: January-March, Bottom Panel: April-June......................................................75 
Figure 4.33 Average of combined species (number of individuals/linear km) by 15'N x 30'W.  

Top Panel: July-September; Bottom Panel: October-December). .....................................76 
Figure 4.34 Cetacean sightings in the Study Area ................................................................................87 
Figure 4.35 Unidentified cetacean sightings in the Study Area ............................................................87 
Figure 4.36 Sightings of SARA-listed cetaceans and those considered by COSEWIC in the 

Study Area .........................................................................................................................98 
Figure 5.1 Ferry routes between communities in the Labrador waters and the ferry route from 

Labrador to Lewisporte in Newfoundland. ......................................................................217 
Figure 5.2 Shipping transportation to the Canadian Arctic through the Labrador Sea. ....................218 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page v  



 

List of Tables 
 Page 
 
Table 3.1 Currents on Makkovik Bank at Location 55°36.6’N; 57°46.7’W. ................................... 14 
Table 3.2 Currents on the continental slope outside Makkovik Bank. ............................................. 15 
Table 3.3 Currents in Hopedale Saddle. ........................................................................................... 15 
Table 3.4 Monthly temperature and salinity statistics for surface waters......................................... 21 
Table 3.5 Monthly temperature and salinity statistics for a depth of 50 m....................................... 22 
Table 3.6 Monthly temperature and salinity statistics for a depth of 100 m..................................... 23 
Table 3.7 Monthly temperature and salinity statistics for a depth of 500 m..................................... 24 
Table 3.8 Monthly temperature and salinity statistics for a depth of 1,000 m.................................. 25 
Table 3.9 Classifications of sea ice................................................................................................... 26 
Table 3.10 Iceberg size by month. ...................................................................................................... 29 
Table 4.1 Reproduction specifics of macroinvertebrate and fish species known or likely to 

reproduce within or near the Study Area. ......................................................................... 45 
Table 4.2 Study Area (main UAs) quantity of harvest by species, all months, 1988 vs. 2008......... 49 
Table 4.3 Study Area quantity of harvest by species, all months, 2006 to 2008. ............................. 50 
Table 4.4 Project Area quantity of harvest by species, all months, 2006 to 2008. ........................... 50 
Table 4.5 Study Area landings by gear type, all months, 2006 to 2008. .......................................... 60 
Table 4.6 Project Area landings by gear type, all months, 2006 to 2008. ........................................ 60 
Table 4.7 Monthly occurrence and abundance of seabirds on the mid Labrador coast. ................... 71 
Table 4.8 Breeding pairs of seabirds at Important Bird Areas.......................................................... 72 
Table 4.9 Important Birds Areas of the mid Labrador coast (52ºN to 57ºN). .................................. 73 
Table 4.10 Foraging strategy and prey of seabirds in the Study Area. ............................................... 81 
Table 4.11 Marine mammals known or expected to occur in the Labrador Shelf Study Area........... 83 
Table 4.12 Cetacean sightings that occurred within the offshore Labrador Study Area, dating 

from 1961 to 2007............................................................................................................. 88 
Table 4.13 Sea turtles potentially occurring in the Labrador Shelf Study Area. ................................ 94 
Table 4.14  SARA Schedule 1 and COSEWIC-listed marine species that potentially occur in 

the Study Area................................................................................................................... 96 
Table 5.1 Summary of issues and concerns raised during community meetings in Labrador, 

21-30 October 2009. ....................................................................................................... 115 
Table 5.2 Potential interactions of the Project activities and the Fish and Fish Habitat VEC........ 129 
Table 5.3 Assessment of effects on the Fish and Fish Habitat VEC. ............................................. 145 
Table 5.4 Significance of potential residual environmental effects of Project activities on the 

Fish and Fish Habitat VEC. ............................................................................................ 146 
Table 5.5 Potential interactions of Project activities and the Commercial Fisheries VEC............. 148 
Table 5.6 Assessment of effects on the Commercial Fisheries VEC.............................................. 152 
Table 5.7 Significance of potential residual environmental effects of Project activities on the 

Commercial Fisheries VEC. ........................................................................................... 154 
Table 5.8 Potential interactions between the Project and Seabird VEC. ........................................ 158 
Table 5.9 Assessment of effects on the Seabird VEC..................................................................... 160 
Table 5.10 Significance of potential residual environmental effects of the Project on the 

Seabird VEC. .................................................................................................................. 161 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page vi  



 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page vii  

Table 5.11 Potential interactions between the Project and the (1) Marine Mammal and (2) Sea 
Turtle VECs. ................................................................................................................... 199 

Table 5.12 Assessment of effects on the Marine Mammal VEC...................................................... 200 
Table 5.13 Significance of potential residual environmental effects of the proposed seismic 

program on the Marine Mammal VEC. .......................................................................... 202 
Table 5.14 Assessment of effects on the Sea Turtle VEC. ............................................................... 206 
Table 5.15 Significance of potential residual environmental effects of the proposed seismic 

program on the Sea Turtle VEC...................................................................................... 208 
Table 5.16 Potential interactions between the Project and Species At Risk VEC............................ 212 
Table 5.17 Assessment of effects on the Species at Risk VEC. ....................................................... 213 
Table 5.18 Significance of potential residual environmental effects of the proposed seismic 

program on the Species At Risk VEC............................................................................. 215 
Table 5.19 Summary of mitigations measures.................................................................................. 220 
Table 5.20 Significance of potential residual environmental effects of the proposed seismic 

program on VECs in the Study Area. ............................................................................. 222 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(This page intentionally left blank.) 

   



 

1.0 Introduction 
 
This document is a screening level environmental assessment (EA) as defined by the Canadian 
Environmental Assessment Act (CEAA) for a 2-D and 3-D seismic program (2010-2017) proposed for 
offshore Labrador by Chevron Canada Resources (CCR; the Proponent).  CCR proposes to conduct an 
initial 2-D seismic survey in 2010, or as soon as possible thereafter.  CCR may also conduct 3-D seismic 
surveys and geohazard surveys in 2011 to 2017.     
 
The temporal scope of the Project is an eight year period (2010 to 2017) with seismic operations 
occurring between July and November in any given year.  The present document focuses primarily on 
the proposed 2-D seismic program which is anticipated to occur first.  It is currently uncertain how many 
and in which years CCR will undertake seismic and geohazard surveys in offshore Labrador during 
2011 to 2017, as future surveys will depend on results of the initial surveys and other factors.  The 
geographic scope of the Project is the Project Area as shown in Figure 1.1.  The proposed operations in 
2010 (or shortly thereafter) will occur in and near Exploration Licenses (EL) 1109 (Figure 1.1).   
 

1.1 Relevant Legislation and Regulatory Approvals 
 
An Authorization to Conduct a Geophysical Program will be required from the Canada-Newfoundland 
and Labrador Offshore Petroleum Board (C-NLOPB).  The C-NLOPB is mandated by the 
Canada-Newfoundland Atlantic Accord Implementation Act and the Canada-Newfoundland and 
Labrador Atlantic Accord Implementation Newfoundland and Labrador Act.  Offshore geophysical 
surveys (including geohazard surveys) on federal lands are subject to screening under the CEAA.  In 
addition, the CEAA specifies that a marine seismic survey with an output level of 275.79 kPa at a 
distance of one metre from the seismic energy source (i.e., ~228.69 dB/1 μPa@1 m) requires an EA.  
The seismic survey activities described as part of the Project typically exceed the defined threshold level 
(if considering instantaneous levels). The C-NLOPB is the lead Responsible Authority (RA) for the EA 
and acts as the federal environmental assessment coordinator or FEAC.  Because seismic survey 
activities have the potential to affect seabirds, marine mammals, sea turtles, and fish and fisheries, 
Fisheries and Oceans Canada (DFO) and Environment Canada are the agencies that have most 
involvement in the EA process.  Legislation that is relevant to the environmental aspects of the Project 
includes: 
 

 Canada-Newfoundland Atlantic Accord Implementation Act 
 Canada-Newfoundland and Labrador Atlantic Accord Implementation Newfoundland and 

Labrador Act 
 Canadian Environmental Assessment Act 
 Oceans Act 
 Fisheries Act 
 Navigable Waters Act 
 Canada Shipping Act 
 Migratory Birds Convention Act 
 Species at Risk Act 
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Figure 1.1 Locations of EL 1109, the Project Area and corresponding Study Area for CCR’s 
potential seismic program(s) in 2010 to 2017. 

 
One of the specific guidelines issued by the C-NLOPB, the Geophysical, Geological, Environmental 
and Geotechnical Program Guidelines (May 2008), is directly relevant to this undertaking.  It outlines 
mitigation and monitoring requirements for marine mammals and sea turtles for the program.  The 
Project will also follow DFO’s Statement of Canadian Practice with Respect to the Mitigation of 
Seismic Sound in the Marine Environment. 
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1.1.1 Environmental Assessment Validation Process 
 
The issuance of a geophysical/geotechnical work authorization under the Atlantic Accord 
Implementation Act requires a screening level EA pursuant to the CEAA. 
 
The seismic and geohazard survey activities described in this EA may be undertaken at various times 
over the coming eight years. This EA has been developed taking into account the expected period of 
time during which these project activities will occur. 
 
Authorizations issued under the Atlantic Accord Implementation Act for the kinds of activities described 
in this assessment may be valid for one to five years at the discretion of the C-NLOPB. Therefore, 
notwithstanding the fact that this EA has been written to cover a period of eight years based on the best 
available knowledge at this time, CCR recognizes that should any authorizations need to be renewed 
during that time period that there will be a regulatory requirement to ensure that the EA is still current 
and valid to support the renewal of any applicable authorizations. To that end, CCR will, during the first 
quarter of each year that work is planned in 2011–2017, submit documentation to the C-NLOPB to attest 
that: 
 

 the scope and nature of activities planned and addressed under this EA have not changed; 
 the nature of the species at risk in the Project and Study Areas have been validated and have 

not changed; 
 the nature and extent of the fishing activities being undertaken in the Project Area have been 

validated and have not changed such that project activities pose any potential effects not 
previously assessed; and, 

 the mitigation measures defined and committed to in the EA are still valid and will continue 
to be implemented. 

 
Should CCR determine that changes to the  project activities or the environmental aspects noted above 
have taken place it will consult with the C-NLOPB to determine the need for submission of an 
amendment to the EA. 
 
As part of their ongoing consultation processes, CCR will consult with stakeholders each year in the 
context of preparing the above-noted submission to the C-NLOPB. These meetings will outline CCR’s 
planned activities for the upcoming year and discuss issues of mutual interest and concern. 
 

1.2 The Proponent 
 
The Proponent is Chevron Canada Resources (CCR), which is headquartered in Calgary, Alberta, and 
has an office in St. John’s, Newfoundland and Labrador (NL). 
 
Chevron Canada Resources is a wholly owned subsidiary of Chevron Corporation and one of Canada’s 
leading energy companies. Since 1938, CCR has been actively engaged in exploring, developing, 
producing and marketing crude oil, natural gas and natural gas liquids in Canada. CCR has a 100% 
working interest in EL1109, which was awarded by the C-NLOPB on 11 September 2008.   

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page 3  



 

Chevron Corporation (NYSE: CVX), one of the world's largest integrated energy companies, is involved 
in every aspect of the energy industry, from oil and gas exploration and production to transportation, 
refining and retail marketing, as well as chemicals manufacturing and sales and power production. 
Chevron employs more than 62,000 people worldwide (excluding service station personnel) and is 
active in more than 180 countries. 
 

1.3 Canada-Newfoundland and Labrador Benefits 
 
Consistent with the requirements of the Canada–Newfoundland Atlantic Accord Implementation Act, 
and the Canada–Newfoundland Atlantic Accord Implementation (Newfoundland) Act (the Accord 
Acts), CCR is committed to enhancing the opportunities for Canadian and, in particular, Newfoundland 
and Labrador, participation. 
 
CCR maintains an office in St. John’s, NL and manages most aspects of its East Coast Canada business 
from St. John’s.  CCR provides full and fair opportunity to Canadian individuals and organizations and 
in particular those from NL, to participate in CCR’s activities in NL. CCR supports the principle that 
first consideration be given to personnel, support and other services that can be provided within NL, and 
to goods manufactured in NL, where such goods and services can be delivered at a high standard of 
Health, Safety and Environmental competency, be of high quality and are competitive in terms of fair 
market price.  Contractors and sub-contractors working for CCR in NL must also apply these principles 
in their operations. 
 

1.4 Contacts 
 
Relevant contacts at CCR for the proposed seismic program are provided below. 
 
Executive Contact Geophysical Operations Contact 
 
Ivan Sereda       Kevin Williams 
Manager, Exploration      Manager, Exploration Operations 
Chevron Canada Resources     Chevron Canada Resources 
500 – 5th Avenue SW     500 – 5th Avenue SW 
Calgary, AB  T2P 0L7      Calgary, AB  T2P 0L7 
Phone 403-234-5761 Phone 403-234-5403 
 
Health, Environment & Safety Contact 
 
Jennifer Wyatt 
Environmental & Regulatory Specialist 
Chevron Canada Resources 
500 – 5th Avenue SW 
Calgary, AB  T2P 0L7 
Phone 403-234-5194 
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2.0 Project Description 
 
In 2010, CCR is proposing to conduct a 2-D seismic survey of their leased offshore acreage, starting as 
early as 1 July and concluding as late as 30 November. It is possible that this 2-D survey will be 
deferred until 2011.  The survey is located in and near EL 1109, which is ~100 km northeast of 
Makkovik, Labrador (Figure 1.1). The timing of the survey is subject to the Proponent’s priorities and 
circumstances, weather and ice conditions, contractor availability and regulatory approvals. Any 
potential seismic and geohazard surveys conducted during subsequent seasons in 2011 to 2017 will also 
occur during the same temporal window of 1 July to 30 November. It is anticipated that a maximum of 
one seismic survey and one geohazard survey may occur in any one year.  The geographic extent of 
project activities includes EL 1109 and an additional 25 km buffer around the EL for turnarounds and to 
accommodate a possible 2-D line tying a well (see below for more details). The official name of the 
Project is the “Chevron Offshore Labrador Seismic Program, 2010-2017”. 
 

2.1 Spatial and Temporal Boundaries 
 
In terms of spatial boundaries, the Project Area (Figure 1.1) includes EL 1109 plus a 25 km buffer area 
to accommodate the ships’ turning radii and some anticipated data acquisition adjacent to EL 1109 
which is required to achieve seismic imaging objectives.  The Study Area includes the Project Area plus 
a 20 km buffer area around the Project Area (Figure 1.1) to account for the propagation of seismic 
survey sound that could potentially affect marine biota.  The exact dimensions of the proposed 2010 
seismic survey area will be determined in early 2010 as a function of geophysical priorities, vessel 
availability, and financial considerations. 
 
The temporal boundaries of the proposed Project encompass the 1 July to 30 November period in each 
year from 2010 to 2017.  In 2010, the duration of the proposed 2-D seismic survey is estimated at 14 
days of recording.  In 2011 to 2017, it is estimated that seismic surveys may occur for 30 to 75 days and 
that geohazard survey data may be collected during a two-week period. 
 

2.2 Project Overview 
 
The proposed Project is a ship-based seismic program commencing with an approximate two-week 2-D 
or test survey in 2010 or perhaps 2011.  Additional 2-D or 3-D surveys may occur in 2011 to 2017.   In 
addition, geohazard surveys may be conducted over potential drilling targets or as tie-ins with existing 
wells within the Project Area. 
 
In 2010 or shortly thereafter, CCR is proposing to acquire approximately 480 linear km of 2-D seismic 
survey data within and near EL 1109.  Additional seismic surveys may be conducted within the Project 
Area in 2011 to 2017. The seismic survey ship will tow a sound source (airgun array) and streamer(s) 
composed of receiving hydrophones. The geohazard surveys will be conducted over a much shorter time 
frame using a smaller vessel and a combination of smaller scale seismic equipment, sonars, and a 
boomer. 
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At the time of writing this EA, the seismic contractor for the proposed 2010 (or 2011) 2-D seismic 
program had not been selected.  No geohazard surveys are planned for 2010. Any seismic vessel 
operated in 2010 to 2017 will be approved for operation in Canadian waters and be typical of the 
worldwide seismic fleet. A description of a representative seismic vessel and seismic equipment is 
provided below.  
 
Proposed mitigation procedures will follow those recommended by the C-NLOPB in Appendix 2 of 
Geophysical, Geological, Environmental and Geotechnical Program Guidelines (CNLOPB 2008), 
including ramp-up (i.e., soft start) of the airgun arrays, the use of dedicated Marine Mammal 
Observer(s) (MMOs) to monitor marine mammals and turtles and implement shut downs of the surveys 
when appropriate, and the use of a Fisheries Liaison Officer (FLO) and communication procedures to 
aid in coordination with fishing activities.  The need for dedicated MMOs and/or FLOs for the more 
limited temporal and geographically scoped geohazard surveys in areas of limited fishing activity will be 
evaluated prior to any potential geohazard surveys. 
 
2.2.1 Objectives and Rationale 
 
The objectives of the Project are to determine the presence and likely locations of geological structures 
that might contain hydrocarbon deposits.  In general, 2-D surveys are used to determine areas where 
precise and detailed 3-D surveys should be done.  The 3-D data are needed to provide higher resolution 
and quality images than are available from 2-D surveys which use more widely spaced seismic lines and 
typically only one streamer.  Results of 3-D surveys are then used to find potential locations for 
exploration drilling.   
 
Once a potential drilling site is located it is standard offshore industry procedure, and a requirement of 
the C-NLOPB, that a well site/geohazard survey be conducted or suitable pre-existing survey data be 
used to identify, and thus avoid, any potential shallow drilling hazards.  Drilling hazards could include 
steep and/or unstable substrates or pockets of “shallow gas” and seabed obstructions (man-made or 
natural), including boulders and shallow hydrates. It should be noted that not all well locations, 
particularly those in deep water areas, will require a geohazard survey because existing 3-D seismic data 
can be reprocessed to achieve the same objectives.   
 
2.2.2 Alternatives to the Project, Alternatives within the Project 
 
The existing 2-D seismic data for EL 1109 and surrounding areas indicate structures that may contain 
volumes of producible hydrocarbons. These existing seismic data, while useful, are dated and are also 
insufficient to determine exact structural size and internal complexity. Acquisition of new 2-D and 3-D 
seismic data is required to determine if exploration drilling is warranted.   
 
CCR has made work commitments to pursue exploration activities on EL 1109. Seismic surveys (2-D 
and 3-D) are standard precursors to offshore exploratory drilling. They help to define the target 
subsurface geological formations believed to contain hydrocarbon resources, lessen the chances of 
expending resources “drilling dry holes” and increase the overall safety of the drilling activity. 
Accordingly, there is no alternative to the proposed seismic survey programs other than to incur the 
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financial penalties attendant on not fulfilling CCR’s exploration commitments and to explore for oil and 
gas elsewhere. 
 
Geohazard surveys are a regulatory requirement of the C-NLOPB and a safety requirement for drilling 
operations.  As noted above, not all well locations, particularly those in deep water areas, will require a 
geohazard survey because existing 3-D seismic data can be reprocessed to achieve the same objectives.   
 
Viable alternatives within the seismic and geohazard programs are essentially the choices between 
different contractor’s ships and survey equipment that will be evaluated though the bid evaluation 
process.   
 
2.2.3 Project Scheduling 
 
In 2010, it is anticipated that the seismic survey will be about two weeks in duration and the survey may 
occur during July to November.  Of these 14 days, it is estimated that 7 to 14 days will be required to 
obtain 2-D data in EL 1109.  In 2011 to 2017, seismic surveys may occur between 1 July and 30 
November and program duration is estimated at 30 to 75 days.  Geohazard surveys are not planned for 
2010. One geohazard survey per year may occur in 2011 to 2017, with each survey lasting about 7 to 14 
days. 
 
2.2.4 Site Plans 
 
In 2010 or 2011, the proposed 2-D survey will be conducted in the area shown in Figure 1.1.  Water 
depth in the first 2-D survey area ranges from ~ 100 to 1,500 m.  The orientation and spacing of survey 
lines for the first seismic survey (in 2010 or 2011) have not yet been determined.   
 
Geohazard surveys may be conducted at exploratory drill sites, which will be identified in future years. 
If these surveys are required, CCR will likely use the survey grid approach recommended in the 
“Geophysical, Geological, Environmental and Geotechnical Program Guidelines” (C-NLOPB 2008).   
 
2.2.5 Personnel 
 
A typical seismic vessel can accommodate approximately 50 to 100 personnel.  Personnel on seismic 
vessels typically include individuals from the Proponent (i.e., CCR), the vessel owner/operator (ship’s 
officers and marine crew), and technical and scientific personnel from the main seismic contractor.  The 
seismic vessel may have a FLO and a MMO(s) on board, as well as a CCR representative(s) who serves 
as Client Quality Control and Processing Quality Control.  All project personnel will have all of the 
required certifications as specified by relevant Canadian legislation and the C-NLOPB.  Total crew on 
board a geohazard vessel will be on the order of 12 (ship’s crew), and 12 (technical), and perhaps a 
MMO and FLO1 for a total of 24 to 26 individuals.    

                                                 
1 If space availability aboard the geohazard vessel is limited, one of the ship’s crew trained in marine mammal monitoring 
and mitigation protocols will perform the duties of MMO.  The ship’s marine crew would communicate with fishing vessels 
in the area. 



 

 
 
2.2.6 Seismic Vessel 
 
As of submission time for the EA, the seismic contractor for the proposed CCR program has not been 
selected.  Vessel specifics will be provided once the contractors are selected. Most, if not all, likely 
survey vessels have diesel-electric propulsion systems (main and thrusters) and operate on marine diesel 
or marine gas-oil.  Seismic vessels typically are ~80–90 m in length and are equipped with a helideck.  
Seismic vessels operate one or two echosounders.  The seismic ship will likely deploy a workboat to 
repair streamers when necessary and will carry a Fast Rescue Craft.   
 
2.2.7 Seismic Energy Source Parameters 
 
The seismic energy source will be comprised of individual airguns arranged in an array.  CCR expects to 
use two airgun arrays, 3000 in3 to 5000 in3 in total volume.  The two airgun arrays will be activated 
alternately (flip-flop arrangement) along the survey lines, typically every 10 to 12 seconds.  Survey 
speed is around 4.5 knots (8.3 km/h).  The arrays will be towed at depths of 6 m to 15 m.  Airguns will 
be operated at 2000 to 2500 psi and the source level (at 1 m) of the array may range from 100 to 150 
bar-m (~254 to 257.5 dB re 1 Pa zero to peak).  The airguns in the array are strategically arranged to 
direct most of the energy vertically downward rather than sideways (see Appendix C in LGL (2007a) for 
a review of airgun sound characteristics).      
 
2.2.8 Seismic Streamers 
 
The proposed 2-D seismic test survey in 2010 (or shortly thereafter) will likely use 6 to 12 towed 
streamers  to a maximum of 20 with an approximate length of up to 8000 m and deployed at depths 
ranging from 5 to 25 m.  Each streamer is typically separated by 100 m.  While this program is 
essentially 2-D in nature, multiple streamers will be deployed in order to test acquisition parameters. 
Streamer flotation will be solid and specifications will be provided when program design is complete. 
 
If fluid-filled streamers are used in subsequent surveys, the fluid used to control buoyancy is called 
Isopar-M.  Isopar-M predominantly consists of isoparaffinic hydrocarbons (C12-C15).  In a typical 
Isopar-filled streamer, each 100 m hydrophone section contains 11.7 L of Isopar divided amongst 78 
hydrophone pockets.  Each hydrophone pocket contains 150 mL of Isopar and is isolated and completely 
sealed from other pockets.  This isolation of pockets greatly reduces the chances of releasing large 
amounts of fluid even in the event of a major streamer accident. 
 
2.2.9 Geohazard Vessel and Equipment 
 
If geohazard surveys are required, surveys will be conducted from a vessel similar to those used to 
conduct geohazard surveys offshore of Newfoundland in recent years (e.g., MV Anticosti).  Vessels 
presently approved and operating on the East Coast on other offshore programs will be utilized.  Vessel 
specifics will be provided once the contractors are selected.  Most, if not all likely survey vessels have 
diesel-electric propulsion systems (main and thrusters) and operate on marine diesel. 
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The wellsite geohazard program, if required, will acquire high resolution seismic, side scan sonar, sub-
bottom profiler and bathymetric data over the proposed area.  Survey speed will be on the order of four 
to five knots.    The geohazard equipment is anticipated to be similar to that used in recent years for site 
survey work offshore Newfoundland for various operators.  From an operational perspective, the 
following text summarizes the typical acoustic sources to be used during surveying.  However, it should 
be noted that equipment may vary depending on contractor selection.  If equipment specifics differ from 
those included below, details will be provided once the contractors are selected. 
 
2.2.10 Geohazard Seismic Data 
 
High-resolution multi-channel seismic data will be acquired with a small airgun array. The seismic 
source is typically comprised of four airguns, each of 40 in3 capacity.  The compressed air for the 
airguns is provided by a diesel-powered compressor on deck.  The maximum output from this typical 
array has a peak to peak value of 17.0 bar-m.  This equates to a source level (at 1 m) of ~238 dB re 1µPa 
(zero to peak).  A single streamer is typically towed from the port quarter of the vessel.  A tail buoy will 
be used, equipped with a radar reflector and strobe light.  Total streamer length is typically ~ 650 m. 
 
2.2.10.1  Surficial Data 
 
Huntec Deep Tow System 
 
The Huntec Deep Tow System (DTS) has been proven to be the most effective at providing high 
resolution sub-bottom profiles from the Grand Banks.  The system is towed within the water column, at 
a distance of between 20 and 40 m off the seabed.  The Huntec DTS uses a “broadband” boomer 
acoustic source, with frequency bandwidth from 500 Hz to 6 kHz.  Power output is typically 500 Joules, 
but may be increased to 1 kJ if necessary.  Rise time of the pulse is less than 0.1 millisecond.  The 
boomer derived pulse is primarily restricted to a 60º cone.  Maximum peak to peak amplitude is 221 dB 
re 1 μPa at 1 m.   
 
Side Scan Sonar 
 
Seabed imagery, for the clearance survey, is typically acquired with a digital, dual frequency (105 kHz 
and 390 kHz) side scan sonar system.  The sonar source level for 390 kHz is 216 dB re 1 μPa at 1 m 
(zero to peak) and for 105 kHz is 221 dB re 1 μPa at 1 m (zero to peak).  The activation rate of the side 
scan sonar is 3.3 times per second at 200 m range.  The beamwidth is: horizontal, 1.2º and 0.5º for the 
105 kHz and 390 kHz frequencies, respectively.  A 50º arc is swept perpendicular to the survey transect.      
 
Echo Sounders 
 
A Reson 8101 multi-beam is an echo sounder typically used to acquire bathymetric data.  Power output 
levels are similar to the types of echo sounders commonly used on the Grand Banks.  The system 
operates at a frequency of 240 kHz and the source level is 207 dB re 1 uPa at 1 m (zero to peak) and its 
sounding rate may be ~4 to 6 times per second.  The multibeam echo sounder covers 1.5º per beam and 
101 beams cover a 150º arc perpendicular to the survey transect. 
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A single-beam echosounder is usually operated to provide quality control of the data acquired from the 
multi-beam echosounder.  The single-beam echosounder operates at 24 kHz and 200 kHz (dual 
frequency capable) and the source levels are 213 dB re 1 uPa at 1 m (zero to peak) and 209 dB re 1 uPa 
at 1 m (zero to peak) for 24 kHz and 200 kHz frequencies, respectively.   The sounding rate of this 
source will be typically two times per second.  The single-beam echosounder derived pulse is primarily 
restricted to a 9º (200 Hz) and a 24º (24 kHz) conical beam.  
 
Magnetometer 
 
In the event that potential debris is identified by the side scan or multi-beam systems, a proton 
magnetometer is typically utilized.  This system is towed behind the vessel, 5 to 10 m above the seabed, 
and emits a low power electromagnetic field.  
 
Camera and Sediment Sampler 
 
A camera system and sediment sampler is typically deployed at a number of locations across the site, for 
the purposes of groundtruthing the geophysical data. Surficial sediment samples (of approximately 0.7 L 
in size) are described on board by a geologist, and stored in sample bags for subsequent processing.  The 
camera is usually lowered to an elevation of 1 m or more above the seabed as the vessel drifts across the 
intended sites.   
 
2.2.10.2  Logistics and Support 
 
Offshore seismic operations will be supported by a picket and supply vessel and potentially a helicopter.  
No new shorebase facilities will be required for the Project for the 2-D seismic survey.  CCR is currently 
examining the feasibility of utilizing shorebase facilities (e.g., helicopter pad) in the future.  Potential 
sites for these facilities could be either Happy Valley-Goose Bay or Hopedale.  No shorebase facilities 
will be required for potential geohazard surveys. 
 
2.2.10.3  Picket Vessel 
 
The seismic ship will be accompanied by a picket vessel with responsibilities for communications with 
other vessels (primarily fishing vessels) that may be operating in the area and for scouting ahead to look 
for hazards — particularly ice in and near the Project Area.   The geohazard vessel will not likely require 
or be accompanied by a picket vessel. 
 
2.2.10.4  Supply Vessel 
 
Given the short duration of the initial 2-D survey and a typical geohazard survey (i.e., two weeks), re-
supply is not anticipated for these programs.  For longer duration 3-D surveys, heavy re-supply 
(including water, food, parts and fuel) to the seismic vessel will be conducted by offshore supply vessel 
throughout the duration of the program.     Supply vessels will be typical of those that regularly service 
Hibernia, Terra Nova and White Rose.  A typical supply vessel is crewed by about 6 to 12 marine 
qualified personnel. 
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2.2.10.5  Helicopter 
 
If required, aircraft support will be provided by twin-engine helicopters.  Helicopters may be used to 
ferry personnel and lightweight supplies to and from the seismic vessel.  In addition, helicopter 
emergency response support will be available to the seismic vessel.  It is uncertain at this stage where 
the helicopter(s) would be based although Happy Valley-Goose Bay or Hopedale are possible options.  
Once determined, this information will be provided to the C-NLOPB.       
 
2.2.11 Waste Management 
 
Wastes produced from the seismic, geohazard, supply and picket vessels, including grey and black 
water, bilge water, deck drainage, discharges from machinery spaces and hazardous and non-hazardous 
waste material will be managed in accordance with MARPOL and with CCR’s waste management plan. 
The contracted vessels policies and procedures will be reviewed against the CCR Plan.  CCR’s waste 
management plan will be filed with the C-NLOPB.  A licensed waste contractor will be used for any 
waste returned to shore. 
 
2.2.12 Air Emissions 
 
Air emissions will be those associated with standard operations for marine vessels in general, including 
the seismic vessel, picket vessel, geohazard and supply vessel.  There are no anticipated implications for 
the health and safety of workers on these vessels. 
 
2.2.13 Accidental Events 
 
In the unlikely event of the accidental release of hydrocarbons during the Project, CCR and its seismic 
and geohazard survey contractor will implement the measures outlined in its oil spill response plan 
which will be filed with the C-NLOPB.   In addition, CCR has emergency response plans in place which 
will be bridged with the seismic (and geohazard) contractor’s response plans prior to commencement of 
the seismic program. 
 

2.3 Mitigation 
 
Mitigation measures are detailed throughout the EA.  The measures are reviewed and summarized in 
Section 5.9. 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page 11  



 

3.0 Physical Environment 
 
The physical environment of the Study Area has been recently described in Oceans (2009) for the 
Chevron Offshore Labrador seismic program EA.  A summary of the physical environment, based on 
that report, is provided below.  Further information concerning the physical environment of offshore 
Labrador is provided in the Labrador Shelf SEA (Sikumiut 2008).   
 

3.1 Bathymetry 
 
Water depth can affect the characteristics of received sound and thus is of relevance in the assessment of 
the effects of seismic energy on marine animals.  The bathymetry in the Study Area is relatively 
complex with depths ranging from ~100 m to depths over 2,500 m, including continental shelves, 
slopes, and the abyssal plain.  Bounded on the northwest by Nain Bank and on the southeast by Harrison 
Bank, the Study Area contains the northeast portion of Makkovik Bank and the southeast side of 
Hopedale Saddle.   
 

3.2 Geology 
 
Surficial and bedrock geology affect the characteristics of received sound and thus are of some 
relevance in the assessment of the effects of seismic energy on marine animals. 
 
The surficial geology of the Labrador Shelf has been discussed in NORDCO (1982) and Josenhans et al. 
(1986) and has been summarized in the Labrador Shelf SEA.  The bedrock geology of the Study Area is 
comprised primarily of Precambrian and Tertiary bedrock.  The Precambrian bedrock dominates the 
seafloor on the inner shelf.  The contact between the Precambrian and Tertiary bedrock in the Makkovik 
Bank area falls along the landward side of the Marginal Trough and may outcrop on its eastern flank 
(Geomarine 1976 in Sikumiut 2008).  Five surficial sedimentary formations are found in the Study Area 
and include till (Lower Till, Upper Till), proglacial and subglacial sediments (Qeovik Silt), and post 
glacial marine sediments (Makkaq Clay and Sioraq Silt and Gravel).  Additional information on surficial 
sediments, as they relate to fish and fish habitat, is provided in Section 4.2.1.2.     
  

3.3 Climatology 
 
This section provides an overview of the climatology of the Study Area and is a summary of a detailed 
report (Oceans 2009) that was prepared for the Chevron Offshore Labrador seismic program EA.  The 
Study Area, being located off Labrador, experiences weather conditions typical of a maritime 
environment with the surrounding waters having a moderating effect on temperature.  In general, 
maritime climates experience cooler summers and milder winters than continental climates and have a 
much smaller annual temperature range.  Furthermore, a maritime climate tends to be fairly humid, 
resulting in reduced visibilities, low cloud heights, and significant amounts of precipitation.   
 
The climate of the Study Area is very dynamic, being largely governed by the passage of high and low 
pressure systems.  These circulation systems are embedded in, and steered by, the prevailing westerly 
flow that typifies the upper levels of the atmosphere in the mid-latitudes, which arises because of the 
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normal tropical to polar temperature gradient.  The mean strength of the westerly flow is a function of 
the intensity of this gradient, and as a consequence is considerably stronger in the winter months than 
during the summer months, due to an increase in the south to north temperature gradient.  
[Meteorological convention defines seasons by quarters; e.g., winter is December, January, February, 
etc.] 
 
At any given time, the upper level flow is a wave-like pattern of large and small amplitude ridges and 
troughs.  These ridges and troughs tend to act as a steering flow for surface features and therefore their 
positions in the upper atmosphere determine the weather at the earth’s surface.  Upper ridges tend to 
support areas of high pressure at the surface, while upper troughs lend support to low pressure 
developments.  The amplitude of the upper flow pattern tends to be higher in winter than summer, which 
is conducive to the development of more intense storm systems.  
 
During the winter months, an upper level trough tends to lie over Central Canada and an upper ridge 
over the N Atlantic.  This results in three main storm tracks affecting Eastern Canada: one from the 
Great Lakes Basin, one from Cape Hatteras, North Carolina, and one from the Gulf of Mexico.  The 
Cape Hatteras and Gulf of Mexico storm tracks both bring low pressures up along the Eastern Seaboard 
and across the Grand Banks of Newfoundland where they frequently become ‘captured’ and slow down 
or stall south of Greenland.  This may result in an extended period of little change in conditions that may 
range, depending on the position, overall intensity, and size of the system, from the relatively benign to 
heavy weather conditions.  On average, five storms cross the Grand Banks during the winter months, 
while only three cross the Study Area (Eichler and Higgins 2006).  With the storms passing south of the 
Study Area during the winter and stalling to the east, the predominant wind direction is from the 
northeast to northwest. 
 
There is a general warming of the atmosphere during spring due to increasing heat from the sun.  This 
spring warming results in a decrease in the north-south temperature gradient.  Due to this weaker 
temperature gradient during the summer, storms tend to be weaker and not as frequent.  Furthermore, the 
weaker tropical-to-polar temperature gradient in the summer results in the storm tracks moving further 
north.  Consequently, the number of storms crossing the Study Area is higher during the summer 
months, while the number that crosses the Grand Banks decreases.  The prevailing wind direction shifts 
to the southeast during the summer months as a result of this change in the storm tracks. 
 
Rapidly deepening storms are a problem south of Newfoundland in the vicinity of the warm water of the 
Gulf Stream.  Sometimes these explosively deepening oceanic cyclones develop into a “weather bomb”; 
defined as a storm that undergoes central pressure falls greater than 24 mb over 24 hours.  Hurricane 
force winds near the center, the outbreak of convective clouds to the north and east of the center during 
the explosive stage, and the presence of a clear area near the center in its mature stage (Rogers and 
Bosart 1986) are typical of weather bombs.  After development, these systems will either move across 
Newfoundland or near the southeast coast, then across the Grand Banks, resulting in gale to storm force 
north to northeasterlies over the Study Area. 
 
In addition to extratropical cyclones, tropical cyclones often retain their tropical characteristics as they 
enter the Study Area.  Tropical cyclones account for the strongest sustained surface winds observed 
anywhere on earth.  The hurricane season in the N Atlantic basin normally extends from June through 
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November, although tropical storm systems occasionally occur outside this period.  Once formed, a 
tropical storm or hurricane will maintain its energy as long as a sufficient supply of warm, moist air is 
available.  Tropical storms and hurricanes obtain their energy from the latent heat of vapourization that 
is released during the condensation process.  These systems typically move east to west over the warm 
water of the tropics; however, some of these systems turn northward and make their way towards 
Newfoundland.  Since the capacity of the air to hold water vapour is dependent on temperature, as the 
hurricanes move northward over the colder ocean waters, they begin to lose their tropical characteristics.  
By the time these weakening cyclones reach Newfoundland, they are usually embedded into a mid-
latitude low and their tropical characteristics are usually lost. 
 
A significant number of the tropical cyclones that move into the mid-latitudes transform into 
extratropical cyclones.  On average, 46% of tropical cyclones that form in the Atlantic transform into 
extratropical cyclones.  During this transformation, a system loses tropical characteristics and becomes 
more extratropical in nature.  These systems frequently produce large waves, gale to hurricane force 
winds, and intense rainfall.  The likelihood that a tropical cyclone will transform increases towards the 
second half of the tropical season, with October having the highest probability of transformation. In the 
Atlantic, extratropical transformation occurs at lower altitudes in the early and late hurricane season and 
at higher latitudes during the peak of the season (Hart and Evans 2001).   
 
Additional details on climatology of the Study Area, including wind and wave climatology, air and sea 
temperature, visibility, precipitation, sea spray vessel icing, tropical systems, and an analysis of wind 
and wave extreme values, are found in Oceans (2009). 

  
3.4 Physical Oceanography 
 
3.4.1 Currents in the Project Area 

 
There are measured current data available for the Project Area.  In 1980 and 1981, currents were 
measured on Makkovik Bank by NORDCO Ltd. for Petro-Canada Exploration Inc. (Table 3.1).  During 
the summer of 1980, currents were also measured on the slope for Petro-Canada and in the southeastern 
part of Hopedale Saddle for Chevron Standard (Table 3.2).  In 1983, currents were measured in 
Hopedale Saddle by Oceans Ltd (Table 3.3).  Since the currents tend to follow the bathymetric contours, 
the currents differ in both speed and direction, depending on location. 
 
Table 3.1 Currents on Makkovik Bank at Location 55°36.6’N; 57°46.7’W. 
 

Instrument 
Depth (m) 

Duration 
Velocity 
(cm/s) 

Direction  
(°T) 

Mean Speed 
(cm/s) 

Max Speed 
(cm/s) 

20 m June to Oct 1981 2.8 SSE 11.9 57.0 
25 m July to Sept 1980 5.1 SE 15.4 55.5 
55 m July to Sept 1980 4.4 SE 14.4 44.5 

145 m July to Sept 1980 6.0 SE 11.7 31.7 
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Table 3.2 Currents on the continental slope outside Makkovik Bank. 
 

Instrument 
Depth (m) 

Duration 
Velocity  
(cm/s) 

Direction  
(°T) 

Mean Speed 
(cm/s) 

Max Speed 
(cm/s) 

102 July – Sept 1980 16.1 South 17.7 52.8 
202 July – Sept 1980 14.6 South 16.0 45.2 
656 July – Sept 1980 3.4 South 5.6 28.8 

 
Table 3.3 Currents in Hopedale Saddle. 
 

Instrument 
Depth (m) 

Duration 
Velocity  
(cm/s) 

Direction  
(°T) 

Mean Speed 
(cm/s) 

Max Speed 
(cm/s) 

50 July – Oct 1983 20.9 ESE 25.45 70.7 
285 July – Oct 1983 4.7 NE 12.0 50.9 

 
3.4.1.1  Makkovik Bank 
 
Progressive vector diagrams for Makkovik Bank are shown in Figure 3.1 and histograms of speed and 
direction in Figure 3.2.  The Progressive vector diagrams show the high degree of variability in the 
currents on Makkovik Bank, particularly in the near surface waters.  The low frequency oscillation 
evident in the data has a period of 4.7 days (Fissel and Lemon 1982).  The net direction is towards the 
southeast.   
 
Current measurements were also taken from slope waters outside Makkovik Bank in a depth of 706 m.  
On the slope the mean southward velocity was much higher than on Makkovik Bank.  For the same time 
period, the maximum speeds at 102 m and 202 m were 52.8 cm/s and 45.2 cm/s, respectively, as 
compared with 31.7 cm/s at 145 m on Makkovik Bank.  
 
3.4.1.2  Hopedale Saddle 
 
Progressive vector diagrams for Hopedale Saddle are shown in Figure 3.3 and histograms of speed and 
direction in Figure 3.4.  The Progressive vector diagrams show that the currents change direction with 
depth.  In the near surface waters the current flows in a cross saddle direction; whereas at deeper water 
levels the flow is northeast directed out of the saddle along the bathymetric contours.  This flow pattern 
is supported by current data collected in the southeastern part of Hopedale Saddle near the 500 m 
contour by NORDCO Ltd for Chevron Standard in summer 1980.  The dominant flow at depths of 
246 m and 477 m was directed northeast in an offshore direction.  An interesting feature in the Chevron 
data is that the colder temperatures were always associated with currents flowing southward while the 
warmer temperatures were always associated with currents flowing in a northeast direction.  The salinity 
data showed the same trend. 
 
The currents in the saddles have high speeds as compared to the banks and are areas of mass transport 
and mixing between the warm, high salinity water over the slope and the cold, low salinity water on the 
shelf. 
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Figure 3.1 Progressive vector diagrams for currents on Makkovik Bank. 
 
In summary, the currents on Makkovik Bank will have lower speeds and greater variability than the 
currents on the slope or in Hopedale Saddle.  The currents on the outer edge of EL1109 on the slope will 
be directed towards the southeast with high current speeds.  In the northwest sector of EL1109 the 
currents will also be high and directed northeast for the majority of the time.  This complex current 
pattern should be taken into account while planning seismic activities.   
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Figure 3.2 Histograms of current speed and direction from Makkovik Bank 

continental slope. 
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Figure 3.3 Progressive vector diagrams from Hopedale Saddle. 
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Figure 3.4 Histograms of current speed and direction from Hopedale Saddle. 
 
3.4.2 Water Properties in the Project Area 

 
From 1999 to 2001, DFO carried out temperature and salinity profiles along a transect over Makkovik 
Bank in the Project Area.  Figure 3.5 presents the cross-sectional contours over Makkovik along with the 
standard cross-sectional contours over Hamilton Bank (Seal Island transect) for comparison purposes.  It 
can be seen from these contours that the waters over Makkovik Bank are colder and less saline than over 
Hamilton Bank.   
 
The speed of sound in seawater is dependent on both temperature and salinity.  Historical temperature 
and salinity records for the Project Area were extracted from the Bedford Institute of Oceanography 
(BIO) hydrographic database and used to produce statistics. 
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                   Seal Island        Makkovik Bank 

 
Source: Colbourne (2002). 
 

Figure 3.5 Hydrographic contours of the Makkovik Bank and Seal Island transects. 
 
Table 3.4 shows the mean, minimum and maximum values plus the standard deviation for temperature 
and salinity on a monthly basis for the surface waters.  The majority of this data is for the months of July 
to December with no records for April or May.  
 
The data show that the warmest temperatures occur between July and September ranging in mean value 
from 4.14°C to 3.43°C while the coldest month on average is January.  The warmest temperature for the 
surface water occurred in August with a maximum value of 8.09°C and the coldest occurred in 
December with a minimum value of -1.66°C.  The mean salinity records ranged from a low of 31.65 psu 
in June to a high of 33.97 psu in February.  Since the Project Area spans different bathymetry, the 
variations may be more related to geographical location than seasonal variations. 
 
The temperature and salinity statistics for a depth of 50 m are presented in Table 3.5.  Once again the 
bulk of the data are for months July to December and no data are available for April and May.  The 
coldest temperature on average was in June with a mean value of -1.20°C and the warmest temperature 
in October with a mean value of 1.95 °C.  Mean salinity records show a range of 32.50 psu in June to 
34.14 psu in February. 
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Table 3.4 Monthly temperature and salinity statistics for surface waters. 
 

Temperature 

Month Min (˚C) Max (˚C) Mean (˚C) 
Standard 
Deviation 

Number of 
Measurements 

Jan -1.35 1.19 -0.60 1.21 4 
Feb -1.37 3.71 0.67 2.68 3 
Mar -0.46 -0.25 -0.36 0.15 2 
Apr 0.00 0.00 0.00 0.00 0 
May 0.00 0.00 0.00 0.00 0 
June 1.74 1.74 1.74 0.00 1 
July 2.00 5.81 4.14 1.28 13 
Aug 3.80 8.09 6.00 1.39 7 
Sept 1.72 5.33 3.43 1.11 8 
Oct 0.57 3.18 2.16 0.77 14 
Nov -0.06 3.44 1.00 0.94 13 
Dec -1.66 0.60 -0.55 0.74 9 

Salinity 

Month Min (psu) Max (psu) Mean (psu) 
Standard 
Deviation 

Number of 
Measurements 

Jan 32.46 33.48 33.09 0.45 4 
Feb 33.51 34.82 33.97 0.74 3 
Mar 33.58 34.04 33.81 0.33 2 
Apr 0.00 0.00 0.00 0.00 0 
May 0.00 0.00 0.00 0.00 0 
June 31.65 31.65 31.65 0.00 1 
July 29.93 33.73 31.68 0.93 13 
Aug 31.65 33.76 32.33 0.84 7 
Sept 32.32 33.35 32.77 0.38 8 
Oct 31.92 33.83 32.87 0.48 14 
Nov 31.63 34.11 32.79 0.61 13 
Dec 32.52 33.59 33.11 0.29 9 
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Table 3.5 Monthly temperature and salinity statistics for a depth of 50 m. 
 

Temperatures 

Month Min (˚C) Max (˚C) Mean (˚C) 
Standard 
Deviation 

Number of 
Measurements 

Jan -1.12 1.11 -0.23 0.94 12 
Feb -0.91 3.71 1.19 1.98 9 
Mar 0.08 0.58 0.33 0.27 6 
Apr 0.00 0.00 0.00 0.00 0 
May 0.00 0.00 0.00 0.00 0 
June -1.20 -1.20 -1.20 0.00 3 
July -1.80 4.44 -0.24 1.56 38 
Aug -1.48 3.24 0.41 1.33 24 
Sept 0.25 2.86 1.61 0.85 21 
Oct 0.61 3.80 1.95 0.76 41 
Nov 0.06 3.51 1.30 1.08 29 
Dec -0.81 1.64 0.31 0.80 27 

Salinity 

Month Min (psu) Max (psu) Mean (psu) 
Standard 
Deviation 

Number of 
Measurements 

Jan 32.52 33.60 33.25 0.45 12 
Feb 33.75 34.82 34.14 0.51 9 
Mar 33.90 34.31 34.11 0.22 6 
Apr 0.00 0.00 0.00 0.00 0 
May 0.00 0.00 0.00 0.00 0 
June 32.50 32.50 32.50 0.00 3 
July 32.54 34.35 33.11 0.43 38 
Aug 32.27 34.42 33.08 0.68 24 
Sept 32.56 33.78 33.16 0.38 21 
Oct 32.37 34.11 33.20 0.44 41 
Nov 32.37 34.16 33.17 0.57 29 
Dec 32.53 33.97 33.41 0.40 27 

 
The temperature and salinity statistics for a depth of 100 m are shown in Table 3.6.  At 100 m, the 
coldest temperature is in June with a mean temperature of -1.20°C.  The warmest temperature is in 
February with a mean value of 2.54°C.  The mean salinities range from 33.03 psu (June) to 34.52 psu 
(February). 
 
The temperature and salinity statistic for a depth of 500 m is shown in Table 3.7.  At 500 m the data 
records are a bit sparser with mean temperature ranging from 3.56°C in January to 4.23°C in November.  
Mean salinities show very little fluctuation ranging from 34.81 psu in January to 34.90 psu in March. 
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Table 3.6 Monthly temperature and salinity statistics for a depth of 100 m. 
 

Temperature 

Month Min (˚C) Max (˚C) Mean (˚C) 
Standard 
Deviation 

Number of 
Measurements 

Jan -0.80 1.23 0.69 0.67 10 
Feb 1.52 3.72 2.54 0.91 9 
Mar 1.72 2.25 2.04 0.26 6 
Apr 0.00 0.00 0.00 0.00 0 
May 0.00 0.00 0.00 0.00 0 
June -1.20 -1.20 -1.20 0.00 3 
July -1.60 3.84 -0.07 1.49 32 
Aug -1.48 3.21 0.13 1.76 24 
Sept -0.24 1.47 0.77 0.55 21 
Oct -0.13 3.78 1.67 1.06 37 
Nov -0.28 3.54 1.45 1.27 31 
Dec -0.48 2.46 0.95 0.89 27 

Salinity 

Month Min (psu) Max (psu) Mean (psu) 
Standard 
Deviation 

Number of 
Measurements 

Jan 32.67 33.84 33.66 0.35 10 
Feb 34.26 34.82 34.52 0.24 9 
Mar 34.31 34.50 34.40 0.10 6 
Apr 0.00 0.00 0.00 0.00 0 
May 0.00 0.00 0.00 0.00 0 
June 33.03 33.03 33.03 0.00 3 
July 32.90 34.61 33.49 0.45 32 
Aug 32.80 34.64 33.45 0.69 24 
Sept 32.97 34.03 33.50 0.36 21 
Oct 32.73 34.32 33.56 0.43 37 
Nov 32.59 34.38 33.45 0.56 31 
Dec 32.61 34.36 33.63 0.47 27 
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Table 3.7 Monthly temperature and salinity statistics for a depth of 500 m. 
 

Temperature 

Month Min (˚C) Max (˚C) Mean (˚C) 
Standard 
Deviation 

Number of 
Measurements 

Jan 3.56 3.56 3.56 0.00 3 
Feb 3.40 3.86 3.63 0.25 6 
Mar 5.02 5.02 5.02 0.00 2 
Apr 0.00 0.00 0.00 0.00 0 
May 0.00 0.00 0.00 0.00 0 
June 0.00 0.00 0.00 0.00 0 
July 3.86 4.19 3.97 0.14 9 
Aug 3.58 3.58 3.58 0.00 3 
Sept 3.50 4.05 3.73 0.19 18 
Oct 3.69 4.71 4.05 0.35 30 
Nov 3.89 4.52 4.23 0.27 15 
Dec 3.70 4.18 3.91 0.15 21 

Salinity 

Month Min (psu) Max (psu) Mean (psu) 
Standard 
Deviation 

Number of 
Measurements 

Jan 34.81 34.81 34.81 0.00 3 
Feb 34.78 34.85 34.82 0.04 6 
Mar 34.90 34.90 34.90 0.00 2 
Apr 0.00 0.00 0.00 0.00 0 
May 0.00 0.00 0.00 0.00 0 
June 0.00 0.00 0.00 0.00 0 
July 34.83 34.88 34.86 0.02 9 
Aug 34.84 34.84 34.84 0.00 3 
Sept 34.74 34.90 34.82 0.06 18 
Oct 34.71 34.89 34.82 0.05 30 
Nov 34.82 34.91 34.86 0.03 15 
Dec 34.75 34.89 34.83 0.05 21 

 
At 1,000 m, temperature and salinity data exist mostly from the months of October, November, and 
December (Table 3.8).  The mean temperature changes very little from 3.45°C in August to 3.81°C in 
October.  The mean salinities also change only slightly from 34.84 psu in February to 34.92 in 
December.  
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Table 3.8 Monthly temperature and salinity statistics for a depth of 1,000 m. 
 

Temperature 

Month Min (˚C) Max (˚C) Mean (˚C) 
Standard 
Deviation 

Number of 
Measurements 

Jan 0.00 0.00 0.00 0.00 0 
Feb 3.55 3.69 3.62 0.07 6 
Mar 3.43 4.24 3.77 0.43 5 
Apr 0.00 0.00 0.00 0.00 0 
May 0.00 0.00 0.00 0.00 0 
June 0.00 0.00 0.00 0.00 0 
July 3.58 3.59 3.58 0.01 3 
Aug 3.45 3.45 3.45 0.00 3 
Sept 3.40 3.60 3.52 0.09 9 
Oct 3.43 4.07 3.81 0.23 18 
Nov 3.33 4.06 3.73 0.27 15 
Dec 3.52 3.78 3.64 0.11 12 

Salinity 

Month Min (psu) Max (psu) Mean (psu) 
Standard 
Deviation 

Number of 
Measurements 

Jan 0.00 0.00 0.00 0.00 0 
Feb 34.83 34.85 34.84 0.01 6 
Mar 34.88 34.91 34.89 0.02 5 
Apr 0.00 0.00 0.00 0.00 0 
May 0.00 0.00 0.00 0.00 0 
June 0.00 0.00 0.00 0.00 0 
July 34.86 34.87 34.86 0.01 3 
Aug 34.89 34.89 34.89 0.00 3 
Sept 34.84 34.92 34.87 0.04 9 
Oct 34.83 34.90 34.87 0.02 18 
Nov 34.85 34.90 34.88 0.02 15 
Dec 34.85 35.03 34.92 0.07 12 

 
3.5 Ice and Icebergs 
 
3.5.1 Sea Ice 

 
A weekly analysis of the Canadian Ice Service’s 30-Year Frequency of Presence of Sea Ice in the Study 
Area shows that the area is affected by sea ice from the end of December until the beginning of July.  A 
graph of the frequency of presence of ice within the Study Area is presented in Figure 3.6.  From this 
graph it can be seen that 10% of the Study Area is covered with sea ice 1 to 10% of the time beginning 
in the week of December 04.  By the week of January 29, 83.6% of the area is covered in sea ice 
between 91 to 100% of the time.   
 
The predominant ice types within the area from December 04 to the week of December 25 are new ice 
and grey ice.  Grey-white is predominant from January 1 to January 15.  By January 22, first year ice is 
predominant and persists until the week of July 16.  The types of sea ice are described in Table 3.9. 
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Figure 3.6 30-year frequency of presence of sea ice within the Study Area. 
 
Table 3.9 Classifications of sea ice. 
 
Ice Type Definition 
New Recently formed ice which includes frazil ice, grease ice, sluch, and shuga.  These types of ice are 

composed of ice crystals which are only weakly frozen together (if at all) and have a definite form only 
while they are afloat.  In Canada, the term ‘new ice’ is applied to all recently formed sea ice having 
thickness up to 10cm.  This includes ice rind, light nilas, and dark nilas. 

Grey Young ice 10 to 15 cm thick that is less elastic than nilas and breaks on swell.  Usually rafts under 
pressure. 

Grey-White Young ice 15 to 30 cm thick.  Under pressure more likely to ridge than raft 
First-Year Sea ice of not more than one winter’s growth, developing from young ice; thickness 30 to 200 cm.  May 

be subdivided into: 
Thin first year ice: 30 to 70 cm thick 
Medium first year ice: 70 to 120 cm thick 
Thick first year ice: over 120 cm thick 

Old Sea ice that has survived at least one summer’s melt.  Most topographic features are smoother than on 
first year ice. 

Fast Sea ice that forms and remains fast along the coast where it is attached to the shore, to an ice wall, to an 
ice front, between shoals or grounded icebergs.  Vertical fluctuations may be observed during changes of 
sea level.  Fast ice may be formed in situ from sea water or by freezing of floating ice of any age to the 
shore and may extend a few metres or several hundred kilometres from the coast. 
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The 30-year median concentration of sea ice within the Study Area is presented in Figure 3.7.  This 
graph shows that ice is at its highest concentration during the week of February 5 with 85.8% of the area 
completely covered.  Concentrations gradually decrease after this period and by the week of July 9, the 
median concentration over the Study Area is zero. 
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Figure 3.7 30-year median of ice concentration within the Study Area. 
 
Sea ice statistics were recorded by the drill ship Petrel during exploration activities from July 11 – 
August 17, 1983.  Medium first-year sea ice was present in strips and patches during this period. 

 
3.5.2 Icebergs 
 
The International Ice Patrol (IIP) Iceberg Sightings Database from 1974 to 2009 was used as the primary 
data source in this analysis (NSIDC 1995) (Figure 3.8). It shows the number of iceberg sightings off the 
coast of Labrador within the Project Area from 1974 to 2009 (Figure 3.9).  Overall there is a good 
distribution of iceberg sightings ranging from 3,476 in 2006 to only 1 in 1980.  Only iceberg sightings 
that occurred within the Project Area were considered in this analysis.   
 
Figure 3.9 shows the positions of all icebergs within the Project Area from 1974 to 2009.  Over the 35 
years studied, 699 out of 23,570 icebergs in total have been sighted inside the area.  Environmental 
factors, such as iceberg concentration, ocean currents, and wind, determine how icebergs drift through 
the area.  Concentrations within the region appear less frequently to the north.  It should also be noted 
that the majority of these sightings have occurred in the past four years.  This does not infer, however, 
that icebergs were not present in other years, just that none were observed.  
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Source: IIP Iceberg Sightings Database (1974  to 2009). 

 
Figure 3.8 Iceberg sightings within coastal Labrador and the Project Area. 
 

 
Source: IIP Iceberg Sightings Database (1974 to 2009). 
 

Figure 3.9 Iceberg sightings from 1974 to 2009 aggregated. 
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A monthly analysis shows that icebergs have been spotted within the region from December to August; 
however, they are most prominent during the month of June (Table 3.10).  With respect to size, the most 
prominent icebergs are medium sized, accounting for 31.0% of observed icebergs within the region.  
Large icebergs occur 12.9% of the time. 
 
Iceberg counts were taken by the drill ship Petrel during exploration activities from July 11 to August 
17, 1983.  This ship recorded icebergs each day over that time period.  The iceberg counts were coded 
into MANMAR observations.  This dataset recorded more than 20 icebergs with growlers and bergy bits 
between August 6 to 9, 1983. 
 
Table 3.10 Iceberg size by month. 
 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

General 0 3 0 21 0 90 13 14 0 0 0 0 141 

Unidentified Target 0 0 0 0 0 0 0 5 0 0 0 0 5 

Growler 0 0 0 0 0 0 0 0 0 0 0 0 0 

Bergy Bit 0 0 0 0 0 0 0 2 0 0 0 0 2 

Small 0 3 9 7 26 10 7 14 0 0 0 0 76 

Medium 4 1 28 21 54 93 7 9 0 0 0 0 217 

Large 1 0 10 7 13 43 15 0 0 0 0 1 90 

Very Large 0 0 0 0 0 2 1 0 0 0 0 0 3 

Randomized 0 0 0 8 12 145 0 0 0 0 0 0 165 

Total Monthly 5 7 47 64 105 383 43 44 0 0 0 1 699 
Source: IIP Iceberg Sightings Database (1974 to 2009). 
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4.0 Biological and Socio-economic Environments 
 

4.1 Labrador Offshore Ecosystem 
 
An ecosystem is an inter-related complex of physical, chemical, geological, and biological components 
that can be defined at many different scales, including a Project Area level (i.e., a deep ocean basin 
ecosystem) to a Regional Area ecosystem that is topographically and oceanographically complicated 
with shelves, slopes, and valleys and several major water masses and currents.  Many important 
components of the ecosystem such as certain species and stages of fish, seabirds and marine mammals 
may be affected by the Project and these are discussed below. 
 

4.2 Fish and Fish Habitat 
 
This subsection provides a description of the existing fish and fish habitat in the Study Area.  Fish 
habitat is considered first, followed by a discussion of macroinvertebrates and fishes in the Study Area. 
 
4.2.1 Fish Habitat 
 
In this EA, fish habitat includes physical, chemical, and biological aspects of the marine environment 
used by macroinvertebrate and finfish species in the Study Area.  The physical and chemical nature of 
the bottom substrate is a critical factor affecting the characterization of the associated marine biological 
community.  The biological component of fish habitat refers to phytoplankton, zooplankton, and benthos 
(i.e., infaunal and epibenthic invertebrates not typically harvested during commercial fisheries in the 
Study Area [e.g., polychaetes, echinoderms]). 
 
4.2.1.1 Physiography 
 
Bathymetry in the Study Area is complex and depths vary widely with shallow shelf areas, steep slopes, 
and deep troughs (~100 m to >3,500 m) (see Figure 1.1).   Its shallower southwestern portion includes 
the northeastern part of Makkovik Bank, and its deeper eastern portion incorporates the slope/abyssal 
area beyond the continental shelf.  The northern part of the Study Area is situated in the relatively deep 
(~500 m) Hopedale Saddle that separates Makkovik Bank from Nain Bank.   
 
4.2.1.2 Sediments 
 
This section provides a brief summary of the Study Area surficial sediments based on Labrador Shelf 
surficial sediment maps modified from Geological Survey of Canada (2007 in Sikumiut 2008) and 
provided in the Labrador Shelf SEA (see Figures 3.1 and 3.2 in Sikumiut 2008).  This summary 
primarily concerns sediments within and immediate adjacent the Study Area.   
 
The surficial geology of the Study Area is comprised of Makkaq Clay, Qeovik Silt, Lower Till, Upper 
Till, and Sioraq Silt and Gravel.  Composed of stratified clay and silt with minor amounts of sand and 
gravel, Makkaq Clay is found in the southwestern part of the Study Area.  In Hopedale Saddle it occurs 
only in water depths greater than 400 m to 500 m, though it occurs in water depths as shallow as 175 m 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page 30  



 

further north (e.g., Karlsefni Trough).  The clay is generally less than 10 m thick, but may be up to 30 m 
thick locally.  Found approximately in the middle of the Study Area, Qeovik Silt is a well-stratified, 
poorly sorted clayey-sandy silt with occasional ice-rafted gravel.  This silt, occurring mainly in the 
Marginal Trough, laps onto the western edge of the outer shelf banks and extends eastward through the 
saddles at water depths greater than 150 m in the north and 200 m in the south.  Overlying bedrock, 
Lower Till is found in the western and southern portions of the Study Area and extends across the banks 
of the outer shelf to the shelf edge at water depths of approximately 600 m and up to 150 km from the 
coast.  The Upper Till, found largely in the northwestern portion of the Study Area, is believed to extend 
from land across the inner shelf to the western margins of the outer shelf banks and extend as tongues 
eastward through the saddles toward the shelf margin.  On the outer shelf and within the saddles, Upper 
Till generally occurs in depths greater than 160 m.  Sioraq Silt and Gravel is found in the eastern portion 
of the Study Area, largely within the narrow band between the 500 m and 1,000 m contours.   
 
4.2.1.3 Plankton 
 
Plankton is composed of free-floating organisms that form the basis of the pelagic ecosystem.  Members 
include bacteria, fungi, phytoplankton, and zooplankton (mostly invertebrates, but may also include fish 
eggs and larvae, termed ichthyoplankton). In simplest terms, phytoplankton (e.g., diatoms) produce 
carbon compounds through the utilization of sunlight, carbon dioxide, and nutrients (e.g., nitrogen, 
phosphorus, silicon); this process is called primary production. Herbaceous zooplankton (e.g., calanoid 
copepods, the dominant component of NW Atlantic zooplankton) feed on phytoplankton; this growth 
process is secondary production. The herbivores in turn are fed upon by predators (i.e., tertiary 
production) such as predacious zooplankton (e.g., chaetognaths, jellyfish, etc.), all of which may be 
grazed by higher predators such as fish, seabirds, and marine mammals. This food web also links to the 
benthic ecosystem through bacterial degradation processes, dissolved and particulate carbon, and direct 
predation.  An understanding of plankton production is important because areas of enhanced production 
and (or) biomass are areas where fish, seabirds, and marine mammals congregate to feed.   
 
The information on plankton of the Labrador Shelf has been reviewed extensively in the Labrador Shelf 
SEA and will be summarized briefly in the current section.  Some of the key points concerning the 
various components of planktonic communities for the Labrador Shelf Area are highlighted below: 

 
 Microbiota consisting of bacteria, mould, and yeast are ubiquitous in the marine 

environment, including Labrador Shelf waters. These microflora occupy a unique niche in 
marine ecosystems in that they serve as a food source as well as degrade organic matter 
(Bunch 1979).  Typically, microflora are most abundant in the upper layers, and their 
numbers decrease with depth (Li and Harrison 2001); 

 
 Phytoplankton distribution, productivity, and growth regulation in high-latitude ecosystems 

(e.g., Labrador Shelf) is a complex system with light, nutrients, and herbivore grazing being 
the principal factors limiting phytoplankton regulations (Harrison and Li 2008); 

 
 The spring bloom of phytoplankton is the driving force of high-latitude marine ecosystem 

dynamics and its initiation in the Labrador Sea is strongly regionally dependent (Wu et al. 
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2008). The spring bloom in the southern Labrador Sea starts in March as a continuation of 
the bloom that commences on the Grand Banks and spreads northward. In the northern 
Labrador Sea, the spring bloom starts in early April with the bloom occurring earlier in both 
the north and south Labrador Sea areas as compared to the central Labrador Sea (Wu et al. 
2008); 

 
 Irradiance has been considered the limiting factor for development of the spring bloom; 

however, factors such as latitude, water column stratification, and freshwater inputs (ice melt, 
precipitation) are also important factors in Labrador Shelf waters (Wu et al. 2008); 

 
 There also appears to be a fall bloom over shelf and slope regions in October for the 

Labrador Shelf area. Labrador Shelf waters display elevated chlorophyll biomass over most 
of the growing season from April through September – October (Cota et al. 2003); 

 
 The role of sea-ice dynamics on the phytoplankton dynamics in the Labrador Shelf area is 

significant in that the marginal ice zones release freshwater via melting thereby strengthening 
stratification and affecting salinity and temperature distributions of the upper mixed layer.  
Retreat of the sea ice also influences the timing and magnitude of the phytoplankton bloom 
as well as penetration of light into the water column (Wu et al. 2007);  

 
 The Labrador Shelf area is highly productive due to upwelling along the slopes of the 

offshore banks and channels and the outflow of nutrient rich water from the Hudson Strait  
(Drinkwater and Harding 2001; Breeze et al. 2002);   

 
 The highest phytoplankton biomass (near surface) tends to be in the northern Labrador Sea 

area (Drinkwater and Harding 2001); 
 

 There is the potential for both nitrate and silicate limitation in the Labrador Sea in summer 
and nitrate limitation in the central Labrador Sea (Harrison and Li 2008).  In fact, there is a 
high probability that nutrients and irradiance may result in co-limitations during peak 
summer months, which affects the overall phytoplankton biomass (Harrison and Li 2008);  

 
 Silicate concentrations are high and nitrate concentrations are low for both the Labrador 

Shelf and the shelf edge (AZMP 2007); 
 

 Seasonal fluctuations in phytoplankton biomass into the Newfoundland and Labrador region 
are dominated by changes in the abundance of diatoms (DFO 2007a).  The spring bloom 
trends to be dominated by diatoms while the fall bloom dominant species are flagellates and 
dinoflagellates (Buchanan and Foy 1980a,b; DFO 2007a); 

  
 Chlorophyll concentrations were found to be higher near the coast and in bays as compared 

to further offshore.  This may be attributed to nutrients associated with riverine input, tidal 
mixing, wind events, and localized upwelling (Buchanan and Foy 1980b);  
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 Zooplankton comprise the primary link between primary production and higher-level 
organisms in the marine ecosystem.  They transfer organic carbon from phytoplankton to 
fish, marine mammals, and birds higher in the food chain.  Zooplankton are a food source for 
a broad spectrum of species and they contribute faecal matter and dead zooplankton to the 
benthic communities; 

 
 Arctic water masses that influence the Labrador Current are dominated by calanoid copepods 

(Calanus finmarchicus, Calanus glacialis, and Calanus hyperboreus) and the cyclopoid 
Oithona similis (Huntley et al. 1983); 

 
 Zooplankton reproduction is tied to the phytoplankton bloom, which either coincides with or 

immediately follows the brief but intense phytoplankton blooms in the high latitudes 
(Huntley et al. 1983; Head et al. 2000; Head and Pepin 2008); 

 
 Zooplankton reproduction would be expected to occur in or around May in the northern and 

southern areas of the Labrador Sea with the central Labrador Sea lagging until sometime in 
June. The presence of stage I and II copepodites in the central Labrador Sea in October and 
November has suggested that there may be a second breeding period in late summer or early 
fall (Huntley et al. 1983) and that this aggregate is significantly smaller; 

 
 The pre-adult C. finmarchicus develop in the surface waters over the summer and early 

autumn after which the majority migrates to deeper waters to enter a period of dormancy. 
This seasonal descent to deeper waters means that C. finmarchicus are largely absent from 
the Labrador shelf regions during winter months and then re-populate the shelf regions in the 
spring (Head and Pepin 2008); and, 

 
 Sea ice biota are fauna and flora of all trophic levels that live in, on, or associated with sea 

ice during all or part of their life cycle. Some of these species become part of the plankton 
when the ice melts.  Communities are found at the surface, interior, and bottom of the ice. 
There are different mechanisms for the formation of these communities depending on where 
the community is located within the ice (Horner et al. 1992). 

 
Planktonic organisms are so ubiquitous and abundant, and many have such rapid generation times that 
there will be essentially no effect on planktonic communities from the seismic program.  Planktonic 
stages of commercial invertebrates (e.g., crab) and fish (e.g., cod) are described in the Labrador Shelf 
SEA and in the following effects assessment. 
 
4.2.1.4 Benthos 

 
Benthic invertebrates are bottom-dwelling organisms that can be classified into three categories: 
infaunal organisms, sessile organisms, and epibenthic species (Barrie et al. 1980).  Infaunal organisms 
live on or are buried in soft substrates and include bivalves, polychaetes, amphipods, sipunculids, 
ophiuroids, and some gastropods. Sessile organisms live attached to hard substrates and would include 
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barnacles, tunicates, bryzoans, holothurians, and some anemones. The epibenthic organisms are active 
swimmers that remain in close association to the seabed and include mysiids, amphipods, and decapods.   
 
The benthic invertebrate communities of the Labrador Shelf area are described in the Labrador Shelf 
SEA.  There have been a limited number of benthic studies conducted in the waters off Labrador, 
particularly those deeper than 200 m, the depths commonly found in the Study Area.  The studies 
described in the Labrador Shelf SEA largely concern benthic organisms and communities occurring in 
inshore waters shallower than 200 m and hence will be discussed briefly in the current section.  An 
extensive literature search revealed no new studies completed in offshore Labrador waters since the 
Labrador Shelf SEA was prepared. 
 
Benthic invertebrate communities can be spatially variable due to physical habitat characteristics such as 
water depth, substrate type, currents, and sedimentation.  The primary factors affecting the structure and 
function of such communities in high latitude communities are water mass differences, sediment 
characteristics, and ice scour (Carey 1991).  The wide range of these characteristics within the Labrador 
Shelf area ensures a variety of benthic communities. The structure and metabolism of benthic 
communities can also be directly affected by the rate of sedimentation of organic detritus in shelf and 
deeper waters (Desrosiers et al. 2000).  The seasonality of phytoplankton can influence production in 
benthic communities, adding temporal variability to a highly heterogeneous community.  For Labrador, 
the mean macrobenthic biomass (depth: 5 to 63 m) was measured as 346 g/m2 (Barrie et al. 1980).  
Other research in the Arctic found that the density and biomass varies depending upon the location and 
may be affected by such things as ice scour, riverine input and locale on the shelf. Thus, the benthic 
environment in the Arctic can be broken into approximately five distributional zones (Carey 1991): 
 

1.  The nearshore zone (0 to 2 m) is a barren zone that is annually depopulated by freezing and 
ice scour. 

2.  The inshore zone (2 to 20 m) is a zone strongly influenced by riverine and runoff inputs. 
3.  Transitional zone (15 to 30 m) that is subject to intense scouring by ice keels. 
4.  Continental shelf (30 to 100 m) where the biomass is higher at the shelf edge. 
5.  Upper Slopes (>100 m) where the biomass begins to decrease. 

 
At depths of 5 to 10 metres, biomass is often low because of presence of fast ice during winter and low 
salinity and ice scour during summer open water season (Carey 1991).  This appears to be a widespread 
phenomenon in Arctic areas.  Beyond a depth of 100 metres, the biomass also decreases with depth.  
 
Stewart et al. (1985) surveyed benthic invertebrates at stations on the continental shelf and slope of 
southeastern Baffin Island, in Ungava Bay, and on the northern Labrador Shelf.  Water depths ranged 
from 106 m to 970 m while bottom temperatures ranged from -0.7°C to 4.3°C.  Stations deeper than 
600 m had fine sand-silt substrate while shallower stations generally had a sand substrate.  Stewart et al. 
(1985) identified 492 species of molluscs, echinoderms, crustaceans, and polychaetes.  Many of the 
species were present in low abundances at a small number of stations.  The data indicate that the 
groupings of the marine benthic organisms were more commonly associated with particular water 
masses and temperature distributions than substrate distributions.   
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Two stations examined by Stewart et al. (1985) were located on the northern Labrador shelf in water 
depths of 180 m (bottom temp. = 3.0°C; sand substrate) and 621 m (bottom temp. = 4.0C; silt and clay 
substrate).  The dominant species, in terms of standing crop and abundance, at the shallower site were 
Tachyrhynchus erosus and Macoma loveni for molluscs, Rhodine gracilior, Maldane sarsi, and 
Chaetozone setosa for polychaetes, Ophiura robusta for echinoderms, and Unciola leucopis for 
crustaceans. The deeper site was dominated by Yoldiella lucida, Thyasira gouldi, and Dentalium 
occidentale for molluscs, Glycera capitata, Ophelina cylindrocaudatus, Lumbrineris impatiens, and an 
unidentified species for polychaetes, and Amphipholis squamata and Amphiura fragilis for echinoderms.  
The dominant crustaceans at the deeper site included Ischyrocerus megacheir, Ampelisca gibba, 
Ampelisca amblyops, Haploops tubicola, and Byblis crassicornis. At the shallower site, the water mass 
was influenced by mixing between the Labrador Current water and deeper, warmer Atlantic 
Intermediate water.  The deeper site occurred under the Irminger Atlantic water mass.   
 
In coastal waters, Barrie and Steele (1979) found two species associations on shallow sand substrates in 
Labrador.  Open exposed coasts with fine and medium sand were dominated by Diastylis spp., Nephtys 
longesetosa, Turtonia minuta, Stegophiura stuwitzi, and Ampharete arctica. More protected areas, such 
as Nain and Hopedale with fine sand sediments, were inhabited by Macoma sp., Serripes groenlandicus, 
Ampelisca eschrichtii, Prionospio steenstrupti, and Pectinaria granulata.  Barrie et al. (1980) noted that 
benthic assemblages in shallow water with rocky substrates were characterized by Mytilus edulis and 
Hiatella arctica.  On bottoms with mixture of cobble and sand, Hyas araneus and Diastylis rathkei 
dominated. Sandy bottoms were characterized by several bivalves and the polychaete Nephtys caeca. 
Coarse silt substrates were colonized by amphipod (Byblis gaimardi) and several polychaetes species. 
 
Deep-water Corals 
 
A variety of coral groups occur in Newfoundland and Labrador waters and include scleractinians 
(solitary stony corals), antipatharians (black wire corals), alcyonaceans (large and small gorgonians, soft 
corals), and pennatulaceans (sea pens) (Wareham and Edinger 2007; Wareham 2009).  Corals are largely 
distributed along the edge of the continental shelf and slope off Newfoundland and Labrador (Edinger et 
al. 2007; Wareham and Edinger 2007).  Typically, they are found in canyons and along the edges of 
channels (Breeze et al. 1997), deeper than 200 m.  Soft corals are distributed in both shallow and deep 
waters, while horny and stony corals (hard corals) are restricted to deep water only in this region.  Dense 
congregations of coral off Labrador are referred to as coral “forests” or “fields”.  Most grow on hard 
substrate (Gass 2003), such as large gorgonian corals (Breeze et al. 1997).  Others, such as small 
gorgonians, cup corals, and sea pens, prefer sand or mud substrates (Edinger et al. 2007).  The 
distribution of various corals, based on data collected by fisheries observers, along the northern and 
southern regions of the Labrador coast (Edinger et al. 2007; Wareham and Edinger 2007) are provided 
in the Labrador Shelf SEA (see Figures 4.13 and 4.14, respectively, in the Labrador Shelf SEA).  In 
total, thirty species of corals were documented and comprised of two antipatharians (black wire corals), 
13 alcyonaceans (large gorgonians, small gorgonians, and soft corals), four scleractinians (solitary stony 
corals), and 11 pennatulaceans (sea pens).  The authors noted that corals were more widely distributed 
on the continental edge and slope. 
 
A recently published DFO technical report (Gilkinson and Edinger 2009) presents knowledge on the 
ecology of deep-sea corals of Newfoundland and Labrador waters, including information on 
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biogeography, life history, biochemistry, and relation to fishes.  Wareham (2009) updated deep-sea coral 
distribution data for the Newfoundland and Labrador and Arctic Regions to partially fill information 
gaps previously identified by Wareham and Edinger (2007).  Their study area encompassed the 
continental shelf, edge, and slope ranging from Baffin Bay to the Grand Banks, including the Labrador 
Shelf (NAFO Divisions 2GHJ).  Distributional maps were compiled by Wareham (2009) using DFO 
Newfoundland and Labrador Region Multispecies Surveys (2000 to 2007), DFO Arctic Multispecies 
Surveys (2006 to 2007), Northern Shrimp Survey (2005), and from Fisheries Observers aboard 
commercial fishing vessels (2004 to 2007).  The maps provided by Wareham (2009) show the 
distribution of several coral groups occurring along the continental edge and slope from Baffin Bay to 
the Grand Banks.  The groups profiled include antipatharians, alcyonaceans, scleractinians, and 
pennatulaceans.  Six previously undocumented coral species, comprised of one alcyonacean, two 
scleractinians, and three pennatulaceans, were identified in the Newfoundland and Labrador and Arctic 
Regions (Wareham 2009).    
 
According to distribution maps provided by Wareham (2009), there are approximately 12 species of 
corals occurring within or adjacent to the Study Area.  The species identified include large gorgonians 
(Primnoa resedaeformis, Paragorgia arborea, and Paramuricea spp.), small gorgonians 
(Acanthogorgia armata, Acanella arbuscula), and soft corals (Anthomastus grandiflorus, Duva florida, 
Gersemia rubiformis, and Nephtheid spp.).  One scleractinian species (Vaughanella margaritata) and 
two pennatulacean species (Anthoptilum grandiflorum and unspecified sea pen species) are also noted to 
occur there.  No antipatharian species were noted by Wareham (2009) to occur within this EA’s Study 
Area.  The majority of coral species were observed to occur on the continental slope, with the exception 
of several soft corals (Gersemia rubiformis and Nephtheid spp.) found distributed on the shelf.       
    
The patterns of association between deep-sea corals fish and invertebrate species, based on DFO 
scientific surveys and ROV surveys are discussed by Edinger et al. (2009).  Although there were no 
dramatic relationships between corals and abundance of the ten groundfish species studied, there was a 
weak but statistically significant positive correlation between coral species richness and fish species 
richness, suggesting that habitats that support diverse corals are also likely to support diverse 
assemblages of fishes.  By increasing the spatial and hydrodynamic complexity of habitats, deep-sea 
corals may provide important, but probably not critical, habitat for a wide variety of fishes. Effects of 
deep-sea corals on fish habitat and communities may include higher prey abundance, greater water 
turbulence, and resting places for a wide variety of fish size classes (Auster et al. 2005, and Costello et 
al. 2005 in Edinger et al. 2009).  
 
4.2.1.5 Commercially-harvested Macroinvertebrate and Fish Species 
 
Three species, northern shrimp, snow crab, and Greenland halibut, have dominated directed commercial 
landings data for the Study Area in recent years.  Commercially-harvested species are discussed in 
decreasing order of Study Area average catch weight for the 2006 to 2008 period (see Section 4.3).  
Other species have been harvested as incidental bycatch within the Study Area in recent years.  Several 
of these species (wolffish, Atlantic cod, American plaice, and capelin) are discussed in the Section 4.6.  
The remaining species, namely redfish and skate, are described in the current section along with the 
commercially harvested species.   
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Northern Shrimp 
 
The primary cold-water shrimp resource in the N Atlantic, the northern shrimp (pink shrimp; Pandalus 
borealis) is distributed from Davis Strait to the Gulf of Maine.  It usually occupies soft muddy substrates 
up to depths of 600 m in temperatures of 1°C to 6°C (DFO 2008a).  Larger individuals generally occur 
in deeper waters (DFO 2006a). A diel vertical migration is undertaken with shrimp moving off the 
bottom into the water column during the day to feed on small pelagic crustaceans.  They migrate up the 
water column at night, feeding on pelagic copepods and krill (DFO 2006a).  Female shrimp also undergo 
a seasonal migration to shallow water where spawning occurs (DFO 2006a).  
 
Northern shrimp are protandric hermaphrodites (Orr et al. 2009).  They first mature as males, mate as 
males for one to several years and then change sex to spend the rest of their lives as mature females 
(DFO 2008a). Eggs (2,400 for the average female (Haynes and Wigley 1969)) are laid in the summer 
and remain attached to the female until the following spring, when the female migrates to shallow 
coastal waters to spawn (Nicolajsen 1994 in Ollerhead et al. 2004). The hatched larvae float to the 
surface feeding on planktonic organisms (DFO 2006a).  Northern shrimp are known to live for more 
than eight years in some areas and are thought to begin to recruit to the fishery at age three, but may not 
be fully recruited until much later (DFO 2008a).  Some northern populations exhibit slower rates of 
growth and maturation but greater longevity that results in larger maximum size (DFO 2008a). 
 
As with most crustaceans, northern shrimp grow by moulting their shells.  During this period, the new 
shell is soft, causing them to be highly vulnerable to predators such as Greenland halibut (turbot), cod 
(DFO 2006a), Atlantic halibut, skates, wolffish and harp seals (Phoca groenlandica) (DFO 2000). 
Northern shrimp are vulnerable to these predators regardless of whether they have a soft shell. 
 
Snow Crab 
 
The snow crab (Chionoecetes opilio), a decapod crustacean, occurs over a broad depth range in the NW 
Atlantic from Greenland south to the Gulf of Maine (DFO 2009a).  Snow crab distribution is widespread 
and continuous in waters off Newfoundland and southern Labrador.  Large males are most common on 
mud or mud/sand, while smaller crabs are common on harder substrates.   
 
The snow crab life cycle features a 12 to 15 week planktonic larval period, following spring hatching, 
involving several stages before settlement. Benthic juveniles of both sexes molt frequently, and at about 
40 mm CW (~ 4 years of age) they may become sexually mature.  Female crabs carry the fertilized eggs 
for about two years (DFO 2009a).   
 
Snow crab typically feed on fish, clams, benthic worms, brittle stars, shrimps and crustaceans, including 
smaller snow crabs.  Their predators include various groundfish and seals (DFO 2009a). 
 
Greenland Halibut 
 
The Greenland halibut (Reinhardtius hippoglossoides) is distributed throughout cold, deep waters of the 
Labrador Shelf, inhabiting the continental shelf and slope at depths of 200 to 600 m or more (Smidt 
1969).  High abundances of the species occur in the Hopedale, Cartwright, and Hawke Channels of mid-
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to southern Labrador (Bowering and Chumakov 1989).  High abundances in shelf channels have been 
attributed to high concentrations of available prey, namely northern shrimp (Bowering 1983).  In 
addition to shrimp, Greenland halibut feed on a variety of species, including small pelagic crustaceans, 
small fish (e.g., Arctic cod, capelin), larger fish (e.g., redfish, grenadier), and squid (DFO 2008b).      
 
Greenland halibut inhabiting the continental shelf of Labrador are predominately immature (Bowering 
1977, 1981, 1983; Zilanov et al. 1976; Bowering and Chumakov 1989).  The majority of the adult 
population is distributed in the deep and warm N Atlantic waters (e.g., Davis Strait, between Greenland 
and Baffin Island) where spawning occurs in winter or early spring (Templeman 1973; Bowering 1983; 
Bowering and Brodie 1995).  Larvae and juveniles are transported south by oceanic currents and 
colonize the deep channels of the Labrador banks (Bowering 1983; Bowering and Brodie 1995).  In the 
Labrador area, Greenland halibut move progressively offshore to the deep edges of the continental slope 
with increasing age and size (Bowering and Brodie 1995).  With increasing maturity most Greenland 
halibut presumably migrate northward to areas such as Davis Strait to spawn (Templeman 1973; 
Chumakov 1975; Bowering and Brodie 1995).  Small scale localized spawning may also occur along the 
deep slopes of the continental shelf throughout its range (Bowering and Brodie 1995).   
 
Atlantic Cod 
 
Atlantic cod (Gadus morhua) is discussed in Section 4.6 on Species at Risk.  Although the 
Newfoundland and Labrador population is currently not designated on Schedule 1 of SARA, it is 
considered as endangered under COSEWIC.   
 
Atlantic cod were incidentally harvested, but not landed, during directed commercial harvests within the 
Study Area.   
 
Redfish  
 
Redfish (Sebastes spp.) inhabit cool waters (3 to 8°C) along the slopes of banks and deep channels in 
depths of 100 to 700 m (Scott and Scott 1988; DFO 2008c).  Generally found near the bottom, redfish 
have been observed to undertake diel vertical migrations, moving off the bottom at night to follow the 
migration of their prey (DFO 2008c).  Redfish are pelagic or bathypelagic feeders, feeding primarily on 
zooplankton such as copepods, amphipods and euphausiids.  Fishes and crustaceans become more 
important in the diet of larger redfish (Scott and Scott 1988).   
 
The NW Atlantic redfish consists of a complex of three species identified as Acadian redfish (S. 
fasciatus), golden redfish (S. marinus), and deepwater redfish (S. mentella) (DFO 2008c).  The redfish 
distribution in the NW Atlantic ranges from the Gulf of Maine, northwards off Nova Scotia and southern 
Newfoundland banks, in the Gulf of St. Lawrence, and along the continental slope and deep channels 
from the southwestern Grand Bank to areas as far north as Baffin Island.  Redfish are also present in the 
area of Flemish Cap and west of Greenland.   
 
The deepwater redfish and Acadian redfish are the two commercially most important species and are 
distributed according to a gradient in the NW Atlantic (DFO 2008c).  The deepwater redfish is the 
dominant species in northern areas, such as Baffin Island and in Labrador waters, whereas Acadian 
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redfish dominates in the Gulf of Maine and the basins and continental slope of the western Scotian Shelf 
(the latter known collectively as Unit 3).  Their distribution overlaps in the Gulf of St. Lawrence (Unit 
1), the Laurentian Channel (Unit 2), off Newfoundland (3LN, 3M, 3O), and south of the Labrador Sea 
(2J, 3K).  In areas of distributional overlap, deepwater redfish generally occur in deeper water (350 – 
500 m) than Acadian redfish (150 – 300 m).  The distribution of both species is also characterized by the 
presence of an area of introgressive hybridization which is geographically circumscribed to the Gulf of 
St. Lawrence – Laurentian Channel area (Units 1 and 2) and to a lesser extent to the Flemish Cap area 
(DFO 2008c). 
 
Redfish are generally slow growing and long lived fishes (DFO 2008c).  The reproductive cycle of 
redfish differs from that of other fish species.  Unlike many other species, fertilization in redfish is 
internal and females bear live young.  Mating takes place in the fall most likely between September and 
December and females carry the developing embryos until they are extruded as free swimming larvae in 
spring.  Larval extrusion takes place from April to July depending on the areas and species.  Mating and 
larval extrusion do not necessarily occur in the same locations. 
 
Redfish spp. were incidentally harvested, but not landed, during directed commercial harvests within the 
Study Area. 
 
American Plaice 
 
American plaice (Hippoglossoides platessoides) is discussed in Section 4.6 on Species at Risk.  While 
neither the Newfoundland and Labrador population nor the Maritimes population are currently 
designated on Schedule 1 of SARA, both populations are considered as threatened under COSEWIC.   
 
American plaice were incidentally harvested, but not landed, during directed commercial harvests within 
the Study Area. 
 
Skate 
 
There are 13 known species of skate (Family Rajidae) found in the NW Atlantic; however, many are 
rare and do not make an important contribution to the fishery (MI 2007b). The two most abundant 
species, described below, are thorny skate (Raja radiata) and smooth skate (Malacoraja senta).  Skate 
spp. were incidentally harvested, but not landed, during directed commercial harvests within the Study 
Area. 
 
Thorny Skate 
 
Thorny skate are a temperate to arctic species widely distributed in the North Atlantic from Greenland to 
South Carolina and is at the centre of its distribution on the Grand Banks (Kulka et al. 2006; Kulka and 
Miri 2007).  Thorny skate have been observed over a wide range of depths, from nearshore to 1,700 m, 
with most of its biomass noted to occur between 50 to 150 m (Kulka and Miri 2003a). They are 
observed on both hard and soft substrates (Kulka et al. 1996) and are primarily associated with muddy, 
sandy and pebble substrates (Kulka and Miri 2003a). The life span of the thorny skate has not been 
studied, but data from tagging studies indicate they may live for 20 years or more (DFO 2003; Kulka 
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and Miri 2003). Information is lacking on most aspects of the population dynamics of thorny skate. 
Thus, it is not possible to undertake age-based analyses or estimate the spawning stock biomass with any 
certainty. Males have been found to mature at smaller sizes than females, with size at maturity 
increasing from north to south. Ovaries of sexually mature females hold 10 to 12 pairs of eggs in various 
developmental stages (Kulka and Miri 2003). Thorny skate deposit 6 to 40 egg cases per year (DFO 
2003). Larger females produce larger egg cases, but it is not known if egg case size is related to survival 
rates (Kulka and Miri 2003). Thorny skate feed on a variety of invertebrates including polychaetes, 
crabs, and whelks (Kulka and Miri 2003). The diets of larger skates include fish prey such as sculpins, 
redfish, sand lance, and small haddock. Considerable amounts of fish offal have been found in skate 
stomach and this, coupled with the ventral mouth location, suggests that thorny skate are opportunistic 
bottom feeders. There is limited information regarding thorny skate predation, suggesting they are prey 
to large predators such as seals, sharks, and Atlantic halibut. 
 
Smooth Skate 
 
Smooth skate is found along the Atlantic coast of North America, ranging from the Gulf of St. Lawrence 
and Labrador shelf to South Carolina (Packer et al. 2003).  It lives on soft mud and clay bottom, often in 
deep troughs and basins (Scott and Scott 1988).  It is found at depths ranging from 46 to 457 m, with 
greatest abundances noted below 110 m (Swain and Benoit 2001).  There is limited knowledge available 
on the life history of the smooth skate. Its diet is comprised of amphipods, mysiids, decapods, 
euphausiids, and fish species including yellowtail flounder (Limanda ferruginea), hake, witch flounder, 
and sand lance (Packer et al. 2003). 
 
Wolffishes 
 
All three species of wolffish (i.e., northern, spotted and Atlantic) are discussed in Section 4.6 on Species 
at Risk.  Both the northern and spotted wolffishes are currently designated as threatened on Schedule 1 
of SARA and under COSEWIC.  The Atlantic wolffish is currently designated as special concern on 
Schedule 1 of SARA and under COSEWIC. 
 
Wolffish spp. were incidentally harvested, but not landed, during directed commercial harvests within 
the Study Area. 
 
Capelin 
 
Capelin (Mallotus villosus) is discussed in Section 4.6 on Species at Risk.  Although not designated on 
Schedule 1 of SARA, capelin is currently considered as a mid priority candidate species under 
COSEWIC. 
 
Capelin were incidentally harvested, but not landed, during directed commercial harvests within the 
Study Area. 
 
4.2.1.6 Non-commercial Species 
 
All of the non-commercial species considered in this subsection are fishes. 
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Arctic Cod 
 
In Canadian waters, this distinctly arctic species, Arctic cod (Boreogadus saida), is found in the 
Beaufort Sea, the Arctic Archipelago, Hudson Bay, Baffin Bay, along the Labrador coast, eastern 
Newfoundland coast and the northern and eastern Grand Banks (DFO 2009b).  Arctic cod can be 
encountered in a variety of water depths ranging from a few metres to 900+ m (DFO 2009b).  Off 
northern Labrador, exploratory fishing ventures revealed that best catches using otter trawls were taken 
at depths of 100 to 250 m at bottom temperatures ranging from -1.4 to 0.6°C (DFO 2009b).  Off 
southern Labrador and northern Newfoundland, catches were smaller and mainly taken at depths ranging 
from 200 to 300 m and at bottom temperatures of -1.2 to 3.6°C.  During autumn the fish have been 
observed to congregate in large numbers and move into coastal waters.  Temperatures ranging from of 0 
to 4°C are believed to be optimal for Arctic cod survival although the species has been found in waters 
<0°C and frequently near drifting ice (DFO 2009b). 
   
The stock structure of Arctic cod in the NW Atlantic is not known, but it is assumed that most of the 
adult stock(s) may reside on the northern Labrador shelf or even further north (Lilly et al. 1994).  In 
northern Canadian waters, spawning is believed to occur in late autumn and winter under ice cover 
(DFO 2009b).  Larvae may be transported with the Labrador Current south to the southern Labrador and 
NE Newfoundland shelves, where mainly one and two year old Arctic cod are found (Lilly et al. 1994).   
 
The Arctic cod is generally of low commercial interest to Canadian fishermen due to its small size and 
relatively low abundance (Scott and Scott 1988; DFO 2009b); however, large numbers have been 
obtained off Labrador by Soviet trawlers as a bycatch in the offshore capelin fishery (DFO 2009b).  The 
Arctic cod is an extremely important component of the Arctic food web (Lear 1983) and an important 
seasonal food supply for marine mammals, seabirds, and fishes that inhabit the area (Scott and Scott 
1988).  In turn, Arctic cod are the main consumers of plankton in the Arctic seas.  Depending on age and 
body size, Arctic cod are known to feed on various stages of copepods and amphipods in addition to 
euphausiids, arrow worms (chaetognaths), and smaller members of their own kind (DFO 2009b).     
 
Sand Lance 
 
Sand lance (Ammodytes spp.) is a small planktivorous fish found on sandy seabeds.  It is a pelagic 
species that forms varying sized dense schools feeding throughout the water column, but also spends a 
portion of each day buried in the sandy seabeds.  It is found in the N Atlantic from Greenland to the Gulf 
of St. Lawrence and is typically found at depths of less than 100 m (Scott and Scott 1988; DFO 2004a).  
The species of sand lance present in the Labrador Shelf SEA Area is the northern sand lance (A. dubius); 
however, there is speculation about whether there are one or two species of sand lance in the SEA Area 
(DFO 2004a).  It is generally accepted that the offshore, northern species is A. dubius and the inshore 
species A. americanus (= A. hexapterus), but the characteristics of the two species overlap (DFO 2004a).  
It co-occurs over much of its range with the American sand lance (A. americanus) (Scott and Scott 
1988).  There is no information available regarding the time of spawning in the Labrador Shelf SEA 
Area, but in general, sand lance spawn demersally during winter months in shallow waters (DFO 
2004a).  This species is not commercially fished, but is an important part of the marine food-web as it is 
a food source for marine mammals, seabirds, and several species of fish, including cod. 
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Cusk 
 
Cusk (Brosme brosme) is discussed in Section 4.6 on Species at Risk.  Although not designated on 
Schedule 1 of SARA, cusk is currently considered as threatened under COSEWIC. 
 
Spinytail Skate 
 
Spinytail skate (Bathyraja spinicauda) is discussed in Section 4.6 on Species at Risk.  Although not 
designated on Schedule 1 of SARA, spinytail skate is currently considered a mid priority candidate 
species under COSEWIC. 
 
Spiny Eel 
 
Spiny eel (Notacanthus chemnitzi) is discussed in Section 4.6 on Species at Risk.  Although not 
designated on Schedule 1 of SARA, spiny eel is currently considered a mid priority candidate species 
under COSEWIC. 
 
Roundnose Grenadier 
 
Roundnose grenadier (rock grenadier; Coryphaenoides rupestris) is discussed in Section 4.6 on Species 
at Risk.  Although not designated on Schedule 1 of SARA, roundnose grenadier is currently considered 
as endangered under COSEWIC. 
 
Roughhead Grenadier 
 
Roughhead grenadier (Macrourus berglax) is discussed in Section 4.6 on Species at Risk.  Although not 
designated on Schedule 1 of SARA, roughhead grenadier is currently considered as special concern 
under COSEWIC. 
 
Atlantic Salmon 
 
Atlantic salmon (Salmo salar) is an anadromous fish that lives in fresh water for the first two years of 
life before migrating to sea.  It can spawn repeatedly, as opposed to most species of Pacific salmon 
(Onchorhynchus spp.), which typically die after one spawning (Schaffer 1974 in O’Connell et al. 2006; 
Flemming and Reynolds 2004 in O’Connell et al. 2006).   
 
Atlantic salmon return to their natal rivers or tributaries for spawning.  Both post-smolt (juvenile) and 
adult salmon migrate from NE North America in the spring and summer to waters off Labrador to 
overwinter.  During these migrations, Atlantic salmon appear to transit the Study Area in early to mid-
summer and late summer to fall (Reddin 2006).  While at sea, adult salmon spend a considerable amount 
of time in the upper portion of the water column (Reddin 2006).  Tagging studies of post-smolts indicate 
that they spend most of their time near the surface but at times dive deeply, likely in search of prey 
(Reddin et al. 2006).   
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While still in the river, post-smolts mainly eat aquatic insect larvae including caddisflies and blackflies.  
Adults at sea consume euphausiids, amphipods and fishes such as herring, capelin, small mackerel, sand 
lance and small cod.  When salmon return to fresh water to spawn, they likely do not eat (Scott and Scott 
1988).  Causes of at-sea mortality of salmon are poorly understood (Reddin 2006) but it is known that 
they are prey for seals, sharks, pollock, and tuna (Scott and Scott 1988).   
 
There are 15 Atlantic salmon management areas, known as Salmon Fishing Areas (SFAs), in 
Newfoundland and Labrador (DFO 2008d).  SFAs 1, 2 and 14B occur in Labrador and these areas have 
important large salmon components that contain a mixture of maiden fish that have spent two (2 sea-
winter or SW) or more years (multi-sea-winter or MSW) at sea before spawning and repeat spawners 
which are returning for a second or subsequent spawning. The Study Area is located within SFA 1. 
 
Commercial salmon harvesting ceased in 1998 although angling in freshwater and an Aboriginal 
subsistence fishery still occur (Reddin et al. 2006).  The latter, which has seen landings increase from 
16 metric tonnes (mt) in 2000 to 32 mt in 2005 and 2006, is undertaken by three groups consisting of the 
Nunatsiavut Government (formerly the Labrador Inuit Association or LIA), the Labrador Métis Nation, 
and the Innu Nation (Reddin et al. 2006).  According to DFO (2008d), large salmon (maiden 2SW 
salmon) appear to be decreasing in Labrador similar to declines experienced in other areas of Eastern 
Canada and Europe (DFO 2008d).  In 2007, there was no change in returns (<10%) of small and large 
salmon in SFA 1 compared to 2006.  However, when compared to their respective previous 7 year 
means, small salmon returns were observed to increase while large salmon returns decreased (DFO 
2008d). 
 
The status of Altantic salmon is currently being assessed by COSEWIC.     
 
Arctic Char 
 
Arctic char (Salvelinus alpinus) has a circumpolar distribution in the northern hemisphere. It is either 
anadromous or resident freshwater fish, with a higher predominance of resident fish further south, while 
anadromous populations are common in northerly regions. In Labrador, anadromous populations 
increase in frequency with latitude as they are replaced by sea-run brook char and Atlantic salmon in 
southern areas (DFO 2001). 
 
Seaward migration for northern Labrador Arctic char commences with spring runoff and ice break-up in 
coastal rivers. Migrations consist of both first-time and repeat migrants with first time migrants being 
between two to seven years and 10 to 20 cm in length.  Seaward migration for Arctic char is short and 
irregular, with both juveniles and adults spending only one to four months at sea before returning to 
fresh water.  Ocean migrations are also spatially limited, with few Arctic char moving less than 100 km 
from home rivers, mostly along shore. The return migrations occur from July to September, with large, 
mature char returning first, followed by non-mature adults then juveniles (DFO 2007b). 
 
Northern Labrador Arctic char mature at younger ages and smaller sizes than other char stocks from 
northern Canada (DFO 2001). Spawning takes place in the fall, commencing by mid-October, and 
occurs in either lakes or streams and is not dependent on any particular substrate.  Females lay 
approximately 290 eggs per 100 g of body mass.  Growth rates are slow during the freshwater stage of 
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the life cycle, with the adult size-at-age being highly variable, dependent upon age of first sea migration 
and the number of migrations the char has taken.  In Labrador, females begin to mature at approximately 
six years, with most individuals spawning at least once by the age of nine. 
 
Arctic char are opportunistic predators while at sea, with diet varying over spatial areas. Sand lance, 
capelin, sculpins and hyperiid amphipods are the four main species of prey for Arctic char within 
Labrador Shelf waters (DFO 2001). 
 
4.2.2 Macroinvertebrate and Finfish Reproduction in the Study Area 
 
Temporal and spatial reproduction specifics for macroinvertebrates and fishes that occur in the Study 
Area are provided in Table 4.1. 
 
4.2.3 DFO Research Vessel Survey Data 
 
Data collected during 2002 to 2008 spring and fall DFO RV surveys in areas of NAFO Division 2H and 
2J that occur within the Study Area were analyzed according to depth range.  Catch weights and 
numbers of individuals were analyzed for seven mean depth ranges including the following: (1) 100 to 
200 m, (2) 201 to 300 m, (3) 301 to 400 m, (4) 401 to 500 m, (5) 501 m to 600 m, (6) 601 m to 700 m, 
(7) >700 m.  Virtually all of the catches were on the slope and shelf, but this is likely at least partly due 
to the fact that the research vessels do not typically sample deeper than slope waters.  
 
4.2.3.1   Mean Water Depth 100 to 200 m 
 
Survey catches in areas of the 2HJ Shelf where average depths ranged between 100 m and 200 m were 
dominated by unspecified shrimp (including northern shrimp), Arctic cod, mailed sculpins, unspecified 
invertebrates, and Greenland halibut in terms of catch weight.  Arctic cod, mailed sculpins, and northern 
alligatorfish were numerically dominant at this depth range. 
 
4.2.3.2 Mean Water Depth 201 to 300 m 
 
Survey catches in areas of the 2HJ Slope where average depths ranged between 201 m and 300 m were 
dominated by unspecified shrimp (including northern shrimp), redfish spp., Greenland halibut, 
unspecified invertebrates, and Atlantic (striped) wolfish in terms of catch weight.  Unspecified shrimp, 
redfish spp., and arctic cod were numerically dominant.   
 
4.2.3.3 Mean Water Depth 301 to 400 m 
 
Survey catches in areas of the 2HJ Slope where average depths ranged between 301 m and 400 m were 
dominated (by weight) by unspecified shrimp, redfish spp., Greenland halibut, jellyfish (Scyphozoan 
spp.), and unspecified invertebrates.  The survey catch numbers at these depths were dominated by 
redfish spp., lanternfish, and hookear sculpins. 
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Table 4.1 Reproduction specifics of macroinvertebrate and fish species known or likely to 
reproduce within or near the Study Area. 

 

Species Locations of Reproductive Events 
Times of Reproductive 

Events 
Duration of Planktonic 

Stages 
Snow crab On banks and possibly along some upper 

slope regions over the extent of its 
distribution 

Mating in early spring 
 
Fertilized eggs carried by 
female for 2 years and larvae 
hatch in late spring/early 
summer

12 to 15 weeks 

Northern shrimp On banks and in channels over the extent 
of its distribution 

Spawning in late summer/fall 
 
Fertilized eggs carried by 
female for 8 to 10 months and 
larvae hatch in the spring 

12 to 16 weeks 

Redfish Primarily along edge of shelf and banks, 
in slope waters, and in deep channels 

Mating in late winter and 
release of young between April 
and July (peak in April) 

 
No planktonic stage  
 

Atlantic cod Spawn along outer slopes of the shelf in 
depths from tens to hundred of metres 

March to June 10 to 12 weeks 

Greenland halibut Spawning grounds extend from Davis 
Strait (south of 67°N) to south of 
Flemish Pass between 800 m and 
2,000 m depth 

Winter months Uncertain 

Skates Uncertain Year-round N/A 

American plaice Spawning generally occurs throughout 
the range the population inhabits. 

April to May 12 to 16 weeks 

Cusk Uncertain May to August 
Presumed to be 4 to 16 
weeks 

Porbeagle shark 
Very little known about the location of 
the pupping grounds  

Mating in late summer and 
pupping during the winter 

N/A 

Wolffishes Likely along the slope regions September to November Uncertain 

Roundnose 
grenadier 

Uncertain Uncertain Uncertain 

Roughhead 
grenadier 

Uncertain Winter/early spring Uncertain 

Sand lance Shallow waters Winter Uncertain 

Capelin 
Spawning generally on beaches or in 
deeper waters  

Late June to early July Several weeks 

Atlantic salmon Spawn in freshwater October to November Several weeks in freshwater 

Arctic char Spawn in freshwater October to November Several weeks in freshwater 
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4.2.3.4 Mean Water Depth 401 to 500 m 
 
Survey catches in areas of the 2HJ Slope where average depths ranged between 401 m and 500 m were 
dominated by redfish species, Greenland halibut, unspecified shrimp, unspecified invertebrates, and 
jellyfish (Scyphozoans).  The survey catch numbers at these depths were dominated by redfish spp., 
lanternfish, and Greenland halibut. 
 
4.2.3.5 Mean Water Depth 501 to 600 m 
 
Survey catches in areas of the 2HJ Slope where average depths ranged between 501 m and 600 m were 
dominated by redfish species, Greenland halibut, jellyfish (Scyphozoans), roughhead grenadier, and 
unspecified invertebrates in terms of catch weight.  The survey catch numbers at these depths were 
dominated by lanternfish, redfish spp., and roundnose grenadier. 
 
4.2.3.6 Mean Water Depth 601 to 700 m 
 
Survey catches in areas of the 2HJ Slope where average depths ranged between 601 m and 700 m were 
dominated by redfish spp., roundnose grenadier, unspecified invertebrates, blue hake, and roughhead 
grenadier in terms of catch weight.  The survey catch numbers at these depths were dominated by 
lanternfish, roundnose grenadier, and blue hake. 
 
4.2.3.7 Mean Water Depth >700 m 
 
Survey catches in areas of the 2HJ Slope where average depths exceeded 700 m were dominated by 
Greenland halibut, blue hake, unspecified sponge, roundnose grenadier, and roughhead grenadier in 
terms of catch weight.  The survey catch numbers at these depths were dominated by lanternfish, 
unspecified sponge, and blue hake. 
 

4.3 Commercial Fisheries 
 
This section provides a description of the commercial fisheries within and adjacent to the Study Area.  
In particular, it presents a historical overview of past (1988 to 2008) harvesting activities, a more 
detailed analysis of harvesting data for the 2006 to 2008 fishing seasons, and describes expected fish 
harvesting activities in the areas in the foreseeable future.  Figure 4.1 shows the Study and Project areas 
in relation to regional fisheries management areas.  As this map indicates, the Study Area falls within 
NAFO Divisions 2H (Unit Areas 2Hb, 2Hc, 2He, and 2Hf) and 2J (Unit Area 2Jb).  This section also 
briefly describes any recreational fisheries, traditional fisheries and aquaculture activity in the Study 
Area. 
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Figure 4.1 Study and Project Areas in relation to Regional Fisheries Management Areas. 
 
4.3.1 Data Sources 
 
The fisheries data analyses use DFO Newfoundland Region (Newfoundland and Labrador), Maritimes 
Region (New Brunswick and Nova Scotia Atlantic coasts), Gulf Region (Prince Edward Island, and 
New Brunswick and Nova Scotia Gulf coasts), and Quebec Region (Gulf and St. Lawrence River) 
georeferenced catch and effort datasets.  The DFO datasets record domestic harvest and foreign harvest 
landed in Canada.  The time period used for analyses was 1988 to 2008.  Landings data for 2009 were 
not available at the time of writing.   
 
The DFO data are georeferenced in two ways: by latitude and longitude (degrees and minutes) of the 
gear set location, and by the Unit Area in which the catch was harvested. While much of the harvest 
carries the latitude and longitude information (99% by weight for all of NAFO Division 2H in 2008), 
virtually all the data carry a Unit Area designation.  Georeferencing by latitude and longitude allows the 
mapping of specific harvesting locations.  Areas farther from shore, fished generally by larger boats, 
tend to have a greater proportion of their catch georeferenced, while those closer to shore have less.  
Also, certain inshore species (e.g., lobster) are not georeferenced, while the GPS coordinates of the 
harvesting locations of deep water species (e.g., snow crab) are usually reported.  
 
The Unit Area designation allows all the harvesting data to be tabulated according to these fisheries 
management sub-zones. The Unit Areas that most closely approximate the Study Area occur in Unit 
Areas 2Hb, 2Hc, 2He, 2Hf, and 2Jb (see Figure 4.1).  These are used in the Study Area Unit Area 
analysis for this report.  It is important to note that some of the Unit Areas occur only partially within 
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the boundaries of the SEA Area.  For these Unit Areas, the harvesting locations occurring outside of the 
Study Area were excluded from analysis for the detailed overview of the 2006 to 2008 fishing seasons.   
 
The maps in the sections that follow show harvesting locations, based on the latitude and longitude 
(lat/long) data, as dark points.  The points are not “weighted” by quantity of harvest, but show where 
fishing effort was recorded. Such location data have been groundtruthed with fishers in many 
consultations (see Consultation Report, Appendix 1).  They have proven to be particularly useful for 
Operators in understanding the likely location of gear concentrations and timing of fisheries in order to 
eliminate or minimize potential mutual interference. Similar maps were also presented to area fishers 
during the consultations for this EA (see Consultation Report, Appendix 1) and were found to be a good 
representation of fishing areas and patterns.  
 
In most instances, the information used to characterize the fisheries in this EA presents quantities of 
harvest rather than harvest values. Quantities are directly comparable from year to year, while values 
(for the same quantity of harvest) may vary annually with negotiated prices, changes in exchange rates 
and fluctuating market conditions. Prices paid may also vary from month to month and from area to 
area. Although some species vary greatly in price (e.g., snow crab vs. herring), in terms of interference 
between exploration activities and fisheries, it is the level of fishing effort and gear utilized (better 
represented by quantities of harvest) that is more important.  Values are important in the case of a gear 
damage incident, and would be carefully evaluated at that time, based on then-current numbers, to 
calculate compensation (e.g., an impact mitigation during an exploration project). 
 
Fisheries consultations were conducted with representatives of FFAW, DFO, One Ocean, and individual 
fishers living within the Study Area.  The consultations gather information about area fisheries and to 
determine any issues or concerns to be considered in the EA.  Other sources consulted for this 
assessment include DFO species management plans, stock status reports, and the C-NLOPB SEA 
reports (e.g., Labrador Shelf SEA) (see Consultation Report, Appendix 1). 
 
4.3.2 Overview  
 
This section provides an overview of the commercial fisheries within and/or adjacent to the Study Area. 
The first part provides the historical context, based largely on DFO data for NAFO Unit Areas 2Hb,c,e,f 
and 2Jb for the period of 1988 to 2008.  The second part of this fisheries overview section provides 
similar recent information for the georeferenced (lat/long) data specifically recorded within the Study 
Area and Project Area for 2006 to 2008, and maps the locations of these fisheries for that period.  The 
section following these (Principal Species) provides more detailed information on the important regional 
fisheries.  
 
4.3.3 Historical Fisheries (Adjacent Unit Areas) 
 
Commercial fish harvesting in many parts of Newfoundland and Labrador has changed considerably 
over the last two decades, shifting from a groundfish-based industry to primarily crustacean harvesting.  
In the early 1990s, a harvesting moratorium was imposed on several commercially important groundfish 
species and directed fisheries for Atlantic cod and other groundfish were no longer permitted in most 
areas. 
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The Labrador Shelf fisheries were not exceptions to this trend (see the Labrador Shelf SEA).  After large 
groundfish catches in NAFO Divisions 2G, 2H, and 2J in the 1970s and 1980s, the fishery was 
considerably reduced in the early 1990s at the time of the moratorium.  Since then, much lower quotas 
have been allowed, varying over the years based in scientific advice and other considerations.  Overall, 
the Labrador Shelf groundfish fishery has become greatly reduced while the invertebrate fisheries have 
grown substantially in importance.  Invertebrate catches, most notably northern shrimp, have become 
increasingly important for the Unit Areas found within the Study Area, particularly since the mid-1990s 
(Figure 4.2).  In 1988, the fisheries largely targeted northern shrimp, Atlantic cod, and Greenland halibut 
(Table 4.2).  Northern shrimp and Greenland halibut remain important target species in 2008; however, 
snow crab replaced Atlantic cod as a principal species (Table 4.2).  
      

 
 

Figure 4.2 Study Area (main UAs) harvest, groundfish vs. invertebrate, 1988 to 2008. 
 
Table 4.2 Study Area (main UAs) quantity of harvest by species, all months, 1988 vs. 2008. 
 

Catch Weight (t) 
Species Name 

1988 % of Total 2008 % of Total 

Atlantic cod 1,165.2 18.9% 0.0 0.0%

Redfish 5.3 0.1% 0.0 0.0%

Atlantic halibut 0.2 0.0% 0.0 0.0%

American plaice 0.3 0.0% 0.0 0.0%

Greenland halibut 66.0 1.1% 150.3 1.4%

Flounders, unspecified 0.0 0.0% 0.2 0.0%

Wolffish 2.0 0.0% 0.0 0.0%

Northern shrimp 4917.3 79.9% 10,316.3 93.7%

Snow crab 0.0 0.0% 539.3 4.9%

Striped shrimp 0.0 0.0% 3.6 0.0%

Grand Total 6,156.3 100.0% 11,009.8 100.0%
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4.3.4 Study Area Commercial Fisheries 2006 to 2008 
 
The 2006 to 2008 domestic harvests recorded from within the Study Area and Project Area are shown in 
Tables 4.3 and 4.4, respectively.  As indicated, the principal fisheries (by quantity of harvest) within the 
Study Area are for northern shrimp (98.2%), snow crab (1.5%), and Greenland halibut (0.3%).  The 
same three species dominated commercial harvests in the Project Area over the same time period.  It 
should be noted that some species with georeferenced catch locations were omitted from Tables 4.3 and 
4.4 because catch weight data were not provided in the DFO commercial landings data.  The omitted 
species include Atlantic cod, redfish, American plaice, skate, wolffish (striped and spotted), unspecified 
groundfish, capelin, and king crab.  Some of these species may have been bycatch of the shrimp fishery 
and discarded at sea (hence never landed) or part of unsuccessful gear retrievals where catch location 
was recorded but not catch weight (E. Sabas, pers. comm.).  
 
Table 4.3 Study Area quantity of harvest by species, all months, 2006 to 2008. 
 

Catch Weight (t) 
Species 

2006 2007 2008 Average Total % of Total 

Greenland halibut 63.3 2.6 0.0 22.0 66.0 0.3%

Flounders, unspecified 0.0 0.0 0.2 0.1 0.2 0.0%

Northern shrimp 7,080.3 10,860.2 4,244.5 7,395.0 22,185.0 98.2%

Snow crab 34.3 192.8 104.9 110.7 332.0 1.5%

Striped shrimp 0.0 0.4 0.1 0.2 0.5 0.0%

Total 7,177.9 11,056.0 4,349.6 7,527.9 22,583.6 100.0%
Source:  DFO commercial landings database, All Atlantic Regions, 2006 to 2008. 

 
Table 4.4 Project Area quantity of harvest by species, all months, 2006 to 2008. 
 

Catch Weight (t) 
Species 

2006 2007 2008 Average Total % of Total 

Greenland halibut 0.0 2.6 0.0 0.9 2.6 0.0%

Flounders, unspecified 0.0 0.0 0.1 0.0 0.1 0.0%

Northern shrimp 2,690.9 3,697.6 1,442.3 2,610.2 7,830.7 97.0%

Snow crab 34.3 183.7 18.0 78.7 236.0 2.9%

Total 2,725.2 3,883.9 1,460.3 2,689.8 8,069.4 100.0%
Source:  DFO commercial landings database, All Atlantic Regions, 2006 to 2008. 

 
4.3.4.1 2006 to 2008 Domestic Harvesting Locations 
 
Figures 4.3 to 4.5 indicate georeferenced harvesting locations in relation to the Study and Project Areas 
for all species, all months, for 2006 to 2008.  As the maps indicate, most of the fish harvesting occurs in 
the northern part of the Study and Project areas, most notably in the Hopedale Saddle located between 
Nain and Makkovik Banks.  There is very little domestic harvesting occurring in the remainder of the 
Study and Project Areas.  A comparison with fisheries maps in the Labrador Shelf SEA indicates that 
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most of these locations are highly consistent from year to year.  Consultation meetings with local 
stakeholders indicate that four to five fishing vessels operate in Chevron’s lease area.   
 

 
 

Figure 4.3 Domestic harvesting locations, all species, all months, 2006. 
 

 
Figure 4.4 Domestic harvesting locations, all species, all months, 2007. 
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Figure 4.5 Domestic harvesting locations, all species, all months, 2008. 
 
4.3.4.2 Timing of the Harvest 
 
Timing of the harvest within the Study Area over the past few years (2006 to 2008) is indicated in 
Figures 4.6 and 4.7. 
 
In both areas, overall harvesting effort was highest in May to October and lowest during late fall and 
winter, except for January.  However, the timing of the harvests can vary from year to year with 
resource availability, fisheries management plans, and enterprise harvesting strategies. 
 

 
Figure 4.6 Study Area quantity of harvest by month, 2006 to 2008. 
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Figure 4.7 Project Area quantity of harvest by month, 2006 to 2008. 
 
Consultation meetings with local stakeholders in Labrador (e.g., fishermen, Torngat Fish Producers Co-
operative Society Ltd.) indicated that most fishing generally occurs from late June through July because 
this period has the best weather for working offshore.  June 14 was the earliest date when fishing is 
conducted by local harvesters.  According to members of the Torngat Fish Producers Co-operative 
Society Ltd, fishing in the lease area typically occurs from late July to the end of August.  Late August 
to mid-September is typically a period of poor weather for fishing (and seismic surveying). 
 
Figures 4.8 to 4.19 show the location of the domestic harvest for all species by month for 2006 to 2008, 
aggregated. 

 
Figure 4.8 Domestic harvesting locations, all species, January, 2006 to 2008 aggregated. 
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Figure 4.9 Domestic harvesting locations, all species, February, 2006 to 2008 aggregated. 
 

 
 

Figure 4.10 Domestic harvesting locations, all species, March, 2006 to 2008 aggregated. 
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Figure 4.11 Domestic harvesting locations, all species, April, 2006 to 2008 aggregated. 

 
 

Figure 4.12 Domestic harvesting locations, all species, May, 2006 to 2008 aggregated. 
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Figure 4.13 Domestic harvesting locations, all species, June, 2006 to 2008 aggregated. 

 
 

Figure 4.14 Domestic harvesting locations, all species, July, 2006 to 2008 aggregated. 
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Figure 4.15 Domestic harvesting locations, all species, August, 2006 to 2008 aggregated. 
 

 
 

Figure 4.16 Domestic harvesting locations, all species, September, 2006 to 2008 aggregated. 
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Figure 4.17 Domestic harvesting locations, all species, October, 2006 to 2008 aggregated. 
 

 
 

Figure 4.18 Domestic harvesting locations, all species, November, 2006 to 2008 aggregated. 
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Figure 4.19 Domestic harvesting locations, all species, December, 2006 to 2008 aggregated. 
 
4.3.4.3 Fishing Gear 
 
For the most part, the fishing gear used in the Study Area in 2006 to 2008 reflects the species being 
exploited (Tables 4.5 and 4.6).  In both areas, shrimp trawls target northern shrimp, crab pots target 
snow crab, and gillnets harvest Greenland halibut.  Shrimp trawl, a mobile gear, accounted for at least 
97% of the harvesting gear by quantity of catch in the Study Area.  The fixed gears (pots and gillnets) 
comprised 2.9% or less of the overall harvest.  Fishing gear descriptions are provided in Subsection 
4.10.2.3 of the Labrador Shelf SEA.  
 
In general, the fixed gears have a much greater potential for interacting with marine activities than 
mobile gears, since the former are hard to detect when there is no fishing vessel near by, and they may 
be set out over long distances in the water.  In the case of a spill, for instance, fixed gear is much more 
difficult to be moved out of the way. 

 
Figures 4.20 and 4.21 show the locations of fixed and mobile gear harvesting locations during 2006 to 
2008, aggregated. 
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Table 4.5 Study Area landings by gear type, all months, 2006 to 2008. 
 

Catch Weight (t) 
Gear Type 

2006 2007 2008 Average Total % Total 

Shrimp trawl 7,080.3 10,860.6 4,244.7 7,395.2 22,185.6 98.2

Gillnet (set or fixed) 63.3 2.6 0.0 22.0 66.0 0.3

Pot  34.3 192.8 104.9 110.7 332.0 1.5

 Total 7,177.9 11,056.0 4,349.6 7,527.9 22,583.6 100.0

Source:  DFO commercial landings database, All Atlantic Regions, 2006 to 2008. 
 

Table 4.6 Project Area landings by gear type, all months, 2006 to 2008. 
 

Catch Weight (t) 
Gear Type 

2006 2007 2008 Average Total % 

Shrimp trawl 2,690.9 3,697.6 1,442.3 2,610.3 7,830.8 97.0

Gillnet (set or fixed) 0.0 2.6 0.0 0.9 2.6 0.0

Pot  34.3 183.7 18.0 78.7 236.0 2.9

 Total 2,725.2 3,883.9 1,460.3 2,689.8 8,069.4 100.0

Source:  DFO commercial landings database, All Atlantic Regions, 2006 to 2008. 

 

 
 

Figure 4.20 Fixed gear harvesting locations, all species, 2006 to 2008 aggregated. 
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Figure 4.21 Mobile gear harvesting locations, all species, 2006 to 2008 aggregated. 
 
4.3.4.4 Principal Fisheries 
 
The following section provides information on the principal Study and Project Area fisheries as 
identified through DFO commercial landings database, previous EAs, and the Labrador Shelf SEA. 
 
Northern Shrimp 
 
The fishery for northern shrimp off the coast of Labrador began in the mid 1970s, primarily in the 
Hopedale and Cartwright Channels, before expanding north and south through the 1980s (DFO 2008a).  
Hopedale and Cartwright Channels, as well as the Study Area, occur in Shrimp Fishing Area (SFA) 5 
(DFO 2008a).  Northern shrimp has been the major fishery in the Project Area and Study Area over the 
last two decades.  Figure 4.22 shows the northern shrimp harvesting locations for 2006 to 2008, 
aggregated.  The average northern shrimp harvests by month for the 2004 to 2006 period for the Project 
and Study Areas are shown in Figures 4.23 and 4.24.  The shrimp resource off Labrador was recently 
assessed by Orr et al. (2009).  Catches within SFA 5 increased from 7,500 mt in 1994 to 1996 to 23,000 
mt in 2004 to 2005 and 2006 to 2007.  In 2007 to 2008 catches were 23,768 mt against a Total 
Allowable Catch (TAC) of 23,805 mt. Since 1996, catch-per-unit-effort (CPUE) has fluctuated above 
the long-term average. Biomass and abundance indices after 2000 have been somewhat higher than 
before 2000. Recruitment in the short-term, while uncertain, appears average and longer term prospects 
are unknown. The resource continues to be distributed over a broad area and the exploitation rate index 
remains low.  Recent catches have had no observable impact on shrimp abundance and biomass.      
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Figure 4.22 Northern shrimp domestic harvesting locations, 2006 to 2008 aggregated. 
 

 
 

Figure 4.23 Project Area quantity of northern shrimp harvest by month, 2006 to 2008 averaged. 
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Figure 4.24 Study Area quantity of northern shrimp harvest by month, 2006 to 2008 averaged. 
 
Snow Crab 
 
Snow crab is the second most important commercial species in the Study Area.  Figure 4.25 shows the 
snow crab harvesting locations for 2006 to 2008 aggregated.  Figures 4.26 and 4.27 show the average 
harvest by month for 2006 to 2008 in the Project and Study Areas.  The snow crab resource off 
Newfoundland and Labrador was recently assessed by DFO (2009a) (see also Dawe et al. 2009).  
According to DFO (2009a), a commercial TAC (100 t) was first established in Division 2H in 2008 and 
landings totaled 140t.  The exploitable biomass has decreased in recent years.  The post-season trawl 
survey exploitable biomass index doubled between 2004 and 2006, but has decreased by 66%.  
Recruitment has decreased in Div. 2H since 2004 and is expected to be low over the next several years.  
DFO (2009a) suggested that the current level of fishery removals would likely result in an increased 
exploitation rate during 2009.      
 
During consultation meetings, local stakeholders indicated that snow crab is fished from June to the end 
of August.  In addition, the harvest locations shown in Figure 4.25 were confirmed by local 
stakeholders.  It was also noted that crab fishing typically occurs from 54°40’N to 55°20’N in June.   
 
In 2008, a 100 mt snow crab quota was set for NAFO Division 2H south of the 55°50’N latitude line and 
a 100 mt exploratory allocation was set for 2H north of the 55°50’N latitude line (Brothers and Coffey 
2009).  The 100 mt quota was quickly taken. Following a request from crab harvesters, and other 
stakeholders, DFO transferred 50 mt of the northern exploratory allocation to south of 55°50’N latitude 
line.  This was also quickly taken.  The crab harvesters who fished north of the 55°50’N latitude line in 
2008 reported poor catch rates. 
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Figure 4.25 Snow crab domestic harvesting locations, 2006 to 2008 aggregated. 
 

 
 
Figure 4.26 Project Area quantity of snow crab harvest by month, 2006 to 2008 averaged. 
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Figure 4.27 Study Area quantity of snow crab harvest by month, 2006 to 2008 averaged. 
 
Following the commercial crab fishery in 2008, crab harvesters, processors and other stakeholders in the 
Labrador crab fishery expressed an interest in having a snow crab resource survey carried out in 2H 
north of the commercial fishery grounds (Brothers and Coffey 2009).  In response to this interest, the 
Torngat Joint Fisheries Board (TJFB) planned and conducted an exploratory snow crab survey in 2H in 
July to August 2009.  The purpose of this exploratory survey was to determine the commercial 
distribution and abundance of snow crab in areas north of the existing commercial crab fishing grounds 
off Labrador. The survey was planned and conducted in close cooperation with Labrador crab 
harvesters, Torngat Fish Producer’s Cooperative Society Limited, Nunatsiavut Government, Department 
of Fisheries and Aquaculture (DFA), and DFO. 
 
The exploratory snow crab survey covered a portion of 2H between Cape Harrigan (latitude 55°50’N) 
and Cape Kiglapait (latitude 57°00’N) (Brothers and Coffey 2009).  It extended from 12 to 100 n.mi. 
(~22 km to 185 km) offshore in water depths between 183 m and 640 m, and covered an area 
approximately 4,600 n.mi.2 (15,744 km2) in size. Nain Bank was excluded from the survey area.  Ten 
strings of crab pots with 20 pots/string (18 large mesh pots and two small mesh pots) were fished during 
the survey.  The survey area was divided into 128 units with each unit measuring 6 n.mi. by 6 n.mi. (36 
n.mi.2; 11.1 km by 11.1 km or ~123 km2).  One string of pots was planned to be set in each unit that was 
fished.  
 
While there were no commercial quantities of snow crab caught during the exploratory crab survey, 
there was some crab caught in 36 of the 73 strings hauled.   Most of the crab caught was just north of the 
existing commercial crab fishery off northern Labrador.  The commercial crabs were large and healthy.  
In 1995, DFO carried out a snow crab survey off northern Labrador (Taylor 1995 in Brothers and Coffey 
2009).  They reported that very few crabs were caught and the few that were caught were ‘graveyard 
crab’.  This was not the case during the 2009 exploratory survey.  The authors suggest the increased 
northerly catches were a good indication that the distribution and abundance of snow crab is gradually 
moving further north in Labrador waters.   
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It is of interest that many different species were incidentally captured during the exploratory snow crab 
survey in 2009 (Brothers and Coffey 2009).  In most strings, the catch weight and number of bycatch in 
a string exceeded snow crab, the directed species.  The bycatch species included northern wolffish, 
spotted wolffish, striped wolffish, hybrid (northern/spotted) wolffish, several species of starfish 
(including, but not limited to brittle stars, basket stars, crossaster, solaster, and asteria), thorny skate, sea 
sponges, Greenland halibut, northern stone crab, whelk, toad crab, silver rockling, several species of 
coral (soft, little tree, sea pen, etc.), sea urchin, hagfish, shrimp (Pandalus borealis and Lebbeus 
groenlandicus), sculpin, eelpout, hermit crab, sea lice, and sea cucumber. Most of the small bycatch 
species were caught in the small mesh pots. 
 
Greenland Halibut 
 
Greenland halibut made up the largest part of the groundfish in the Project Area from 2006 to 2008, 
though the total is small.  In both areas, the species is targeted with gillnets.  Figure 4.28 shows the 
Greenland halibut harvesting locations recorded for 2006 to 2008 aggregated.  The average Greenland 
halibut harvests by month for the 2006 to 2008 period for the Project Area are shown in Figures 4.29 
and 4.30, respectively.  Consultation meetings with local stakeholders confirmed that the Greenland 
halibut fishery starts August 1 each year.  In addition, stakeholders confirmed that Greenland halibut 
fishing typically occurs off Makkovik and north of Chevron’s lease area.   
 

 
 
Figure 4.28 Greenland halibut domestic harvesting locations, 2006 to 2008 aggregated. 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page 66  



 

 

 
 

Figure 4.29 Project Area quantity of Greenland halibut harvest by month, 2006 to 2008 
averaged. 

 
 

Figure 4.30 Study Area quantity of Greenland halibut harvest by month, 2006 to 2008 averaged. 
 
4.3.5 Traditional and Aboriginal Fisheries  
 
According to the Labrador Shelf SEA, Labrador waters are used extensively by local aboriginal peoples 
for traditional hunting and fishing.  The activities are spread widely throughout the region and vary by 
season.  The aboriginal people consider these activities as part of their culture and history and concerns 
were expressed in the public consultation sessions during the completion of the SEA report and through 
the process of collecting traditional knowledge over the impact that operations and/or accidental events 
may have on them.  Some of the activities and issues that were highlighted for the SEA Area are: 
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•  Fishing: the area is used extensively for fishing. Species noted were crab, rock cod 

(= Greenland cod), Atlantic cod, Arctic char, sculpin, mussels, clams, wrinkles, and sea 
urchins; 

•  Traditional uses such as egging and berry picking are conducted on the islands in coastal 
areas; 

•  Harlequin Duck, a threatened species migrates through the area; 
•  Ducks and geese are also hunted in the area; and,  
•  Traditional activities are well dispersed throughout the Labrador Shelf Area. 

 
Though not specified by the Labrador Shelf SEA, it is likely that most, if not all, of these activities occur 
in inshore waters outside of the Study Area. 
 
The traditional, or country food, harvesting activities occurring in the Labrador Shelf SEA Area are 
described in Section 4.10.6 of the Labrador Shelf SEA and include the harvest of invertebrate and fish 
(marine and anadromous) species and the hunting of seabirds, waterfowl, and marine mammals, 
particularly seals.      
 
Inuit have the right to harvest fish, wildlife, and plants throughout the Labrador Inuit Settlement Area at 
all times of the year up to their full level of needs for food, social and ceremonial (FSC) purposes 
(Nunatsiavut 2009).  Inuit are able to take as many fish as they need for their FSC purposes unless a 
total allowable harvest is established by the federal Minister of Fisheries for conservation purposes.  
   
If a total allowable harvest is set for a species or stock of fish, the Nunatsiavut Government will 
recommend an Inuit domestic harvest level for that species or stock (Nunatsiavut 2009).  The domestic 
harvest level will be the amount that Inuit need for their FSC purposes, and will come from information 
that is being collected from Inuit about their fishing, hunting and gathering activities.  The Nunatsiavut 
Government's recommendation must be accepted by the federal Minister of Fisheries unless it cannot be 
supported by information.  
 
When an Inuit domestic harvest level is established for a species or stock of fish, Inuit will be able to 
harvest up to the Inuit domestic harvest level for that species or stock (Nunatsiavut 2009).  If necessary, 
the Inuit domestic harvest level will be divided up amongst individuals or families by the 
Nunatsiavut Government.  The FSC species harvested are not listed by Nunatsiavut (2009); however, the 
Labrador Métis Nation, which has similar rights for FSC purposes, provides the harvesting regulations 
for several species on their website (LMN 2009).  Species harvested for FSC purposes include Atlantic 
salmon, Arctic char, trout, herring, smelt, scallop, and whelk.  Several seal species are hunted and 
include harp, grey, ringed, bearded, and hooded. Some examples of the birds harvested include geese, 
eiders, and gull eggs.   Various regulations exist for the harvest of different species for FSC use.  Smelt, 
for example, can only be harvested by angling and harvest limits are restricted to the amount required 
for FSC purposes.  The species can be harvested year-round in tidal waters from Fish Cove to Cape 
Charles.    
 
FSC or subsistence fisheries for Atlantic salmon and Arctic char occurring in Labrador waters are 
described by Reddin et al. (2008).  From 1999 to 2005, a FSC or subsistence fishery of 10 mt was 
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available for members of the Labrador Inuit Association (now known as the Nunatsiavut Government) 
in the north as well as the Lake Melville area, both located in SFA 1. The Innu Nation also fish for 
salmon in Lake Melville from the community of Sheshatshiu and on the north coast from the community 
of Natuashish. They generally restrict themselves to harvests of around 3 mt. Beginning in 2000 and 
continuing into 2005, residents of Labrador were able to fish in the sea for brook trout and Arctic char 
with a permitted bycatch of four salmon. In 2004 to 2005, members of the Labrador Métis Nation 
(LMN) on the south coast of Labrador negotiated a subsistence fishery of 10 mt with DFO in the area 
between Fish Cove Point and Cape St. Charles, located in SFA 2.  The total landings in the four fisheries 
for FSC or subsistence purposes, including the bycatch of salmon in the resident trout fishery, were 26 
mt in 2007, which was a slight decline from the 2006 landings.  Landings for 2008 subsistence harvest 
were unavailable when DFO (2009c) was prepared.  The Arctic char food fishery has a higher harvest 
than the Atlantic salmon food fishery harvest (DFO 2009c); however, the total number of char (and 
trout) landed in Labrador is unknown because there is no reporting system for fish caught either through 
the ice in the winter and spring or by recreational fishing in the summer (Reddin et al. 2008).  The total 
landings of Arctic char were also unavailable (DFO 2009c).  The recreational groundfish fishery for 
NAFO Div. 2J3KL has allocated a quota for FSC purposes for the Labrador Metis Nation and Innu in 
recent years.  In 2008, the FSC quota was 10 mt.   
 
The harvesting of country food can take many forms and today has incorporated many modern methods 
according to the Labrador Shelf SEA. The use of traditional ecological knowledge derived from 
generations of harvesting helps to identify the locale and timing of harvest activities that are tied to a 
particular target species’ migrations and resource use.  A variety of nets, traps and jigs are used to 
harvest fish, typically from inshore motor boats.  Marine mammals are hunted with the assistance of 
boats and snowmobiles.  Birds are hunted with rifles from land and water with the use of snowmobiles 
and boats. 
 
Traditionally, the outer edge of the landfast ice, the "sina", was usually the most productive zone 
accessible to Inuit hunters.  In the Nain and Hopedale areas, coastal islands shield the landfast ice from 
environmental impacts and the ice is subsequently locked in place, providing an extension of hunting 
and trapping areas up to 30 km from the coast (VBNC 1997 in the Labrador Shelf SEA).  For residents 
of Postville, smelt and capelin were caught only during spawning time.  Smelt are only caught near the 
head of the bays.  Bay capelin spawn on inside beaches, while outside capelin spawn on the beaches 
along the coast (Brice-Bennett 1977 in the Labrador Shelf SEA).  Salmon arrived on the coast in late 
June/early July and are caught using traps, nets, or jigged.  The importance of cod varied along the coast 
(Brice-Bennett 1977 in the Labrador Shelf SEA).  
 
Ringed seals are hunted near their breathing holes or in open water. After the break-up of ice in mid 
June, harp seals are hunted or netted as they enter the bays (VBNC 1997 in the Labrador Shelf SEA).  
Traditionally, char were speared as they migrated up the rivers.  Char and salmon were also caught by 
net along the coast.  In the spring, ice fishing camps can be found at the heads of bays (e.g., Anaktalak 
Bay). 
 
Information on country harvesting in Labrador was collected by traditional knowledge interviews, 
during public consultation meetings, and from literature sources for the Labrador Shelf SEA.  Using this 
information, the authors identified important country food and harvest areas.  None of the areas 
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identified occurred in offshore waters, including those within the Study Area.  However, the areas 
identified for many of the species discussed (capelin, various seal species, harbour porpoise, Atlantic 
white-sided dolphins, polar bears, and migratory birds) highlighted the importance of coastal waters 
(e.g., “The Zone” see Section 4.7) for traditional harvesting in Labrador. 
 
4.3.6 Recreational Fisheries 
 
Arctic char and Atlantic salmon were suggested to be important non-commercial species targeted by 
recreational fisheries in the Labrador Shelf Area (see the Labrador Shelf SEA).  Recreational fisheries 
directed at brook trout (Salvelinus fontinalis) also occur in Labrador waters.  These three anadromous 
species are typically harvested in freshwater or coastal marine waters, outside of the Study Area.  
Subsistence fisheries also occur for Atlantic salmon and Arctic char in Labrador waters (see Section 
4.3.5).    
 
Small recreational fisheries for Atlantic cod occur in Labrador Shelf waters with the majority of catches 
occurring within NAFO Division 2J according to the Labrador Shelf SEA. 
 
4.3.7 Aquaculture 
 
At present, there is no approved aquaculture site in the Labrador Shelf area, including the Study Area. 
 

4.4 Seabirds and Migratory Birds  
 
The Labrador Sea is rich in breeding and migratory seabirds.  There are 26 species of seabirds occurring 
regularly on the mid Labrador coast from Black Tickle to Nain (Table 4.7).  Among the countless 
islands along the coast, some provide suitable nesting conditions for colonies of gulls, terns, Common 
Eider and auks (Razorbill, Thick-billed Murre, Common Murre, Atlantic Puffin and Black Guillemot).  
There are three main concentrations of nesting auks, along the mid Labrador coast: (1) offshore islands 
south east of Nain, (2) Quaker Hat Island near Cape Harrison, and (3) Gannet Islands and Bird Island 
Groswater Bay/Table Bay (Figure 4.31).   These three island groups support more than 160,000 pairs of 
breeding seabirds.  More than 40% of the North American breeding population of Razorbill nests on this 
section of Labrador coast.  The Gannet Islands (including the Gannet Cluster) off Hamilton Inlet, the 
largest breeding seabird nesting colony in Labrador, supports more than 91,000 pairs of nesting seabirds 
in the summer (Table 4.8).  Colonies of terns (Arctic and Common) and gulls (Herring, Great Black-
backed, Ring-billed and Glaucous) and nesting Common Eider are scattered along the coast.     
 
Large numbers of Greater Shearwaters and Sooty Shearwaters migrate from breeding islands in the S 
Atlantic to spend the summer in Newfoundland and Labrador offshore waters. Three species of jaeger 
(Long-tailed, Pomarine and Parasitic) and two species of phalarope (Red and Red-necked) migrate 
through Labrador offshore waters between Arctic breeding grounds and mid latitude wintering grounds.  
Many of the 3.8 million Thick-billed Murres and up to 10 million Dovekies breeding in the eastern 
Canadian Arctic and Greenland winter off Labrador or cross it on the way to the Grand Banks and other 



 

Table 4.7 Monthly occurrence and abundance of seabirds on the mid Labrador coast. 
 
Species Scientific Name Abundance1 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Northern Fulmar Fulmarus glacialis Common  
Greater Shearwater Puffinus gravis Common   
Sooty Shearwater Puffinus griseus Uncommon   
Manx Shearwater Puffinus puffinus Scarce   
Leach’s Storm-Petrel* Oceanodroma leucorhoa Uncommon   
Northern Gannet Morus bassanus Uncommon   
Red-necked Phalarope* Phalaropus lobatus Uncommon   
Red Phalarope Phalaropus fulicarius Common   
Ring-billed Gull* Larus delawarensis Uncommon   
Herring Gull* Larus argentatus Common   
Iceland Gull Larus glaucoides Common   
Glaucous Gull* Larus hyperboreus Common   
Great Black-backed Gull* Larus marinus Common   
Black-legged Kittiwake* Rissa tridactyla Common   
Ivory Gull Pagophila eburnea Scarce  
Common Tern* Sterna hirundo Common   
Arctic Tern* Sterna paradisaea Common   
Great Skua Stercorarius skua Scarce   
Pomarine Jaeger Stercorarius pomarinus Uncommon   
Parasitic Jaeger Stercorarius parasiticus Uncommon   
Long-tailed Jaeger Stercorarius longicaudus Uncommon   
Dovekie Alle alle Common   
Common Murre* Uria aalge Common   
Thick-billed Murre* Uria lomvia Common   
Razorbill* Alca torda Common   
Black Guillemot* Cepphus grylle Common   
Atlantic Puffin* Fratercula arctica Common   
Source:  Brown (1986); Lock et al. (1994); Godfrey (1986).    
Notes:  Shaded fields indicate the months when species may be expected.   
 *Breeds on the mid Labrador coast 

1Common = likely present daily in moderate to high numbers; Uncommon = likely present daily in small numbers; Scarce = likely present regularly in very small 
numbers; Rare = usually absent, individuals occasionally present.   
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Source:  Bird Studies Canada and The Canadian Nature Federation. 2004. Important Bird Areas of 

Canada Database. Port Rowan, Ontario: Bird Studies Canada. Full metadata: 
http://birdmap.bsc-eoc.org/maps/metadata/caniba_poly.xml 

 
Figure 4.31 Important Bird Areas of the mid-Labrador coast.  
 
Table 4.8 Breeding pairs of seabirds at Important Bird Areas. 
 
 Number of Nesting Pairs 
 Southeast of 

Nain 
Quaker Hat Bird Island 

Northeast 
Groswater Bay 

Gannet 
Islands 

Totals 

Northern Fulmar - - - - 16 16 
Leach’s Storm Petrel - - present 10 20 30+ 
Herring Gull - - - present  present 
Glaucous Gull 350 - - - - 350 
Great Black-backed 
Gull 

- - 20 100 120 240 

Black-legged 
Kittiwake 

- - - - 113 113 

Common Murre 2,260 650 3,100 4,300 36,702a 47,012 
Thick-billed Murre 8,000 650 present 220 1,897a 10,767 
Razorbill 815 460 1,530 1,831 14,329a 18,526 
Black Guillemot 341 - - present 110 451 
Atlantic Puffin 12,240 2,100 8,070 21,450 38,666a 82,525 
Totals 24,006 3,860 12,720 27,911 91,973 160,470 
Source:  Important Bird Areas of Canada www.ibacanada.com a CWS unpublished data. 
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parts of southern Atlantic Canada.  Large numbers of sub-adult Northern Fulmars and Black-legged 
Kittiwakes from breeding colonies in the eastern Arctic and Europe spend early parts of their lives in the 
Labrador Sea. 
 
Offshore Labrador is a known wintering area for the Ivory Gull, a species designated as endangered on 
Schedule 1 of SARA and under COSEWIC.  Details on Ivory Gull are located in Section 4.6 on Species 
at Risk.  Waterfowl, shorebirds and other species found near or on the coast and not normally offshore 
are not covered in this report (see the Labrador Shelf SEA for information on coastal species).   
 
4.4.1 Important Bird Areas for Seabirds 
 
Important Bird Areas (IBAs) form a network of sites that conserve the natural diversity of Canadian bird 
species and are critical for the long-term viability of naturally occurring bird populations.  The Canadian 
IBA program was launched in 1996 by the Canadian Nature Federation (now Nature Canada) and Bird 
Studies Canada, the Canadian BirdLife partners (www.ibacanada.com).  The goal of the IBA program is 
to ensure the conservation of sites through the development and implementation of conservation plans in 
partnership with local stakeholders for priority IBAs.  There are 12 IBAs on the mid Labrador coast 
between 52°N and 57°N (Figure 4.31, Table 4.9).  Eight IBAs are important for waterfowl (see the 
Labrador Shelf SEA for details on coastal waterfowl).  Five of these were designated as IBAs because of 
significant numbers of nesting seabirds (Table 4.8).  These five IBAs contain more than 160,000 pairs of 
breeding seabirds of 11 species.  The Gannet Islands contain the largest seabird colony on the coast of 
Labrador with 14,329 pairs of Razorbills (about 33% of the North American breeding population), 
38,666 pairs of Atlantic Puffin, and 36,702 pairs of Common Murres (Table 4.8).    
 
Table 4.9 Important Birds Areas of the mid Labrador coast (52ºN to 57ºN). 
 

Name Location Highlights 

Bird Island, Cartwright 53.75°N, 56.09°W 
Nesting Atlantic Puffins, Common 
Murres and Razorbills. 

Tumbledown Dick Island and Stag 
Islands 

54.08°N, 57.18°W Moulting Harlequin Ducks. 

The Backway, Rigolet 54.11°N,  58.14°W Moulting Surf Scoters. 
Table Bay, Cartwright 53.66°N,  56.40°W Nesting Common Eiders. 

South Groswater Bay Coastline 54.20°N,  57.58°W 
Migrating Black Scoters and breeding 
Common Eiders. 

Quaker Hat Island 54.75°N,  57.33°W Nesting Razorbill and murres. 

Offshore Islands Southeast of Nain 56.42°N,  60.58°W 
Nesting Razorbills, Atlantic Puffins and 
murres. 

Northeast Groswater Bay 54.40°N,  57.30°W 
Nesting Razorbill, Atlantic Puffin and 
murres. 

Nain Coastline 56.50°N,  61.08°W Moulting Surf Scoters. 
Goose Brook, Hamilton Inlet 54.30°N,  58.25°W Staging Canada Geese. 

Gannet Islands 53.97°N,  56.53°W 
Nesting Razorbills, Atlantic Puffins, 
Common Murres and moulting 
Harlequin Ducks. 

Cape Porcupine 53.31°N,  57.04°W Staging Surf Scoters. 
Source: www.ibacanada.com. 
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4.4.2 Species Accounts 
 
Information on seabirds of the mid Labrador Coast is sparse.  The seabird colony at The Gannet Islands 
is studied annually by biologists.  There is updated information on the numbers of nesting murres on 
four islands southeast of Nain (Wilhelm and Duffy 2009).  Canadian Wildlife Service (CWS) shipboard 
surveys of seabirds conducted in Atlantic Canada between 1967 and 1994 provide the best available 
information on pelagic seabird abundance on the Labrador Shelf (Lock et al. 1994).  Seabird abundance 
(all species combined) derived from the CWS database in most of the few 15'N x 30'W blocks that have 
been surveyed in or near the Study Area during January to March show 0.1 to 9.99 birds/linear km 
(Figure 4.32).  During April to June, abundance ranged from 1.0 to 0.99 birds/linear km on the eastern 
edge of the Study Area and adjacent areas (Figure 4.32).  During July to September, abundance 
averaged 1.0 to 9.99 birds/linear km over much of the Labrador Shelf and the Study Area with one 
survey block on the northern edge of the Study Area showing an abundance of >100 birds/linear km 
(Figure 4.33).  October to December data are sparse but include a survey block just north of the Study 
Area with >100 birds/linear km (Figure 4.33).   
 
4.4.2.1 Procellariidae (Fulmar and Shearwaters) 
 
Fours species from this family occur regularly on the mid Labrador coast:  Northern Fulmar, Greater 
Shearwater, Sooty Shearwater and Manx Shearwater.  Northern Fulmar has a circumpolar distribution 
with the centre of breeding abundance in the N Atlantic including the Canadian Arctic, Greenland, 
Iceland and northeast Europe and Scandinavia.  Very few nest on the coast of Newfoundland and 
Labrador (Lock et al. 1994).  However, it is a common year around resident in eastern Newfoundland 
and Labrador waters outside of the pack ice (Lock et al. 1994).  The summer populations off eastern 
Newfoundland and Labrador are thought to be composed of sub-adults from northern breeding colonies.  
Banding records show that Northern Fulmars from breeding colonies in the Canadian Arctic, Greenland, 
and the British Isles regularly occur in Newfoundland and Labrador waters (Brown 1986; Lock et al. 
1994).  Five adult Northern Fulmars fitted with satellite transmitters at Cape Vera, Devon Island, 
Nunavut, during the breeding season spent most of December to March in the Labrador Sea between 
50ºN and 55ºN (Mallory et al. 2008).  This shows the importance of the Labrador Sea as a wintering 
area for the species.  Sixteen pairs are known to breed on Gannet Islands (Table 4.8).  In offshore areas, 
Northern Fulmar has been recorded in all months of the year in densities from <1 to >100 individuals 
per linear km (Brown 1986).   
 
Greater Shearwater breeds in the S Atlantic, mainly on the Tristan da Cunha Island and Gough Island.  
The adults are present at the breeding sites from October to April.  They spend the non-breeding season 
(April to October) in the N Atlantic.  A significant percentage of the total world population migrates to 
eastern Newfoundland and Labrador for the annual moult from June through August (Lock et al. 1994).  
Greater Shearwater can be expected at sea on the mid Labrador coast from June to October with the 
largest concentrations (10 to 100 indiv./linear km) occurring along the continental shelf edge (Brown 
1986).  Sooty Shearwater has a similar distribution to Greater Shearwater in that it nests in the Southern 
Hemisphere and some of the population flies to the Northern Hemisphere during the summer.  Sooty 
Shearwater usually occurs among the more numerous Greater Shearwater in Newfoundland and 
Labrador and during the same time period.   
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Figure 4.32 Average of combined species (number of individuals/linear km) by 15'N x 30'W.  

Top Panel: January to March, Bottom Panel: April to June. 
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Figure 4.33 Average of combined species (number of individuals/linear km) by 15'N x 30'W.  

Top Panel: July to September; Bottom Panel: October to December). 
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Most of the world population of Manx Shearwater breeds on islands in northwest Europe (Iceland, 
Scotland, Ireland, England, France) and The Azores and Canary Islands.  It winters in the SW Atlantic 
off eastern South America (Godfrey 1986).  The small population of Manx Shearwater present in 
Atlantic Canada during the summer months is probably a combination of Newfoundland breeders from 
Middle Lawn Island, Burin Peninsula and non-breeding sub-adults and migrants from European 
breeding colonies (Lee and Haney 1996).  Manx Shearwater is scarce along the Labrador coast, with 
sightings north to 57°N.   
 
4.4.2.2 Hydrobatidae (Storm-Petrels) 
 
Leach’s Storm-Petrel is the only species of the family Hydrobatidae occurring regularly off the Labrador 
coast.  Leach’s Storm-Petrel is a widespread and abundant species occurring in both the Atlantic and 
Pacific oceans.  In the Atlantic it breeds in northwest Europe (Iceland, Scotland and Norway) and in 
North America from southeast Labrador to Massachusetts (Huntington et al. 1996).  The centre of 
breeding in eastern North America is the Avalon Peninsula, Newfoundland where close to four millions 
pairs nest (Lock et al, 1994).  It is a scarce breeder in Labrador with ≥30 pairs known to breed along the 
mid Labrador coast (Table 4.8).  Leach’s Storm-Petrel is scarce in Labrador waters with 0 to >1 
individual per linear km recorded during on Hamilton Bank but none north of 55° N (Brown 1986).   
 
4.4.2.3 Sulidae (Gannets) 
 
Northern Gannet breeds in the N Atlantic in Quebec, Newfoundland, Iceland, Faeroe Islands and British 
Isles.  It winters along the coast from New Jersey to Florida and British Isles to the Azores.  Three of the 
five major Northern Gannet colonies in North America are located in Newfoundland at Cape St. Mary’s, 
Baccalieu Island and Funk, Island.  The Northern Gannet does not breed on the Gannet Island, Labrador.  
Gannets feed on small to medium size fish and squid over shelf waters avoiding deep water beyond the 
continental slope.  Labrador is north of the breeding colonies of Northern Gannet in Newfoundland.  It 
occurs regularly in small numbers on Hamilton Bank in April to October (Brown 1986). 
 
4.4.2.4 Phalaropodinae (Phalaropes) 
 
The Red-necked and Red Phalaropes occur in the marine environment of the Labrador coast during 
migration.  Both species migrate through Newfoundland and Labrador offshore waters en route between 
wintering areas in the S Atlantic and breeding grounds in the Arctic and sub-Arctic.  The Red-necked 
Phalarope nests on fresh water ponds in Labrador as far south as Groswater Bay (Godfrey 1986).  
Phalaropes are known to congregate in areas of upwelling and convergence particularly along the 
continental slope (Lock et al. 1994).  Both species of phalarope are probably widespread at sea off the 
mid Labrador coast, with areas of concentration possible at the continental shelf edge in the period late 
May to October.   
 
4.4.2.5 Laridae (Gulls and Terns) 
 
Herring, Ring-billed, Great Black-backed, Glaucous, Iceland, Ivory Gull and Black-legged Kittiwake are 
the species of gull occurring regularly in Labrador.  Herring and Great Black-backed Gull are common 
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and widespread breeders along the entire coast of Labrador.  They are absent during the depth of winter.  
Ring-billed Gulls nest locally in small colonies on the Labrador coast north to Voisey’s Bay.  Glaucous 
Gull is a northern species breeding south along the Labrador coast to 55°30’N.  It winters at sea, 
particularly among pack ice and near the ice edge south to insular Newfoundland.  Iceland Gull breeds 
north of Labrador with Baffin Island being the centre of abundance.  The species winters commonly 
south to Newfoundland and the Gulf of St. Lawrence.  It is a common migrant and wintering species in 
coastal Labrador.  Ivory Gull is listed as a Species at Risk.  See Section 4.6 for details.  In North 
America Ivory Gull breeds in the high Arctic and winters on sea ice between 50°N and 64°N (Godfrey 
1986; Haney and MacDonald 1995).  Precise estimates of the numbers wintering off the mid Labrador 
coast are not available, but the wintering population probably involves birds from Greenland and the 
Canadian Arctic.  It was never a very common bird.  Small, but significant numbers of Ivory Gull are 
probably present on the sea ice off the mid Labrador coast including the Study Area between December 
and May.  Black-legged Kittiwake is a true sea gull, spending all its life at sea except when it 
 has to nest on coastal islands.  It is a common resident in Newfoundland and Labrador waters remaining 
outside of the main pack ice in winter.  In Newfoundland and Labrador, it breeds in large colonies, 
mainly on the Avalon Peninsula.  Black-legged Kittiwake breeds in surprising small numbers on the 
Labrador coast.  The only individuals breeding on the mid Labrador coast are the 113 pairs on The 
Gannet Islands.  Large numbers of birds from Canadian Arctic and Greenland breeding colonies migrate 
through Labrador waters to winter on the Grand Banks and southern Newfoundland waters (Lock et al. 
1994).  Sub-adult kittiwakes summer at sea away from breeding colonies.  Kittiwake is common on shelf 
waters of Labrador away from solid pack ice throughout the year (Brown 1986). 
 
Arctic and Common Terns are the only two species of tern occurring in Labrador.  Arctic Tern is 
circumpolar, breeding in both the low and high Arctic.  Its breeding range extends south along the 
Atlantic coast to Newfoundland.  It migrates at sea between wintering grounds in the S Atlantic and N 
Atlantic breeding areas.  Common Tern breeds in North America and Eurasia.  In eastern North 
America, it winters from South Carolina and southward.  It is a common breeder both inland and in 
littoral waters of Newfoundland and Labrador.  Both species are locally common at breeding sites along 
the coast of Labrador.  Common Tern reaches its northern limit of breeding at about 56°40’N.  Common 
Tern migrates near shore whereas Arctic Tern also migrates in the offshore.  Terns are fairly common on 
the mid Labrador coast from late May to early September. 
 
4.4.2.6 Stercorariidae (Skuas and Jaegers) 
 
One skua and three species of jaeger occur regularly along the coast of Labrador.  Great Skua breeds in 
the NE Atlantic in Iceland, Faeroe and Iceland and winters farther south but remains north of the 
equator.  In Atlantic Canada, it is a summer visitor and spring and fall migrant.  Very low densities of 
Great Skuas probably occur where there are concentrations of shearwaters, the target groups from which 
they steal food.  The three species of jaeger are Pomarine, Parasitic and Long-tailed.  Jaegers are 
circumpolar, breeding in the low Arctic and Arctic.  They winter at sea near the equator.  All three 
species migrate through Labrador waters in spring and late summer/early fall.  A few Parasitic Jaegers 
nest in Labrador north of 58°N (Godfrey 1986).  In general jaegers are in offshore waters of Labrador 
mid May to October.  They are never numerous but are widespread in low densities, usually occurring 
where there are concentrations of other seabirds. 
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4.4.2.7 Alcidae (Murres, Auks and Puffins) 
 
There are six species of the Alcidae in eastern North America and all of them have a significant role in 
the avifauna ecosystem of the Labrador coast.  Common Murre breeds in N Pacific and N Atlantic 
oceans.  In the Atlantic it breeds in northern Europe including Iceland and Greenland and in the W 
Atlantic from Labrador to Nova Scotia.  Large colonies exist in eastern Newfoundland.  Common Murre 
reaches the northern limit of its breeding range in eastern North America at colonies on a group of 
islands near Nain at 56°42’N.  Common Murre breeds in large colonies on the mid Labrador coast with 
a total of 47,000 pairs at five main colonies (Table 4.8).  Common Murre is present in Labrador water 
April to November.   
 
Thick-billed Murre breeds in the Arctic, N Atlantic and N Pacific oceans.  In eastern North America it 
breeds mainly in the Arctic.  On the mid Labrador coast Thick-billed Murre is outnumbered by Common 
Murre during the breeding season with just over 10,000 pairs nesting (Table 4.8).  It is estimated that up 
to four million Thick-billed Murres winter in Newfoundland and Labrador (Lock et al. 1994).  Band 
returns show that the Newfoundland wintering population originates from breeding colonies in the 
Canadian Arctic (Hudson Strait and Lancaster Sound), west Greenland and Iceland (Lock et al. 1994).  
Thick-billed Murre is present year round off the Labrador coast.   In winter may be common along the 
eastern edge of the pack ice.   
 
Razorbill breeds in the N Atlantic from northern Europe, including Iceland and Greenland, to the mid 
Labrador coast and south to Maine.  About 43% (18,526 pairs) of the North American breeding 
population of Razorbill nests on the mid section of Labrador coast (Table 4.8).  Most of these (14,329 
pairs) are on The Gannet Islands (CWS unpubl data).  Razorbills migrate south of Labrador for the 
winter.  Razorbills are present in Labrador shelf waters from April to November.   
 
Atlantic Puffin breeds in the N Atlantic on the British Isles, Norway, Iceland, Greenland, Newfoundland 
and Labrador, and south to Maine.  In Canada, the centre of breeding abundance is in southeast 
Newfoundland.  The more than 82,000 pairs breeding on the mid Labrador coasts represent about 20% 
of the North American breeding population.  In North America Atlantic Puffins winter mainly off 
southern Newfoundland and Nova Scotia.  Atlantic Puffin is present off the mid Labrador coast from 
May to November.  
 
Black Guillemot breeds on both sides of the Atlantic, north into Arctic waters.  It nests in numerous 
small colonies on coastal headlands and many small rocky islands.  Population size estimates are 
difficult to achieve because the eggs are laid in inaccessible rock crevices.  Black Guillemot is partially 
migratory but remains as far north as there is open water.  Unlike the other members of the Alcidae, it 
feeds near shore and is rarely found more than a few kilometres from shore or pack ice.  Black 
Guillemot is a year round resident on the coast of Labrador. 
 
Dovekie breeds mainly in Greenland, Iceland, and northern Norway, and winters at sea in the N Atlantic 
south to New Jersey and France.  Many of the ten million pairs of Dovekie breeding in Greenland winter 
in Newfoundland and Labrador.  Dovekies feed on small invertebrates often associated with shelf breaks 
or ice edges.  Gjerdrum et al. (2008) found strong correlations between abundances of copepods 
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(Calanus spp.) and Dovekie at shelf edges off northeast Newfoundland in spring 2006. The abundant 
Dovekie is common near ice and in open offshore waters of the Labrador coast September to May. 
  
4.4.3 Prey and Foraging 
 
Seabirds in the Study Area employ a variety of foraging strategies and feed on a variety of prey species 
(Table 4.10).  Many of the shearwaters, storm-petrels, gulls, and phalaropes capture their food by seizing it 
from the surface, either while flying or resting on the surface.  Gannets and terns search for prey from the 
air, then plunge dive to capture the prey item.  Members of the auk family (Alcidae) dive from a resting 
position on the surface and actively pursue their prey underwater.  Consequently, they spend most of their 
time on or under the ocean’s surface.  Diving depth and time also varies by species.  Some species such as 
terns and phalaropes specialize in foraging in shallow depths at the surface, while at the opposite end of 
the range, species such as alcids and loons dive to great depths (i.e., 20 to 50 m).  Larger species of 
seabirds feed on capelin, sand lance, and short-finned squid, crustaceans, or offal, whereas smaller species 
such as phalaropes and Dovekie feed primarily on copepods, amphipods, and other zooplankton (Table 
4.10).  
 
4.4.3.1 Procellariidae (Fulmar and Shearwaters) 
 
Northern Fulmar and the four species of shearwaters that are expected to occur in the Regional Area 
feed on a variety of invertebrates, fish and zooplankton at or very near the surface.  Capelin is an 
important food source for shearwaters.  They secure their prey by swimming on the surface and picking 
at items on the surface, dipping head under the water, or diving under the water.  Shearwaters are also 
capable of diving a short distance under the surface up to 10 m but usually less (Brown et al. 1981).  
They may do this flying low over the water and then plunging into the water with enough force to get 
them below the surface for a few seconds or dive from a sitting position. 
 
4.4.3.2 Hydrobatidae (Storm-Petrels)  
 
Leach’s and Wilson’s Storm-Petrel feed on small crustaceans, various small invertebrates and 
zooplankton.  These storm-petrels usually feed while on the wing picking small food items from the 
surface of the water. 
 
4.4.3.3 Phalaropodinae (Phalaropes)  
 
Red-necked and Red Phalaropes eat zooplankton at the surface of the water.  They secure food by 
swimming and rapidly picking at the surface of the water and their heads probably rarely go beneath the 
surface. 
 
4.4.3.4 Laridae (Gulls and Terns)  
 
The large gulls, Herring, Great Black-backed, Glaucous and Iceland Gull, are opportunists eating a 
variety of food items from small fish at the surface, to carrion, and refuse and offal from fishing and 
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Table 4.10 Foraging strategy and prey of seabirds in the Study Area. 
 

Species Prey Foraging Strategy 
Time with Head 

Under Water 
Depth (m) 

Procellariidae  

Northern Fulmar 
Fish, cephalopods, 
crustaceans, 
zooplankton, offal 

Surface feeding Brief < 1 

Greater Shearwater 
Fish, cephalopods, 
crustaceans, 
zooplankton, offal 

Shallow plunging, 
surface feeding 

Brief 1-10 

Sooty Shearwater 
Fish, cephalopods, 
crustaceans, 
zooplankton, offal 

Shallow plunging, 
surface feeding 

Brief 1-10 

Manx Shearwater 
Fish, cephalopods, 
crustaceans, 
zooplankton, offal 

Shallow plunging, 
surface feeding 

Brief 1-10 

Hydrobatidae 

Leach's Storm-Petrel 
Crustaceans, 
zooplankton 

Surface feeding Brief <0.5 

Phalaropodinae 
Red Phalarope Zooplankton, crustaceans Surface feeding Brief 0 
Red-necked Phalarope Zooplankton, crustaceans Surface feeding Brief 0 
Laridae 

Herring Gull Fish, crustaceans, offal 
Surface feeding, shallow 
plunging, scavenging 

Brief < 0.5 

Iceland Gull Fish, crustaceans, offal 
Surface feeding, shallow 
plunging 

Brief < 0.5 

Glaucous Gull Fish, crustaceans, offal 
Surface feeding, shallow 
plunging, scavenging 

Brief < 0.5 

Great Black-backed Gull Fish, crustaceans, offal 
Surface feeding, shallow 
plunging, scavenging 

Brief < 0.5 

Ivory Gull Fish, crustaceans, offal 
Surface feeding, shallow 
plunging, scavenging 

Brief < 0.5 

Black-legged Kittiwake Fish, crustaceans, offal 
Surface feeding, shallow 
plunging 

Brief < 0.5 

Arctic Tern 
Fish, crustaceans, 
zooplankton 

Surface feeding, shallow 
plunging 

Brief < 0.5 

Stercorariidae 
Great Skua Fish, cephalopods, offal  Kleptoparasitism Brief < 0.5 
Pomarine Jaeger Fish Kleptoparasitism Brief < 0.5 
Parasitic Jaeger Fish  Kleptoparasitism Brief < 0.5 

Long-tailed Jaeger Fish, crustaceans 
Kleptoparasitism, surface 
feeding 

Brief < 0.5 

Alcidae 

Dovekie 
Crustaceans, 
zooplankton, fish 

Pursuit diving Prolonged Max 30, average is < 30 

Common Murre 
Fish, crustaceans, 
zooplankton 

Pursuit diving Prolonged Max 100 , average 20-50 

Thick-billed Murre 
Fish, crustaceans, 
zooplankton 

Pursuit diving Prolonged Max 100 , average 20-60 

Razorbill 
Fish, crustaceans, 
zooplankton 

Pursuit diving Prolonged Max 120, average 25 

Atlantic Puffin 
Fish, crustaceans, 
zooplankton 

Pursuit diving Prolonged Max 60, average < 60 

Sources: Cramp and Simmons (1983); Nettleship and Birkhead (1985); Lock et al. (1994); Gaston and Jones (1998).
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other ships at sea.  They find this food at the surface and may plunge their head under water to grab food 
just below the surface but rarely is the entire body submerged.  Ivory Gull often feeds from the wing 
over water, dip feeding for small fish and invertebrates on the surface.  It occasionally plunge dives so 
that the entire body may be submerged momentarily.  It also swims and picks at the surface of the water 
and walks on ice to scavenge animal remains. 
   
Black-legged Kittiwake feeds on a variety of invertebrates and small fish.  Capelin is an important part 
of their diet when available.  It feeds by spotting prey from the wing then dropping to water surface and 
plunge diving.  The body may be submerged very briefly.  It also swims and picks at small invertebrates 
near the surface. 
 
Arctic Tern feeds on small fish and invertebrate that it catches from the wing with a shallow plunge 
dive.  The entire bird rarely goes beneath the surface.  It rarely rests on the water. 
 
4.4.3.5 Stercorariidae (Skuas and Jaegers) 
 
Skuas and jaegers feed by chasing other species of birds until they drop food they are carrying or 
disgorge the contents of their stomachs.  This method of securing food is called kleptoparasitism.  As a 
result of this life history they are less numerous than species from which they steal food.  Long-tailed 
Jaeger, the smallest member of this group, also feeds on small invertebrates and fish, which are caught 
by dipping to the surface of the water while remaining on the wing.   
 
4.4.3.6 Alcidae (Dovekie, Murres, Razorbill and Atlantic Puffin)  
 
This group of birds is different than the other seabirds of the Study Area.  They spend considerable time 
resting on the water and dive deep into the water column for food.  Dovekie feeds on zooplankton 
including larval fish.  It can dive down to 30 m and remain under water up to 41 seconds, but average 
dives are somewhat shallower and shorter in duration (Gaston and Jones 1998).  Common Murre and 
Thick-billed Murre have been recorded diving to 100 m but 20 m to 60 m is thought to be average.  
Dives have been timed up to 202 seconds but 60 seconds is closer to average (Gaston and Jones 1998).  
Razorbill has been recorded diving to 120 m but 25 m is thought to be more typical with time under 
water about 35 seconds (Gaston and Jones 1998).  Black Guillemot usually feeds in water <30 m in 
depth but in deep water has been recording diving to 50 m with a maximum 147 seconds under water.   
 
Average depth and duration of dives expected to be less (Gaston and Jones 1998).  Atlantic Puffin will 
dive to 60 m but 10 m to 45 m is thought to be more typical.  Maximum length of time recorded under 
water is 115 seconds but a more typical dive would be about 30 seconds. 
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4.5 Marine Mammals and Sea Turtles 
 
4.5.1 Marine Mammals 
 
A total of 21 marine mammals, including 14 cetaceans, six seals, and the polar bear, occur in the Study 
Area (Table 4.11).  Table 4.11 presents the temporal and spatial distribution, habitat and relevant SARA 
and COSEWIC designations for each species.  Most marine mammals use the Project Area seasonally, 
and the region represents important foraging and breeding areas for many. 
 
An additional three species may very occasionally enter the Project Area or were historically abundant 
on the Labrador Shelf, including the bowhead whale (Baleana mysticetus), North Atlantic right whale 
(Eubalaena glacialis), and Atlantic walrus (Odobenus rosmarus rosmarus).  Although thought to be 
historically common throughout the Strait of Belle Isle and Labrador Sea, bowhead whales now only 
rarely range as far south as the northern coast of Labrador as a result of depletion during industrial 
whaling (COSEWIC 2009a).  Individuals occurring in northern Labrador likely represent either the 
Davis Strait or Hudson Bay stocks of the eastern Canada-west Greenland population, considered special 
concern by COSEWIC, but have no status under SARA.  North Atlantic right whales, considered 
endangered on Schedule 1 of SARA and by COSEWIC, became severely depleted by commercial 
whalers and are thought to have once ranged into coastal Labrador.  However, no sightings have 
occurred in the last hundred years in the Strait of Belle Isle historical whaling area, despite evidence 
from bones in Red Bay, Labrador that they were once harvested in the region (COSEWIC 2003a).   
 
Currently, North Atlantic right whales are primarily found in Canadian waters in Roseway Basin on the 
Scotian Shelf and the Bay of Fundy during late summer and fall before migrating south along the eastern 
United States to wintering grounds in the southeast United States (COSEWIC 2003a).  Atlantic walrus 
are considered extirpated from Nova Scotia to Labrador, where they historically occurred (COSEWIC 
2006a).  Currently they are found in the eastern Canadian Arctic, and considered rare south of Hebron-
Okak Bay on the Labrador coast (COSEWIC 2006a).  Thus, the available information suggests that it is 
very unlikely that any of these three species occur in the Project Area. 
 
There is generally not a lot of information on the occurrence and abundance of marine mammals on the 
Labrador Shelf.  Previous environmental assessments (Canning and Pitt 2007) and the Labrador Shelf 
SEA provide summaries of marine mammal species and previously available sighting data for the 
Project Area and offshore Labrador waters.  Canning and Pitt (2007) summarized population estimates 
for marine mammals that may occur in the White Rose area of the Jeanne d’Arc Basin located southeast 
of the Labrador Project Area; most of these species and populations presumably overlap with those 
found in the Project Area.   
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Table 4.11 Marine mammals known or expected to occur in the Labrador Shelf Study Area. 
SARA COSEWIC

Species (Scientific Name) Occurrence Season Habitat Status
a

Status
b

Baleen Whales (Mysticetes)
Humpback whale 
(Megaptera novaeangliae )
Blue whale
(Balaenoptera musculus )
Fin whale
(Balaenoptera physalus )
Sei whale
(Balaenoptera borealis )
Minke whale
(Balaenoptera acutorostrata )
Toothed Whales (Odontocetes)
Sperm whale
(Physeter macrocephalus )
Northern bottlenose whale
(Hyperoodon ampullatus )

c

Sowerby's beaked whale
(Mesoplodon bidens )
Beluga whale

(Delphinapterus leucas )
d

Killer whale
(Orcinus orca )
Long-finned pilot whale
(Globicephala melas )
Atlantic white-sided dolphin
(Lagenorhynchus acutus )
White-beaked dolphin
(Lagenorhynchus albirostris )
Harbour porpoise
(Phocoena phocoena )
True Seals (Phocids)
Harbour seal
(Phoca vitulina )
Harp seal
(Phoca groenlandica )
Hooded seal
(Cystophora cristata )
Bearded seal
(Erignathus barbatus )
Grey seal
(Halichoerus grypus )
Ringed seal
(Phoca hispida )
Polar Bear
Polar Bear
(Ursus maritimus )

Note: ? Indicates uncertainty.
a
Species designation under the Species at Risk Act  (Government of Canada 2009); NS = No Status.

Uncommon
Year-round, but mostly 

June-Oct.

Rare Winter or Summer?

Year-round, but mostly 
June-Oct.

Common
Year-round, but mostly 

June-Sept.

Coastal & banks NS NAR

E

Study Area

Common
Year-round, but mostly 

May-Oct.

Rare
Year-round, but mostly 

spring-summer

Common
Year-round, but mostly 

summer

Coastal & pelagic
Schedule 1: 
Endangered

Slope & pelagic
Schedule 1: 

Special Concern
SC

DDUncommon May-Sept.

Common 
Year-round, but mostly 

May-Oct.

Offshore & pelagic NS

Shelf, banks, & 
coastal

NS NAR

ECommon Year-round?

Uncommon
Year-round, but mostly 

summer
Pelagic, slope, 

canyons
NS NAR; LPC

Pelagic, canyons, 
slope

Schedule 1: 
Endangered

Rare Summer?

NS E

Pelagic, deep, 
slope, canyon

Schedule 3: 
Special Concern

SC

Coastal & ice edge

SC

Shelf & slope

NS NAR

NS

Landfast ice with 
snow cover

NS

NS NAR

Shelf NS NAR

Common

DD

NS

Uncommon
Year-round, but mostly 

spring-fall
Shelf, coastal

Schedule 2: 
Threatened

SC

Mostly pelagicCommon May-Sept.

Pack ice & pelagic NS NAR; LPC

Common

Widely distributed

Uncommon Year-round Coastal NS NAR

NC; LPC

Common
Year-round, but mostly 

winter-early spring

Year-round, but mostly 
winter to spring

Pack ice & pelagic

Coastal areas and 
pack ice

NS SC

d
Population affiliation is unclear, but individuals presumably represent the Ungava Bay and/or Eastern Hudson Bay 

populations (DFO 2005).

NS

Common Winter-spring

Uncommon Year-round
Coastal, shallow, 

& ice edge
NS

NAR; MPC

NARRare Summer?
Coastal & 

continental shelf

b
Species designation under COSEWIC (COSEWIC 2008a); E = Endangered, T = Threatened, SC = Special Concern, DD = Data 

Deficient, NAR = Not At Risk, NC = Not Considered, LPC = Low-priority Candidate, MPC = Mid-priority Candidate, HPC = 
High-priority Candidate.
c
Refers to The Gully population, but it is unclear to which population animals in the Project Area belong. 

Uncommon Winter-summer
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Opportunistic sightings are available, but there have been few systematic surveys of marine mammals 
offshore of Labrador.  LGL Limited conducted aerial surveys for marine mammals and seabirds in the 
southern Labrador Sea offshore and coastal areas as one component of the Offshore Labrador Biological 
Studies (OLABS) from 1981 to 1982 (McLaren et al. 1982).  Seasonal surveys ranged from the 
Makkovik Bank in the north to Cape Freels in the south (between 56ºN and 49.15ºN and west to 52ºW).  
A number of marine mammal species were observed during the OLABS surveys in the southern 
Labrador Sea, including: 

 
 Minke whale 
 Fin whale 
 Humpback whale 
 Sperm whale 
 Northern bottlenose whale (tentatively identified) 
 Beluga whale 
 Atlantic (long-finned) pilot whale 
 Killer whale 
 Atlantic white-sided dolphin 
 White-beaked dolphin 
 Habour porpoise 
 Harbour seal 
 Harp seal 
 Bearded seal 
 Hooded seal. 
 

Humpback whales were the most abundant of the baleen whale species observed, while pilot whales and 
unidentified dolphins were the most common toothed whales recorded.  A high density of harp seals 
(~60,000 seals) was recorded, all in late winter to early spring (McLaren et al. 1982).    
 
Marine mammal monitoring was also conducted by Geophysical Survey Inc. (GSI) during 2004 and 
2005 geophysical surveys over the Labrador Shelf.  Fisheries Liaison Officers (FLOs) served as Marine 
Mammal Observers (MMOs) during the surveys.  From late July to early October 2004, there were 22 
cetacean sightings totaling ~260 individuals and pilot whales were the most frequently observed species 
(as described in Canning and Pitt 2007).  From mid-June to mid-October 2005, FLOs recorded 63 
cetacean sightings of ~297 individuals and pilot whales were again the most frequently recorded species 
(as described in Canning and Pitt 2007).  Recorded species from the 2004 and 2005 surveys included: 
 

 Humpback whale 
 Fin whale 
 Minke whale 
 Sperm whale 
 Pilot whale 
 Killer whale 
 Atlantic white-sided dolphin 
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 White-beaked dolphin 
 Harbour porpoise 
 Unidentified dolphin 
 Unidentified whale. 

 
Lawson and Gosselin (2009) provide preliminary minimum abundance estimates, without the 
application of correction factors, for the most frequently sighted cetacean species detected during aerial 
surveys from Nova Scotia to Labrador during the summer of 2007.  A total of 741,699 km2 were 
surveyed off southern and eastern Newfoundland and off Labrador from 17 July to 24 August 2007, 
yielding a total of 584 cetacean sightings or a density of 0.0008 sightings/km2.  There were 19 sightings 
along the Labrador coast, but these were too few to obtain reliable abundance estimates in the Labrador 
stratum.  However, the authors note that marine fauna were generally reported later in 2007 than in 
previous years, suggesting that lower densities of animals than usual may have been encountered during 
the Labrador portion of the survey.  During 5,363 km of on-effort trackline in Labrador, there were 
sightings of beluga whale, common dolphin, fin whale, minke whale, northern bottlenose whale, pilot 
 
whale, white-sided dolphin, unidentified large whale, and unidentified dolphin. There were a total of 
four or less sightings of each species.  The spatial distribution of sightings by species was not provided, 
so it is unclear how animals were distributed with respect to the location of the Project Area, distance to 
shore, or water depth. 
 
Earlier versions of a cetacean sightings database compiled by DFO in St. John’s were summarized in 
Canning and Pitt (2007) and the Labrador Shelf SEA.  The following summary provides an updated 
review of these data.  A large database of cetacean sightings in Newfoundland and Labrador waters has 
been compiled by DFO in St. John’s (J. Lawson, DFO Research Scientist, pers. comm.) and has also 
been made available for the purposes of describing cetacean sightings within the Study Area.  These 
data can be used to indicate what species have occurred in the region, but cannot provide fine-scale 
descriptions or predictions of abundance or distribution.  The summary of sightings below combines the 
data sources described above as well as historical and new sightings from commercial whaling, fisheries 
observers, and the general public.  Within the Study Area, sighting dates ranged from 1961 to 2007 and 
included baleen and toothed whales (Figure 4.34) as well as unidentified cetaceans (Figure 4.35) and 
summarized in Table 4.12).  A number of caveats should be noted when considering these DFO 
cetacean sighting data, and include: 
 

1.  The sighting data have not yet been completely error-checked, 
2.  The quality of some of the sighting data is unknown, 
3. Most data have been gathered from platforms of opportunity that were vessel-based.  The 

inherent problems with negative or positive reactions by cetaceans to the approach of such 
vessels have not yet been factored into the data, 

4. Sighting effort has not been quantified (i.e., the numbers cannot be used to estimate true 
species density or abundance for an area),  
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Source: DFO cetacean sightings database, see text for description of data and caveats associated with these data. 
 

Figure 4.34 Cetacean sightings in the Study Area  

 
Source: DFO cetacean sightings database, see text for description and caveats associated with these data. 

 
Figure 4.35 Unidentified cetacean sightings in the Study Area  
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Table 4.12 Cetacean sightings that occurred within the offshore Labrador Study Area, dating 
from 1961 to 2007. 

 

Species Number of Sightings 
Minimum Number of 

Individuals 
Months Sighted 

Mysticetes 
Fin whale 14 26 July, Aug, Oct 
Humpback whale 17 199 Jan, July to Dec 
Minke whale 19 25 July to Dec 
Sei whale 1 2 Sept 
Odontocetes 
Sperm whale 4 5 July, Aug, Oct 
Northern bottlenose whale 11 52 July to Sept, Nov, Dec 
Killer whale 4 34 June to Sept 
Pilot whale 21 215 July, Aug, Oct, Dec 
Common dolphin 7 28 July to Sept 
Atlantic white-sided dolphin 1 20 Aug 
White-beaked dolphin 20 95 July, Aug 
Unidentified dolphin 23 76 July, Aug 
Harbour Porpoise 2 6 Sept 
Other 
Unidentified large whale 2 4 Oct, Dec 
Unidentified whale 3 5 July, Aug, Oct 

Source: DFO (see text for description and caveats associated with these data). 
 

5. Both older and some more recent survey data have yet to be entered into this database.  These 
other data will represent only a very small portion of the total data, 

6. Numbers sighted have not been verified (especially in light of the significant differences in 
detectability among species), 

7. For completeness, these data represent an amalgamation of sightings from a variety of years 
and seasons.  Effort (and number of sightings) is not necessarily consistent among months, 
years, and areas.  There are large gaps between years.  Thus seasonal, depth, and distribution 
information should be interpreted with caution, and 

8. Many sightings could not be identified to species, but are listed to the smallest taxonomic 
group possible. 

 
4.5.1.1 Baleen Whales (Mysticetes) 
 
Five species of baleen whales occur in the Project Area, including the SARA-listed blue whale 
(endangered, Schedule 1) and fin whale (threatened, Schedule 1) described in the Species at Risk 
section (Section 4.6).  Although some individuals may be present in offshore waters of Newfoundland 
and Labrador year-round, most baleen whale species presumably migrate to lower latitudes during 
winter months. 
 
Blue Whale 
 
The Atlantic population of blue whale is discussed in Section 4.6 on Species at Risk.  The blue whale is 
currently designated as endangered under Schedule 1 of SARA and by COSEWIC (Table 4.14).   
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Fin Whale 
 
The Atlantic population of fin whale is discussed in Section 4.6.  The fin whale is currently designated 
as special concern under Schedule 1 of SARA and by COSEWIC (Table 4.14).   
 
Humpback Whale 
 
The humpback whale is cosmopolitan in distribution and is most common over the continental shelf and 
in coastal areas (Jefferson et al. 2008).  There are an estimated 11,570 individuals in the N Atlantic 
(Stevick et al. 2003).  In eastern Canada, humpback whales have no status under SARA and are 
considered not at risk by COSEWIC.  Humpback whales migrate annually from high-latitude summer 
foraging areas to Caribbean breeding grounds in the winter.  Primary feeding areas in the N Atlantic 
have been described using genetic and individual identification data as the Gulf of Maine, eastern 
Canada, west Greenland, and the NE Atlantic (Stevick et al. 2006).  Humpback whales are common over 
the banks and nearshore areas of Newfoundland and Labrador from June through September, sometimes 
forming large aggregations to feed primarily on spawning capelin, sand lance, and krill.  During aerial 
surveys in August 1980, Hay (1982) estimated a density of 0.0282 humpbacks per n.mi.2 (0.0082 
humpbacks per km2) or a total of ~214 animals in an area offshore of central Labrador.  The Labrador 
Shelf SEA suggests that primary feeding areas for humpbacks are likely found along the shoreline from 
Hudson Strait to the southern coast of Newfoundland; this is supported by extensive sightings over the 
continental shelf in the Study Area from July to January (Figure 4.34).  Clapham et al. (1993) note that 
not all individuals migrate to the tropics each year; some presumably remain near their foraging grounds 
in high and mid latitudes during the winter. 
 
Sei Whale 
 
Sei whale distribution is poorly known, but it occurs in all oceans and appears to prefer mid latitude 
temperate waters (Jefferson et al. 2008).  Two stocks of sei whales are currently considered to occur in 
eastern Canada, on the Scotian Shelf and in the Labrador Sea, although there is limited evidence 
supporting the definition of the Labrador Sea stock (COSEWIC 2003b).  However, there are several 
observations in the region according to the Labrador Shelf SEA.  There was only one September 
sighting of two sei whales in the Study Area (Figure 4.34).  There is no current population estimate for 
the N Atlantic, but 1,400 to 2,250 individuals were estimated to use the NW Atlantic based on catch data 
collected during commercial whaling (COSEWIC 2003b).  In the Canadian Atlantic, sei whales have no 
status under SARA and are considered data deficient by COSEWIC.  Sei whales appear to prefer 
offshore, pelagic, deep areas that are often associated with the shelf edge, and feed primarily on 
copepods (COSEWIC 2003b). 
 
Minke Whale 
 
The smallest of the baleen whales, minke whales have a cosmopolitan distribution and use polar, 
temperate, and tropical regions (Jefferson et al. 2008).  There are four populations recognized in the N 
Atlantic, including the Canadian east coast, west Greenland, central N Atlantic, and NE Atlantic stocks 
(Waring et al. 2009).   There are an estimated 3,312 individuals in the Canadian east coast stock, which 
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ranges from the continental shelf of the northeastern United States to the eastern half of Davis Strait 
(Waring et al. 2009).  Minke whales have no status under SARA and are considered not at risk in the 
Atlantic by COSEWIC.  Minke whales are common over the banks and coastal regions of 
Newfoundland and Labrador from early spring to fall, arriving as early as April and remaining as late as 
October and November (see Labrador Shelf SEA).  Minke whale sightings off Labrador are common in 
the Study Area; sightings occurred from July to December and minke whales were the most frequently 
identified baleen whale in the Study Area (Figure 4.34).  Minke whales were also sighted four times in 
the Labrador stratum during DFO`s 2007 aerial survey (Lawson and Gosselin 2009).  In a study off 
northern Newfoundland and southern Labrador, Perkins and Whitehead (1977) most frequently observed 
minkes occurring singly, but groups of up to five individuals were also often encountered.  Minke 
whales tend to forage in continental shelf waters on small schooling fish like capelin and sand lance, 
making relatively short duration dives (Stewart and Leatherwood 1985). 
 
4.5.1.2 Toothed Whales (Odontocetes) 
 
Nine species of toothed whales occur in the Project Area (see Table 4.12), ranging from the largest of 
odontocetes, the sperm whale, (~18 m for an adult male (Reeves and Whitehead 1997)) to the one of the 
smallest, the harbour porpoise (~1.6 m for an average adult (COSEWIC 2006b)).  Many of these species 
seem to be present in the Labrador Sea only seasonally, but there is generally little information on the 
distribution and abundance of these species.  The northern bottlenose whale (Gully population) is 
designated as endangered on Schedule 1 of SARA, Sowerby’s beaked whale is considered of special 
concern (Schedule 3) under SARA, and the harbour porpoise is considered as threatened (Schedule 2) 
under SARA; all are described in Section 4.6.  In addition, the beluga whale is considered endangered, 
the killer whale is considered special concern, and the sperm whale is a low priority candidate species 
by COSEWIC, but none are designated under SARA (all are described in Section 4.6).   
 
Northern Bottlenose Whale 
 
Northern bottlenose whale is discussed in Section 4.6 on Species at Risk.  The Scotian Shelf population 
of northern bottlenose whale is designated endangered under Schedule 1 of SARA and by COSEWIC 
(Table 4.14).  The Davis Strait population has no status under SARA and is considered not at risk by 
COSEWIC.  It is unclear whether northern bottlenose whales occurring in the Study Area belong to the 
Davis Strait population, Scotian Shelf population, or both.   
 
Harbour Porpoise 
 
The NW Atlantic population of harbour porpoise is discussed in Section 4.6 on Species at Risk.  The 
northern bottlenose whale is considered as special concern by COSEWIC; however, it is not designated 
on Schedule 1 of SARA (Table 4.14).   
 
Sowerby’s Beaked Whale 
 
Sowerby’s beaked whale is discussed in Section 4.6 on Species at Risk.  Sowerby’s beaked whale is 
considered as special concern by COSEWIC; however, it is not designated on Schedule 1 of SARA 
(Table 4.14).   
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Beluga Whale 
 
The beluga whale is discussed in Section 4.6 on Species at Risk.  Belugas occurring in offshore 
Labrador waters are likely members of either the Ungava Bay or eastern Hudson Bay populations 
(COSEWIC 2004).  Both populations are small; the Ungava Bay population is too small to estimate and 
might have been extirpated while the eastern Hudson Bay population includes ~2000 individuals 
(COSEWIC 2004).  Both populations are designated as endangered by COSEWIC and neither is 
currently designated on Schedule 1 of SARA (Table 4.14).  
 
Killer Whale 
 
The killer whale is discussed in Section 4.6 on Species at Risk.  Killer whales in offshore Labrador and 
eastern Newfoundland waters are likely members of the eastern Arctic or Atlantic populations, which 
were recently considered as special concern by COSEWIC but have no status under SARA (Table 4.14).  
 
Sperm Whale 
 
The sperm whale is discussed in Section 4.6 on Species at Risk.  It has no status under SARA and is 
designated not at risk by COSEWIC; however, the species is a low priority candidate species under 
COSEWIC (Table 4.14). 
 
Long-finned Pilot Whale 
 
The long-finned pilot whale is widespread in the N Atlantic and considered an abundant year-round 
resident of Newfoundland and Labrador (Nelson and Lien 1996).  An estimated 31,139 individuals 
occur in the NW Atlantic, although this estimate may contain some short-finned pilot whales that occur 
further south (Waring et al. 2009).  During an August 1980 aerial survey, Hay (1982) estimated a 
density of 0.0606 animals per square nautical mile offshore of central Labrador.  Long-finned pilot 
whales are primarily observed offshore of Labrador from May to July (Abend and Smith 1999 in the 
Labrador Shelf SEA).  Long-finned pilot whales were the most commonly identified toothed whale,  
 
occurring from July to December throughout the Study Area (Figure 4.34).  There were also three pilot 
whale sightings during a summer 2007 aerial survey in the Labrador stratum (Lawson and Gosselin 
2009).  They have no status under SARA and are considered not at risk by COSEWIC.  Pilot whales 
studied near Nova Scotia have an average group size of 20 individuals, but groups ranged in size from 2 
to 135 animals (Ottensmeyer and Whitehead 2003).  Pilot whale distribution is linked with areas of high 
relief, the shelf break, or slope, and they often exhibit inshore-offshore movements coinciding with 
movements of their prey (Jefferson et al. 2008).  Short-finned squid are a primary prey item in 
Newfoundland, but they also consume other cephalopods and fish (Nelson and Lien 1996). 
 
Atlantic White-sided Dolphin 
 
Atlantic white-sided dolphins occur in temperate and sub-Arctic regions of the N Atlantic (Jefferson et 
al. 2008).  There may be at least three distinct stocks in the N Atlantic, including the Gulf of Maine, 
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Gulf of St. Lawrence, and Labrador Sea areas, which combined are estimated to total ~63,368 animals in 
the NW Atlantic (Waring et al. 2009).  However, their abundance off Labrador and eastern 
Newfoundland is unknown.  Atlantic white-sided dolphins have no status under SARA and are 
considered not at risk by COSEWIC.  Atlantic white-sided dolphins occur regularly from spring to fall 
in offshore areas of Newfoundland and Labrador, but less is known of their winter distribution.  
Sightings in the N Atlantic seem to coincide with the 100 m depth contour and areas of high relief, but 
there was only a single August sighting in the DFO cetacean sightings database (Figure 4.34) as well as 
during a summer 2007 aerial survey offshore of Labrador (Lawson and Gosselin 2009).  Prey items 
range from cephalopods to pelagic or benthopelagic fishes like capelin, herring, hake, sand lance, and 
cod (Selzer and Payne 1988).  Off New England, calving occurs from May to August and Atlantic 
white-sided dolphins tend to occur in large groups ranging from 2 to 2500 individuals and averaging 
52.4 (Weinrich et al. 2001). 
 
White-beaked Dolphin 
 
White-beaked dolphins have a more northerly distribution than most dolphin species, occurring in cold 
temperate and sub-Arctic waters of the N Atlantic (Jefferson et al. 2008).  Waring et al. (2009) estimated 
a total of 2003 individuals in the N Atlantic, but it is unknown how many occur off Labrador and 
northeastern Newfoundland.  White-beaked dolphins have no status under SARA and are considered not 
at risk by COSEWIC.  Sightings of white-beaked dolphins are generally common in the Study Area in 
July and August (Figure 4.34), although none were seen during a summer 2007 aerial survey offshore of 
Labrador (Lawson and Gosselin 2009).  White-beaked dolphins are thought to remain at high latitudes 
year-round and are generally observed in continental shelf and slope areas, although they also occur in 
shallow coastal areas (Lien et al. 1997).  They typically occur in groups of less than 30 animals, but 
group sizes up to the low hundreds have also been reported (Lien et al. 1997).  White-beaked dolphins 
have a range of prey items, including squid, crustaceans, and a number of small mesopelagic and 
schooling fishes like herring, haddock, hake, and cod (Jefferson et al. 2008). 
 
4.5.1.3 True Seals (Phocids) 
 
Six species of seals occur in the Project Area (see Table 4.11).  None of these species are designated 
under SARA or by COSEWIC, but the harp and hooded seal are both considered low priority candidate 
species while the ringed seals is considered a mid priority candidate species by COSEWIC; these three 
species are summarized in Section 4.6.   
 
Harp Seal 
 
Harp seal is discussed in Section 4.6 on Species at Risk.  The status of the harp seal has not been 
determined by SARA or COSEWIC; however, it is considered a low priority candidate species by 
COSEWIC (Table 4.14). 
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Hooded Seal 
 
Hooded seal is discussed in Section 4.6 on Species at Risk.  The hooded seal currently has no status 
under SARA and is considered not at risk by COSEWIC although it is currently a low priority candidate 
species under COSEWIC (Table 4.14).  
 
Ringed Seal 
 
Ringed seal is discussed in Section 4.6 on Species at Risk.  The ringed seal has currently no status under 
SARA and is considered not at risk by COSEWIC however, it is currently a mid priority candidate 
species under COSEWIC (Table 4.14).  
 
Harbour Seal 
 
Although generally restricted to nearshore areas, the harbour seal has a widespread distribution in the 
northern hemisphere (Jefferson et al. 2008).  Ranging from the U.S. east coast to Baffin Island and 
western Greenland, there are an estimated 99,340 individuals in the N Atlantic (Waring et al. 2009).  
There are few quantitative estimates of abundance for Labrador, but Sjare et al. (2005) suggest that areas 
along the coast south of Cartwright likely support the highest densities.    In addition, little distribution 
information exists for harbour seals along the Labrador coast.  Hunters have indicated the following 
areas contain concentrations of harbour seals: Paradise River, Double Mer Lake, an area near Cape 
Harrison north of Groswater Bay, bays near Hopedale, Sandy Island area near Natuashish, and river 
mouths and estuaries around Nain (Sjare et al. 2005).  Harbour seals are likely year-round residents, 
occurring at low densities near these coastal areas.  Fish, shrimp, and squid are consumed by harbour 
seals in Newfoundland and Labrador, particularly cod, sand lance, capelin, and herring (Sjare et al. 
2005).  Harbour seals have no status under SARA and are considered not at risk by COSEWIC. 
 
Bearded Seal 
 
The bearded seal is an ice-affiliated seal occurring throughout Arctic regions, mainly over the 
continental shelf and areas with moving ice or ice leads (Jefferson et al. 2008).  An estimated 190,000  
bearded seals may exist within the Canadian Arctic (Cleator 1996), but no estimates are available for 
Labrador waters.  Bearded seals have no status under SARA and are considered data deficient by 
COSEWIC.  Although they may remain in or near sea ice year-round, bearded seals are considered more 
pelagic during summer and fall (Laidre et al. 2008).  There is little information on the distribution or 
movements of bearded seals in Labrador, but they appear to be found at low densities along the entire 
coast and more common in northern portions (Stenson 1994; Cleator 1996).  Bearded seals are benthic 
feeders, consuming a variety of crustaceans, mollusks, and some benthic fishes like sculpins, flatfish, 
and cod (see Labrador Shelf SEA for additional detail). 
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Grey Seal 
 
Grey seals inhabit cold temperate to sub-Arctic regions of the N Atlantic, ranging in Canada from  
Nova Scotia to Labrador (Jefferson et al. 2008).  An estimated ~300,000 grey seals occur in the NW 
Atlantic, with the majority breeding and moulting on Sable Island, south of Nova Scotia, over the winter 
and spring, respectively (Thomas et al. 2007).  An unknown number range into eastern Newfoundland 
and Labrador.  Grey seals have no status under SARA and are considered not at risk by COSEWIC.  
Although generally coastal, grey seals forage over the continental shelf and consume primarily herring, 
Atlantic cod, and sand lance (Lesage and Hammill 2001).  Grey seals presumably move northward, 
ranging occasionally into Labrador waters, from July to September (Stobo et al. 1990). 
 
4.5.1.4 Polar Bear 
 
The polar bear is discussed in Section 4.6 on Species at Risk.  The polar bear has no status under SARA 
but is considered as special concern by COSEWIC (Table 4.14). 
 
4.5.2 Sea Turtles 
 
Sea turtles are likely not common within the Labrador Sea, but three species could potentially occur 
within the Project Area.  Table 4.13 provides a summary of habitat, occurrence and status in the Project 
Area for leatherback (Dermochelys coriacea), loggerhead (Caretta caretta), and Kemp’s Ridley sea 
turtles (Lepidochelys kempii).  Of these species, the leatherback sea turtle is designated as endangered 
under COSEWIC and SARA (Table 4.14; see Section 4.6 on Species at Risk for profile).  The other two 
species have no status under SARA and have not been considered by COSEWIC. 
 
Table 4.13 Sea turtles potentially occurring in the Labrador Shelf Study Area. 
 

Project Area Species 
Occurrence Timing 

SARA 
Statusa 

COSEWIC 
Statusb 

Activities Habitat 

Leatherback sea turtle Rare June to Nov 
Schedule 1: 
Endangered 

E Feeding 
Open water, 

bays 
Loggerhead sea turtle Very rare Summer NS NC Feeding Open water 
Kemp’s Ridley sea 
turtle 

Very rare Summer NS NC Feeding Open water 

a Species designation under the Species at Risk Act; NS = No Status. 
b Species designation by COSEWIC; E = Endangered, NC = Not Considered 

 
The loggerhead sea turtle is the most common sea turtle in North American waters, but rarely ventures 
as far north as Labrador (Spotila 2004).  Adults can migrate considerable distances between near-
equatorial nesting areas and temperate foraging areas, some moving with the Gulf Stream into eastern 
Canada waters during the summer and fall (Hawkes et al. 2007).  While foraging at sea, loggerheads 
likely consume gelatinous zooplankton and squid (Spotila 2004). 
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The Kemp’s Ridley sea turtle is more restricted in distribution, primarily occurring only in the Gulf of 
Mexico, but some juveniles sometimes feed along the U.S. east coast and rarely range into eastern 
Canada waters (Spotila 2004).  Movements outside of the Gulf of Mexico likely occur during summer 
and in coastal areas.  Juveniles have been sighted along the southern Newfoundland coast, in St. Mary’s 
Bay, and off of Nova Scotia (Ernst et al. 1994), but there are no known reports off Labrador. 
 

4.6 Species at Risk 
 
The Species at Risk Act (SARA) was assented to in December 2002 with certain provisions coming into 
force in June 2003 (e.g., independent assessments of species by COSEWIC and June 2004 (e.g., 
prohibitions against harming or harassing listed endangered or threatened species or damaging or 
destroying their critical habitat).  The information provided in this subsection is current as of November 
2009 on the websites for SARA (http://www.sararegistry.gc.ca/default_e.cfm) and COSEWIC 
(http://www.cosepac.gc.ca/index.htm). 
 
Species are listed under SARA on Schedules 1 to 3 with only those designated as endangered or 
threatened on Schedule 1 having immediate legal implications.  Nonetheless, attention must be paid to 
all of the SARA-listed species because of their sensitivities to perturbation and the potential for status 
upgrades.  Schedule 1 is the official list of wildlife Species at Risk in Canada.  Once a 
species/population is designated, the measures to protect and recover it are implemented.  The two 
cetacean species/populations, one sea turtle species, one seabird species, and two fish 
species/populations that are legally protected under SARA and have potential to occur in the Study Area 
are listed in Table 4.14.  Atlantic wolffish (Anarhichas lupus) and the Atlantic population of fin whales 
(Balaenoptera physalus) are designated as special concern on Schedule 1 (Table 4.14).  Schedules 2 and 
3 of SARA identify species that were designated “at risk” by COSEWIC prior to October 1999 and must 
be reassessed using revised criteria before they can be considered for addition to Schedule 1.  Species 
that potentially occur in the Study Area and are considered at risk but which have not received specific 
legal protection (i.e., proscribed penalties and legal requirement for recovery strategies and plans) under 
SARA are also listed in Table 4.14 as endangered, threatened or species of special concern under 
COSEWIC.  Other non-SARA listed marine species that potentially occur in the Study Area and are 
listed by COSEWIC as candidate species are also included in Table 4.14. 
 
Under SARA, a ‘recovery strategy’ and corresponding ‘action plan’ must be prepared for endangered, 
threatened, and extirpated species.  A ‘management plan’ must be prepared for species considered as 
special concern.  Final recovery strategies have been prepared for four species currently designated as 
either endangered or threatened under Schedule 1 and potentially occurring in the Project Area: (1) the 
leatherback sea turtle (ALTRT 2006); (2) the spotted wolffish (Kulka et al. 2007), (3) the northern 
wolffish (Kulka et al. 2007), and (4) the blue whale (Beauchamp et al. 2009).  A recovery strategy has 
been proposed for the Scotian Shelf population of northern bottlenose whale (DFO 2009d).  A 
management plan has also been prepared for the Atlantic wolffish (Kulka et al. 2007), currently 
designated as special concern on Schedule 1.   
 
 



 

Table 4.14  SARA Schedule 1 and COSEWIC-listed marine species that potentially occur in the Study Area. 
 

Species SARA Schedule 1 COSEWIC 

Common Name Scientific Name Endangered Threatened 
Special 

Concern 
Endangered Threatened 

Special 
Concern 

Candidate 
Species 

Blue whale Balaenoptera musculus X   X    
Northern bottlenose whale Hyperoodon ampullatus X   X    
Leatherback sea turtle Dermochelys coriacea X   X    
Ivory Gull Pagophila eburnea X   X    
Northern wolffish Anarhichas denticulatus  X   X   
Spotted wolffish Anarhichas minor  X   X   
Atlantic wolffish Anarhichas lupus   X   X  
Fin whale (Atlantic 
population) 

Balaenoptera physalus   X   X  

Atlantic cod 
(NLa population) Gadus morhua    X    

Roundnose grenadier Coryphaenoides rupestris    X    
Beluga (Eastern Hudson 
Bay population) 

Delphinapterus leucas    X    

Beluga (Ungava Bay 
population) 

Delphinapterus leucas    X    

Cusk Brosme brosme     X   
American plaice 
(NLa population) 

Hippoglossoides platessoides     X   

Sowerby’s beaked whale Mesoplodon bidens      X  
Harbour porpoise Phocoena phocoena      X  
Killer whale (NW 
Atlantic/E Arctic 
populations) 

Orcinus orca      X  

American eel Anguilla rostrata      X  
Roughhead grenadier Macrourus berglax      X  
Polar bear Ursus maritimus      X  
Ocean pout Zoarces americanus       High priority 
Spinytail skate Bathyraja spinicauda       Mid priority 
Spiny eel Notacanthus chemnitzi       Mid priority 
Capelin Mallotus villosus        Mid priority 
Ringed seal Phoca hispida       Mid priority 
Sperm whale Physeter macrocephalus       Low priority 
Hooded seal Cystophora cristata       Low priority 
Harp seal Phoca groenlandica       Low priority 

Sources: SARA website (http://www.sararegistry.gc.ca/default_e.cfm) (as of March 2010); COSEWIC website (http://www.cosepac.gc.ca/index.htm) (as of March 2010). 
aNewfoundland and Labrador. 
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Chevron Canada Resources will monitor SARA issues through the Canadian Association of Petroleum 
Producers (CAPP), the law gazettes, the Internet and communication with DFO and Environment 
Canada, and will adaptively manage any issues that may arise in the future.  The company will comply 
with relevant regulations pertaining to SARA Recovery Strategies and Action Plans.  Chevron Canada 
Resources acknowledges the rarity of the Species at Risk and will continue to exercise due caution to 
minimize impacts on them during all of its operations.  Chevron Canada Resources also acknowledges 
the possibility of other marine species being designated as endangered or threatened on Schedule 1 
during the course of the Project.  Due caution will also be extended to any other species added to 
Schedule 1 during the life of this Project. 
 
Species profiles and any related special or sensitive habitat are described in the following subsections. 
 
4.6.1 Profiles of SARA-listed and COSEWIC-considered Species 
 
4.6.1.1 Blue Whale 
 
The blue whale has a cosmopolitan distribution, but tends to be more frequently observed in deep water 
than in coastal environments (Jefferson et al. 2008).  Blue whales became severely depleted during 
industrial whaling and still occur at relatively low densities in the N Atlantic.  The Atlantic population of 
blue whales is considered endangered on SARA Schedule 1, and by COSEWIC.  A recently finalized 
recovery strategy for blue whales in the NW Atlantic is available with a long-term recovery goal to 
reach a total of 1,000 mature individuals through the achievement of three 5-year objectives 
(Beauchamp et al. 2009).  No Critical Habitat was identified.  Blue whales likely number 
in the low hundreds in the NW Atlantic and have been sighted only sporadically off the Labrador coast 
(COSEWIC 2002a).  However, resightings of an individual support one proposed hypothesis that blue 
whales from eastern Canada migrate in the spring to Davis Strait (COSEWIC 2002a).  According to the 
Labrador Shelf SEA, there have also been rare sightings of blue whales offshore of Labrador, although 
this may at least partially be attributable to poor observer coverage in the Project Area.  There were no 
sightings of blue whales in the Study Area in the DFO cetacean sightings database (Figure 4.36), but 
there is also likely reduced effort offshore of Labrador.  Blue whales feed primarily on krill and their 
distribution is often associated with areas of upwelling or shelf edges where their prey may concentrate.  
The Labrador Shelf SEA suggests that blue whales are likely to occur on the Labrador Shelf in late 
winter and spring, but have been sighted in the region year-round. 
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Source: DFO cetacean sightings database, see Section 4.5 background for description and caveats 
associated with these data. 
 

Figure 4.36 Sightings of SARA-listed cetaceans and those considered by COSEWIC in the Study 
Area  

 
4.6.1.2 Northern Bottlenose Whale 
 
The distribution of northern bottlenose whales is restricted to the N Atlantic, primarily in deep, offshore 
areas with two regions of concentration: The Gully and adjacent submarine canyons on the eastern 
Scotian Shelf, and Davis Strait off northern Labrador (Reeves et al. 1993).  Throughout their range, 
northern bottlenose whales were harvested extensively during industrial whaling, which likely greatly 
reduced total numbers (COSEWIC 2002b).  The total abundance of northern bottlenose whales in the N 
Atlantic is unknown, but ~163 individuals comprise the Scotian Shelf population (Whitehead and 
Wimmer 2005).  Although the Scotian Shelf population is designated endangered under Schedule 1 of 
SARA and by COSEWIC, the Davis Strait population has no status under SARA and is considered not at 
risk by COSEWIC.  It is unclear to which population animals occurring in the Study Area belong.  The 
Labrador population is considered to occur in the area year-round, with mating and births occurring in 
April (COSEWIC 2002b).  Occurring primarily in deep waters over canyons and the shelf edge, whales 
tagged on the Scotian Shelf routinely dove to depths over 800 m and remained submerged for over an 
hour (Hooker and Baird 1999).  Foraging apparently occurs at depth, primarily on deep-water squid and 
fish (COSEWIC 2002b).  Northern bottlenose whales are likely to occur at low densities, but year-
round, throughout the deep, offshore waters of the Labrador Sea.   Based on the DFO cetacean sightings 
database, northern bottlenose whales have been sighted in the deeper waters and near the shelf break of 
the Study Area from July to December (Figure 4.36).  There was also one northern bottlenose whale 
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sighting (of a single animal) during a summer 2007 aerial survey offshore of Labrador (Lawson and 
Gosselin 2009; see Section 4.5). 
 
4.6.1.3 Leatherback Sea Turtle 
 
The largest and most widely ranging of sea turtles, the leatherback sea turtle ranges from sub-polar and 
cool temperate foraging grounds to tropical and sub-tropical nesting areas in all of the world’s oceans 
(Spotila 2004).  There are an estimated 26,000 to 43,000 individuals globally (Dutton et al. 1999), but 
there is no current estimate of the number of leatherbacks using eastern Canada waters.  Leatherback sea 
turtle is designated as endangered (Schedule 1) on SARA and by COSEWIC.  In the recovery strategy 
for leatherback sea turtle in the Canadian Atlantic Ocean, the recovery goal is to “achieve the long-term 
viability of the leatherback turtle populations frequenting Atlantic Canadian waters” via six supporting 
objectives (ALTRT 2006).  No critical habitat was designated in ALTRT (2006).  Adult leatherbacks are 
considered regular summer visitors to eastern Newfoundland, with the northernmost records occurring 
off Labrador at nearly 54ºN; observations around Newfoundland and Labrador occur from June to 
November, but are most common in August and September (Goff and Lien 1988).  Exhibiting wide-
ranging oceanic movements, leatherbacks occur in pelagic regions of the N Atlantic to forage on 
gelatinous zooplankton (Hays et al. 2006).   DFO Newfoundland Region has maintained a database of 
leatherback turtle sightings and entanglements in Newfoundland and Labrador (J. Lawson, DFO 
Research Scientist, pers. comm.).  However, no leatherback turtle observations were made in the Study 
Area.  
 
4.6.1.4 Ivory Gull 
 
Ivory Gull is designated as endangered on Schedule 1 of SARA.  The Ivory Gull nests at sites in the 
High Arctic. There are small, scattered colonies in the Canadian Arctic, Greenland, Spitsbergen and the 
northern islands and archipelagos of Russia in the Kara Sea. The current status of the global Ivory Gull 
population is poorly known.  It is rare on a global scale with fewer than 14,000 pairs (COSEWIC 
2006c).  The Canadian Arctic supports a significant but declining population of Ivory Gull.  The 
Canadian breeding population was estimated at 2,400 individuals in the early 1980s (Thomas and 
MacDonald 1987).  Extensive surveys of historic breeding sites and adjacent breeding habitat in 2002 
and 2003 and interviews with Inuit residents indicate the breeding population in Canada has declined by 
80% (Gilchrist and Mallory 2005). Currently, the Canadian breeding population is estimated at 
approximately 500 to 600 individuals, based on surveys conducted between 2002 and 2005 (Gilchrist 
and Mallory 2005).  Reasons for the apparent decline of the Canadian breeding population are uncertain.  
The winter range of the Ivory Gull in the NW Atlantic is among sea ice from the Davis Strait south to 
about 50º to the Labrador Sea (Orr and Parsons 1982).  In some years, this includes the Strait of Belle 
Isle, and northern Gulf of St. Lawrence, the east coast of Newfoundland particularly the Northern 
Peninsula of Newfoundland, and the Lower North Shore of Quebec (COSEWIC 2006c).  The population 
that winters off the Atlantic Coast may include Ivory Gulls breeding in east Greenland based upon 
banding recoveries. Ten adult Ivory Gulls banded in early April 1964 and 1966 in the Labrador Sea were 
recovered shot in Greenland 2 to 17 years later (Lyngs 2003).   
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A recent marine bird survey conducted within the pack ice off the coast of Newfoundland and Labrador 
in March 2004 observed few Ivory Gulls (0.02 per 10 min watch), compared with 1978, when Ivory 
Gulls were commonly observed at that time of year in this region (0.69 per 10 min. watch; Stenhouse 
and Wells, unpubl. data in COSEWIC 2006c). During the OLABS program in 1981 to 1982, twelve 
Ivory Gulls were observed on Makkovik Bank during 16-18 April 1981 (McLaren et al. 1983).  Most of 
150 Ivory Gulls recorded during surveys conducted off Labrador and northeast Newfoundland in the 
time period of 16-21 February 1982 were located on Makkovik and Hamilton Bank (McLaren et al. 
1983). In general, Ivory Gulls were observed where ice cover ranged from 26% to 75% especially at or 
near the edge of pack ice (McLaren et al. 1983).  Ivory Gull is known as ‘ice partridge’ to some 
residents of coastal Labrador indicating a regular presence in the winter months.  Recent inland records 
of Ivory Gull of include three sightings from western Lake Melville (Labrador Shelf SEA).  The diet of 
Ivory Gull is various small fish including lanternfish and Arctic cod, crustaceans and carrion (Haney and 
MacDonald 1995).  Ivory Gull are sometimes observed scavenging byproducts of the Labrador seal hunt 
during late winter and spring.   
 
Ivory Gull is probably present in globally significant numbers in the Study Area when pack ice is 
present or near the Study Area from December to April or May. 
 
4.6.1.5 Wolffishes 
 
Three species of wolffish (i.e., northern, spotted, and Atlantic) are the only fishes currently designated 
on Schedule 1 of SARA.  Both the northern and spotted wolffishes are currently designated as threatened 
on Schedule 1 of SARA and under COSEWIC.  The Atlantic wolffish is currently considered as special 
concern on Schedule 1 of SARA and under COSEWIC.  A recovery strategy for northern and spotted 
wolffishes and a management plan for Atlantic wolffish were recently published (Kulka et al. 2007). 
 
Wolffish, also known as catfish, are solitary bottom-dwelling fish.  They typically occur over hard clay 
and sand substrates (Scott and Scott 1988).  Three species of wolffish are found in the Study Area:  
Atlantic wolffish (= striped wolffish; Anarhichas lumpus), spotted wolffish (Anarhichas minor), and 
northern wolffish (= broadhead wolffish; Anarhichas denticulatus).  These three species have a large 
distribution in the NW Atlantic, inhabiting most of the Labrador and Newfoundland shelves from the 
Davis Strait south to the Gulf of Maine (Kulka and DeBlois 1996; DFO 2002; Kulka et al. 2007).  The 
three wolffish species in Labrador Shelf waters are found at depths between 20 m and 1,500 m.  
Northern wolffish occupy the widest and deepest range and Atlantic wolffish occupies the narrowest. 
Temperature is an important factor for wolffish with all three species having a narrow thermal range of 
above-average bottom temperatures (mainly 1.5°C to 5°C) (Kulka et al. 2004; Kulka et al. 2007). At the 
periods of their lowest abundances (1990 to 1995), wolffish were restricted to the warmest locations 
available along the outer shelves (Kulka et al. 2004). It addition to temperature sensitivities, wolffish 
also seem not to be tolerant of low salinities and have distributions related to sediment type. The 
Atlantic wolffish avoid muddy substrates, whereas the spotted and northern wolffish are distributed over 
a variety of sediment types (Kulka et al. 2004).  Tagging studies conducted in the 1960s have shown that 
wolffish are sedentary and undergo limited migration.  Most individuals were recaptured within 8 km of 
release (Templeman 1984).   
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Wolffish are bathypelagic and benthic predators, preying on jellyfish, comb jellies, crabs, bivalves, 
echinoderms and fish (primarily those discarded by trawlers).  There are few predators of wolffish 
species.  Northern wolffish have been found in the stomachs of redfish and Atlantic cod.  Spotted 
wolffish have been found in the stomachs of pollock, Atlantic cod, and Greenland sharks (Somniosus 
microcephalus).  Predation of Atlantic wolffish has not been observed; however, juveniles have been 
found in the stomachs of Atlantic cod (Scott and Scott 1988). 
 
Because wolffish are not the direct target of a commercial fishery, there is little information on their life 
history in Canadian waters.  It is known that they have low productivity, with very few sperm and eggs 
produced per fish when compared with other fish species; although internal fertilization, nesting habits 
and egg guarding behaviour increases the potential for survival of the large (2 cm long) larvae (Keats et 
al. 1985; Pavlov 1994; Wiseman 1997).  As wolffish undergo limited migration, it is likely that they 
spawn within the Study Area.  Information regarding the spawning times and nesting and egg guarding 
behaviours of all wolffish is limited, but the northern wolffish appears to spawn in the late fall or early 
winter (Templeman 1985, 1986).   
 
4.6.1.6 Fin Whale 
 
Fin whales are distributed throughout the world’s oceans, but are most common in temperate and polar 
regions (Jefferson et al. 2008).  Fin whales were heavily targeted by commercial whalers in 
Newfoundland and Labrador, and current estimates for the NW Atlantic range from 2,269 to 2,814 
individuals (COSEWIC 2005; Waring et al. 2009).  They are designated as special concern on Schedule 
1 of SARA and by COSEWIC.  Fin whales continue to regularly occur in Newfoundland and Labrador 
waters, particularly during summer months.  Based on the DFO cetacean sightings database, fin whales 
have been sighted throughout the Study Area and from July to October (Figure 4.36).  There was also a 
single fin whale sighting offshore of Labrador during a summer 2007 aerial survey (Lawson and 
Gosselin 2009; see Section 4.5).  They feed on small schooling fish and krill and tend to be found in 
areas where these prey concentrate, such as in areas of upwelling, shelf breaks, and banks (COSEWIC 
2005).  Fin whales may stay on the Labrador shelf year-round or migrate to warmer mid-latitude waters, 
but little information on winter habitat is currently available. 
 
4.6.1.7 Atlantic Cod 
 
Four populations of Atlantic cod are being considered as Species at Risk: the Newfoundland and 
Labrador (NL) population, the Laurentian North population, the Maritimes population, and the Arctic 
population (COSEWIC 2003c). None of the four cod populations are currently designated on Schedule 1 
of SARA; however, the NL population is considered by COSEWIC as endangered while the Laurentian 
North population is considered threatened.  The Maritimes population and Arctic population are both 
considered as special concern under COSEWIC.  Cod in the NL population inhabit waters ranging from 
immediately north of Cape Chidley on the northern tip of Labrador southeast to Grand Bank off eastern 
Newfoundland.  For management purposes, cod is this population are treated as three separate stocks by 
DFO: (1) northern Labrador cod (NAFO Divisions 2GH), (2) “northern cod” i.e., those found off 
southeastern Labrador, the Northeast Newfoundland Shelf, and the northern half of Grand Bank (NAFO 
Divisions 2J3KL, and (3) southern Grand Bank cod (NAFO Divisions 3NO).  Cod in the Study Area are 
considered part of the northern Labrador (2GH) cod stock in the NL population.  Cod in NAFO Subdiv. 
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0AB are part of the Arctic population and are unlikely to occur in the Study Area.  The following 
paragraphs provide an overall summary of the life history and ecology of Atlantic cod in Canadian 
waters, regardless of cod population or stock.   
 
The Atlantic cod is a demersal fish that inhabits cold (10 to 15°C) and very cold (less than 0 to 5°C) 
waters in coastal areas and in offshore waters overlying the continental shelf throughout the NW and NE 
Atlantic Ocean (COSEWIC 2003c).  The species is found contiguously along the east coast of Canada 
from Baffin Island to Georges Bank.  Outside Canadian waters in the NW Atlantic, cod can be found on 
the northeast and southeast tips of Grand Bank and on Flemish Cap.  During the first few weeks of life, 
cod eggs and larvae are found in the upper 50 m of the water column.  As juveniles, cod are settled on 
the bottom and tend to occur in nearshore habitats with vertical structure such as eelgrass (Zostera 
marina) and macroalgae.  As adults, the habitat requirements of cod are increasingly diverse. 
 
Atlantic cod typically spawn over a period of less than three months in water that may vary in depth 
from tens to hundreds of metres (COSEWIC 2003c).  Cod are described as batch spawners because only 
a small percentage (5 to 25%) of the female’s egg total is released at any given time during a three to six 
week period.  After hatching, larvae obtain nourishment from a yolk sac until they have reached a length 
of 1.5 to 2.0 mm.  During the larval stage, the young feed on phytoplankton and small zooplankton in 
the upper 10 to 50 m of the water column.  After the larval stage, the juveniles settle to the bottom where 
they appear to remain for a period of 1 to 4 years.  These settlement areas are known to range from very 
shallow (<10 to 30 m) coastal waters to moderately deep (50 to 150 m) waters on offshore banks.  After 
this settlement period, it is believed that the fish begin to undertake seasonal movements and migrations 
characteristic of adults. 
 
Dispersal in Atlantic cod appears to be limited to the egg and larval phases of life, during which 
surface and near-surface water currents and turbulence are the primary determinants of horizontal and 
vertical displacement in the water column (COSEWIC 2003c). For some cod populations, eggs and 
larvae are capable of dispersing very long distances. For example, cod eggs spawned off southeastern 
Labrador (NAFO Division 2J) may possibly disperse as far south as Grand Bank. By contrast, eggs 
spawned by cod in inshore, coastal waters, especially at the heads of large bays, may experience 
dispersal distances of a few kilometres or less.  
 
Long-term movements by cod take the form of seasonal migrations (COSEWIC 2003c). These 
migrations can be attributed to geographical and seasonal differences in water temperature, food supply, 
and possibly spawning grounds. At one extreme, some inshore populations are suspected to have 
extremely short migrations, possibly limited to tens of kilometres, or less, in distance. By contrast, cod 
in other populations are known to traverse hundreds of kilometres during their seasonal migrations.  
 
Since the early 1970s, the northern Labrador cod stock (2GH) has been managed separately from 
southern Labrador cod (2J) because of differing characteristics (e.g., growth rates) of the stocks (ICNAF 
1973).  In addition, stock separation was influenced by over-fishing experienced in the 1960s, which 
affected the cod stock more in northern Labrador than in southern areas (Pinhorn 1976).  According to 
COSEWIC (2003c), cod abundance in the inshore and offshore waters of Labrador and northeastern 
Newfoundland have declined by more than 99% since the 1960s and are currently at historical lows.  
Virtually no recovery of either abundance or age structure of offshore cod has been observed since the 
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moratoria were imposed in the early 1990s and threats to persistence include fishing, predation by fish 
and seals, and natural and fishing-induced ecosystem changes.  No catch has been reported for 2GH 
since 1991 and the stock remains at a low level (DFO 2005a).   
 
4.6.1.8 Roundnose Grenadier 
 
Although not designated on Schedule 1 of SARA, roundnose grenadier is currently considered 
endangered under COSEWIC (COSEWIC 2008a). 
 
Distributed in the NW Atlantic from Cape Hatteras to Greenland, the roundnose grenadier is a 
deepwater, demersal fish found in continental slope areas at depths of 200 to 2,000+ m (Atkinson 1995).  
This species is thought to undergo seasonal migrations with individuals in northeast Newfoundland 
waters occupying deeper water in winter and shallower water in late summer.  Diurnal vertical 
migrations also occur that may carry them more than 1,000 m off the bottom (COSEWIC 2008a).  The 
long-lived, late-maturing, slow-growing species has a low fecundity and is potentially vulnerable to 
overfishing (Devine and Haedrich 2008).  The roundnose grenadier harvest has been under a 
moratorium in Canadian waters in NAFO Subareas 2 and 3 since the 1990s, but may be harvested as 
bycatch in other fisheries (Power 1999).  Roundnose grenadier spawning grounds are largely unknown 
and suspected to be in waters deeper than 850 m.  Spawning is believed to occur either in different areas 
throughout the NW Atlantic (COSEWIC 2008a) or predominately in Icelandic waters with the passive 
eggs and larvae carried to other areas in the NW Atlantic by currents (Scott and Scott 1988).  The 
spawning time is uncertain, but believed to occur throughout the year with more intense spawning 
occurring during particular periods.  These periods appear to vary between areas (Atkinson 1995).  The 
roundnose grenadier feeds on a variety of small crustaceans and euphasiids, squid, and small fishes.  
This slow swimming species, in turn, is possibly consumed by other fishes (Scott and Scott 1988).    
 
4.6.1.9 Beluga Whale 
 
Beluga whales have a circumpolar distribution, being found in Arctic waters of Alaska, Canada, 
Greenland, Russia, and Norway (Jefferson et al. 2008).  Based on distinct summer distributions and 
genetic isolation, seven populations are recognized in Canada with animals occurring offshore of 
Labrador likely representing either the Ungava Bay or eastern Hudson Bay populations (COSEWIC 
2004).  Both populations are small; the Ungava Bay population is too small to estimate and might have 
been extirpated while the eastern Hudson Bay population includes ~2000 individuals (COSEWIC 2004).  
Belugas were considered common in northern Labrador coastal waters during summer months until the 
1950s, but are now considered scarce and are reported occasionally each summer (COSEWIC 2004).  
However, two satellite-tagged individuals from the eastern Hudson Bay population were tracked to 
positions near Nain, Labrador in January (Lewis et al. 2003 in COSEWIC 2004), and DFO (2005b) 
suggests that eastern Hudson Bay animals overwinter along the Labrador coast.  Beluga whales migrate 
between open-water overwintering areas to spring and summer calving and foraging areas, typically 
close to river estuaries or located in offshore areas.  In the fall, they may forage intensively in deep-
water areas offshore, eating a variety of fish and invertebrates (COSEWIC 2004).  There were four 
beluga whale sightings (of 89 individuals) during a summer 2007 aerial survey offshore of Labrador 
(Lawson and Gosselin 2009; see Section 4.5). 
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4.6.1.10 Cusk 
 
Although not designated on Schedule 1 of SARA, cusk is currently considered threatened under 
COSEWIC (COSEWIC 2003d).   
 
Cusk are solitary, slow-swimming groundfish that occur on both sides of the N Atlantic.  In Canadian 
waters, this species is most common in the Gulf of Maine, Gulf of St. Lawrence and the southwestern 
Scotian Shelf (Scott and Scott 1988; COSEWIC 2003d).  Although most common within a depth range 
of 128 to 144 m, some have been caught as deep as 600 m.  Adult cusk prefer structured hard bottom 
habitat and a depth range of 400 to 600 m (DFO 2008e).  The preferred habitat of juvenile cusk is not 
known (DFO 2008e).  Spawning occurs from May to August, peaking in June, in Scotian Shelf waters.  
The diet of cusk is not well documented because their stomachs usually evert when they are brought to 
the surface.  Studies have shown that in European waters, cusk feed on crab, molluscs, krill, cod, and 
halibut.  Their diet is presumed to be the same in Canadian waters (Scott and Scott 1988). 
 
4.6.1.11 American Plaice 
 
The Newfoundland and Labrador population of American plaice is being considered as Species at Risk.  
Although the Newfoundland and Labrador population currently has no status on SARA, it is considered 
threatened under COSEWIC (COSEWIC 2009b).   
 
American plaice (Hippoglossoides platessoides) is a bottom-dwelling flatfish that resides on both sides 
of the Atlantic (2006b; COSEWIC 2009b).  American plaice that reside in the W Atlantic region range 
from the deep waters off Baffin Island and western Hudson’s Bay southward to the Gulf of Maine and 
Rhode Island (Scott and Scott 1988).  In Newfoundland waters, plaice occurs both inshore and offshore 
over a wide variety of bottom types (Morgan 2000).  It is tolerant of a wide range of salinities and has 
been observed in estuaries (Scott and Scott 1988; Jury et al. 1994).  Plaice are typically found at depths 
of approximately 90 to 250 m, but have been found as deep as 1,383 m.  Most commercially harvested 
plaice are taken at depths of 125 to 200 m.  It is a coldwater species, preferring water temperatures of 
0°C to 1.5°C (Scott and Scott 1988).  Tagging studies in Newfoundland waters suggest that, once 
settled, juveniles and adults are rather sedentary and do not undertake large scale migrations (DFO 
2008f).  However, older plaice have been known to move up to 160 km (Powles 1965).  Migrations have 
been observed in Canadian waters to deeper offshore waters in the winter, returning to shallower water 
in the spring (Hebert and Wearing-Wilde 2002 in Johnson 2004).   
 
In Newfoundland waters, American plaice spawn during the spring (Scott and Scott 1988).  Within the 
Study Area, there are limited data with respect to the actual spawning times.  American plaice in the 
Newfoundland Region have no specific spawning areas; rather spawning occurs over the entire area 
occupied (DFO 2008f) with the most intense spawning coincident with areas where the higher 
abundance of adults are found (Busby et al. 2007).  Limited data in southern areas (e.g., Burgeo Bank, 
St. Pierre Bank and along the slopes of the Laurentian Channel and Hermitage Channel) indicate that 
spawning does occur in April and possibly other months (Ollerhead et al. 2004).  In addition, spawning 
in southern areas (e.g., St. Pierre Bank) typically occurs in water temperatures of 2.7°C (Scott and Scott 
1988).  Large quantities of eggs are released and fertilized over a period of days on the seabed (Johnson 
2004).  Eggs are buoyant and drift into the upper water column, where they are widely dispersed, 
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allowing for some intermingling of stocks.  Intermingling of adults is minimal.  Hatching time is 
temperature dependant, occurring in 11 to 14 days at temperatures of 5°C (Scott and Scott 1988).  
Larvae are 4 to 6 mm in length when they hatch and begin to settle to the seabed when they reach 18 to 
34 mm in length and their body flattens (Fahay 1983). 
 
4.6.1.12 Sowerby’s Beaked Whale 
 
The Sowerby’s beaked whale is a small beaked whale found only in the N Atlantic, primarily in deep, 
offshore temperate to subarctic waters (COSEWIC 2006d).  It is the most northerly distributed of the 
Mesoplodon spp., with all but one record occurring in the NW Atlantic between New England and 
Labrador (MacLeod 2000; MacLeod et al. 2006).  There are an unknown number of Sowerby’s beaked 
whales in the N Atlantic, but they are only rarely encountered offshore of eastern Newfoundland and 
Labrador.  They are most often observed in deep water, along the shelf edge and slope.  COSEWIC 
(2006d) notes that mesoplodonts observed in Davis Strait during summer 2003 were likely Sowerby’s 
beaked whales.  Designated as special concern (Schedule 3) under SARA and by COSEWIC, it is 
unclear if Sowerby’s beaked whales are uncommon or poorly surveyed due to their deep-diving 
behaviour, small size, and offshore habitat.  Observations most frequently occur during the summer, but 
observer effort is considerably increased during this season in offshore areas northeast of Newfoundland 
and Labrador (COSEWIC 2006d).  Based on analysis of stomach contents, they appear to prefer mid to 
deep-water fish and squid (MacLeod et al. 2003).  Despite the paucity of confirmed sightings, 
Sowerby’s beaked whales may occur in low densities in deep areas offshore of Labrador. 
 
4.6.1.13 Harbour Porpoise 
 
Harbour porpoises occur in continental shelf regions of the northern hemisphere, including from Baffin 
Island to New England in the NW Atlantic (Jefferson et al. 2008).  There are at least three populations 
recognized in the NW Atlantic: eastern Newfoundland and Labrador, the Gulf of St. Lawrence, and the 
Gulf of Maine/Bay of Fundy (Palka et al. 1996).  There are currently no range-wide population estimates 
for eastern Canada, largely due to a lack of any estimates for the Newfoundland and Labrador sub-
population (COSEWIC 2006b).  In the Atlantic, harbour porpoises are considered threatened (Schedule 
2) on SARA and of special concern by COSEWIC.  Limited information is available regarding 
distribution and movements of harbour porpoises in Newfoundland and Labrador.  Data on harbour 
porpoises incidentally caught in groundfish gillnets suggest that they occur around the entire island of 
Newfoundland and in southern Labrador (Lawson et al. 2004); bycatch data also indicate that harbour 
porpoises occur over the continental shelf and as far north as Nain and in the Labrador Sea (Stenson and 
Reddin 1990 in COSEWIC 2006b).  Harbour porpoises have also been sighted further north of the 
Project Area along the 1,000 m depth contour on the Canadian side of Davis Strait to 61º15’N 
(COSEWIC 2006b).  In general, harbour porpoises are primarily observed over continental shelves and 
in areas with coastal fronts or upwelling that concentrate small schooling fish, although sightings also 
occasionally occur in deeper waters (Read 1999).  Bycaught porpoises in Newfoundland appear to 
primarily consume capelin, Atlantic herring, sand lance, and lantern fish (COSEWIC 2006b).  Harbour 
porpoises typically occur singly or in small groups of up to three individuals, occasionally occurring in 
larger groups (COSEWIC 2006b).  The Labrador Shelf SEA indicates that harbour porpoises are most 
likely to occur in the Labrador Sea from spring to fall.  There were a small number of harbor porpoise 
sightings in the Study Area in the DFO cetacean sightings database (Figure 4.36).  
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4.6.1.14 Killer Whale 
 
Killer whales have a cosmopolitan distribution and occur in all oceans from polar pack ice to the 
equator, but they appear to be most common in coastal areas of higher latitudes (Jefferson et al. 2008).  
An unknown number of killer whales occur in the NW Atlantic, but at least 63 individuals have been 
identified in Newfoundland and Labrador (Lawson et al. 2007).  Killer whales offshore of Labrador and 
eastern Newfoundland are likely members of the eastern Arctic or Atlantic populations, which were 
recently categorized as special concern by COSEWIC but have no status under SARA.  Killer whale 
movements are generally related to the distribution and abundance of their primary prey, which can 
include fish, other marine mammals, seabirds, and cephalopods (Ford et al. 2000).  In Newfoundland 
and Labrador, killer whales have been observed approaching, attacking, and/or consuming other 
cetaceans, seals, seabirds and several species of fish; however, it is not known if there is any prey 
specialization among killer whale groups or individuals (Lawson et al. 2007).  Observed group sizes 
range from 1 to 60 individuals, averaging 5.1 whales (Lawson et al. 2007).  Although they occur at 
relatively low densities, killer whales are considered year-round residents of Newfoundland and 
Labrador (Lien et al. 1988; Lawson et al. 2007).  Sightings seem to be increasing in recent years, but it is 
unclear if this is due to increasing abundance or observer effort.  While sightings are also more common 
in coastal areas than offshore (Lawson et al. 2007), it is unclear whether this due to higher observer 
effort nearshore or a true representation of killer whale distribution.  There were four killer whale 
sightings in the Study Area, based on sightings in the DFO cetacean sightings database; all occurred 
from June to September (Figure 4.36). 
 
4.6.1.15 American Eel 
 
Although not designated on Schedule 1 of SARA, American eel is currently considered special concern 
under COSEWIC (COSEWIC 2006e). 
 
The American eel is the W Atlantic representative of the worldwide genus Anguilla, whose members 
spawn in ocean waters, migrate to coastal and inland continental waters to grow, and then return to 
ocean spawning grounds to reproduce and die (Cairns et al. 2008).  The historic Canadian range 
encompassed all accessible fresh water, estuaries and coastal marine waters connected to the Atlantic 
Ocean as far north as the mid-Labrador coast.  Continental shelves are used by juvenile eels arriving 
from spawning grounds, and by silver eels, after several years in fresh water, returning to the spawning 
grounds.  Spawning takes place in the Sargasso Sea, located south of Bermuda and east of the Bahamas.  
 
Hatched larvae develop a leaf-like shape and are termed leptocephali (COSEWIC 2006e). American eel 
leptocephali drift westward towards the continental shelf, where they metamorphose into small, 
transparent glass eels, which have the serpentine shape of the adult form. As glass eels move into 
inshore waters, they develop pigmentation and become elvers.  Elver arrival generally occurs in May 
and early June on the Atlantic coast of the Maritime Provinces, and in summer in the Gulf of St. 
Lawrence. Some elvers remain in shallow protected salt water, some move into estuaries, and some 
move into fresh water. Elvers become yellow eels, which have a dark back and a yellowish belly. Sexual 
differentiation occurs during the yellow phase and appears to be controlled by environmental factors. 
Density appears to be the dominant influence, with high densities promoting the production of males. 
Females are dominant in many locations in Canada with the notable exceptions being the upper St. 
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Lawrence River and Lake Ontario.  When yellow eels reach a certain size, their bellies turn silver and 
they prepare for the spawning migration.  Eels that occupy brackish and salt water tend to grow more 
rapidly than those in fresh water and thus return to spawning grounds at a younger age.  Yellow eels in 
fresh water may continue to migrate for many years before returning to the spawning ground. 
 
Newfoundland, including Labrador, is the most data-poor area of the American eel’s Canadian range, 
and has no data sets that indicate abundance trends or absolute abundance at any life stage.    
 
4.6.1.16 Roughhead Grenadier 
 
Although not designated on Schedule 1 of SARA, roughhead grenadier is currently considered as special 
concern under COSEWIC (COSEWIC 2007). 
 
The roughhead grenadier (Macrourus berglax) occurs in deep water along coasts in subarctic to 
temperate waters on both sides of the N Atlantic. In the NW Atlantic, this species of grenadier occurs 
from Davis Strait along the continental slope, off Newfoundland, off Nova Scotia on Banquereau, Sable 
Island and Browns Bank, and on Georges Bank (Scott and Scott 1988). The roughhead grenadier is 
predominant at depths ranging from 800 to 1,500 m, although they may inhabit depths between 200 and 
2,000 m (Murua and De Cardenas 2005 in Gonzalez-Costas and Murua 2007). Catches tend to be 
highest at water temperatures ranging between 2.0 and 3.5ºC (Scott and Scott 1988). The roughhead 
grenadier is an abundant and widespread species in the NW Atlantic. This fish generally occurs both on 
the shelf and on the continental slope at depths ranging from 400 to 1,200 m. It has been found at depths 
as shallow as 200 m and as deep as 2,700 m. 
 
Spawning is thought to occur during the winter and early spring. Little is known about the spawning 
grounds of this fish off Newfoundland although some believe that some spawning does occur on the 
southern and southeastern slopes of the Grand Banks (Scott and Scott 1988; COSEWIC 2007). Food on 
the roughhead grenadier consists of a variety of benthic invertebrates including bivalve molluscs, 
shrimp, seastars, polychaetes and some fish. These grenadier have been found in the stomachs of 
Atlantic cod. 
 
This grenadier species is quickly becoming an important commercial fish in the NW Atlantic. Presently 
its fishery is unregulated since it is usually taken as bycatch in the Greenland halibut fishery. 
 
4.6.1.17 Polar Bear 
 
The polar bear has a circumpolar distribution in the Arctic Ocean, and ranges from Newfoundland to 
Ellesmere Island in eastern Canada (Jefferson et al. 2008).  Thirteen sub-populations are recognized, 
including the Davis Strait population that ranges from southern Baffin Island, Davis Strait, southwestern 
Greenland, along Labrador, and to northeastern Newfoundland (COSEWIC 2008b).  Within Canada, 
Greenland, and Alaska, there are an estimated 15,500 individuals (COSEWIC 2008b), including ~2,100 
bears in the Davis Strait population (Peacock et al. 2006 in COSEWIC 2008b).  Polar bears have no 
status under SARA but are considered special concern by COSEWIC.  Polar bears are generally more 
common in northern Labrador, particularly on pack ice during winter and spring, but were perhaps more 
common historically in southern Labrador prior to human encroachment and harvest (see Labrador Shelf 
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SEA).  However, elders from Nain, Labrador have indicated an increase in polar bears as well as a 
shoreward shift in distribution in recent years, potentially as a response to climate change (COSEWIC 
2008b).  Ringed seals are the primary prey of polar bears, and the polar bear’s distribution is closely 
associated with that of seals.  Polar bears are found in sea ice areas along the coast from early winter 
until breakup in late spring, when they retreat to coastal areas until sea ice returns in the fall.  Pregnant 
females excavate dens in the late fall, typically close to the coast, and cubs are born between November 
and January (COSEWIC 2008b). 
 
4.6.1.18 Ocean Pout 
 
The ocean pout is currently considered a high priority candidate species by COSEWIC.  The ocean pout 
is a bottom dweller that uses a wide variety of habitats.  This fish typically spawns in protected habitats, 
such a rock crevices, where it lays eggs in a nest and subsequently guards the eggs as they develop.  It 
has been suggested that ocean pout larvae remain close to the nest site.  Juvenile ocean pout are often 
found in shallow coastal waters around rocks and attached algae (Steimle et al. 1999).  Scott and Scott 
(1988) reported that adult ocean pout in Canadian waters typically occur at depths ranging from 55 to 
110 m.  Ocean pout tend to feed on benthic organisms. 
 
4.6.1.19 Spinytail Skate 
 
Although not designated on Schedule 1 of SARA, spinytail skate is currently considered a mid priority 
candidate species under COSEWIC. 
 
The spinytail skate (spinetail ray) is a coldwater skate that is reported infrequently in Canadian Atlantic 
waters (Scott and Scott 1988).  The species reportedly occurs off Newfoundland and in the Gulf of St. 
Lawrence.  It is occasionally caught off southeast Nova Scotia to the eastern slope of Georges Bank.  
This skate usually occurs at depths below 165 m where water temperatures range from -1.5 to 3.3°C and 
it has been caught as deep as 1,463 m.  Much of the life history of the spinytail skate is unknown.    
 
4.6.1.20 Spiny Eel 
 
Although not designated on Schedule 1 of SARA, spiny eel is currently considered a mid priority 
candidate species under COSEWIC. 
 
The spiny eel is a bottom-living fish that typically occurs over a depth range of 250 to 1,000 m, but has 
been caught in waters as shallow as 125 m on the Grand Bank to more than 3,000 m off the coast of 
Ireland (Scott and Scott 1988).  Data suggest a northward migration of this species as individuals 
become older and larger.  Ripe specimens of the spiny eel have been found near Iceland in September 
and October yet little is known about the specifics of eggs and young of this species.  It is not known 
where in the water column the fertilized eggs develop or the young hatch from the eggs.  Spiny eels 
appear to be bottom feeders.  Identified stomach contents of this species include sea anemones.  
Predators of spiny eels are not known. 
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4.6.1.21 Capelin 
 
Although not designated on Schedule 1 of SARA, capelin is currently considered as a mid priority 
candidate species under COSEWIC. 
 
Capelin (Mallotus villosus) is a small pelagic species that has a circumpolar distribution in the northern 
hemisphere (DFO 2006c).  Capelin is a member of the smelt family (Osmeridae), olive in color with an 
elongated body and exhibit pronounced sexual dimorphism during spawning.  Capelin are often found 
along the coasts during the spawning season and occur predominately in offshore waters (e.g., Grand 
Banks) while immature and maturing.  Migration towards the coast precedes spawning on beaches or in 
deeper waters (Nakashima and Wheeler 2002; DFO 2006c).  The preferred spawning substrate is usually 
fine to coarse gravels.  On beaches, capelin usually spawn at 5 to 8.5°C, but have been observed to 
spawn at 4 to 10°C.  Beach spawning is more prevalent at night.  On the bottom, spawning temperatures 
can be as low as 2°C as observed on the Southeast Shoal, located far south of the Study Area.  Capelin 
are able to spawn at the age of two and males and most females usually die following spawning.  
Spawning commences in early June and may continue through July or August depending upon tides, 
winds and water temperatures (Nakashima and Wheeler 2002; Scott and Scott 1988).  
 
Eggs are yellow in color, 1 mm diameter and are attached to the substrate.  Incubation varies with 
ambient temperature and lasts approximately 15 days at 10°C (Scott and Scott 1988).  Once hatched, 
larval capelin can be found at the surface to depths >40 m (Frank et al. 1993).  Capelin prey consists of 
planktonic organisms comprised of primarily of euphausiids and copepods.  Capelin feeding is seasonal 
with intense feeding late winter and early spring leading up to the spawning cycle when feed ceases.  
Feeding recommences several weeks after cessation of spawning (Scott and Scott 1988). 
 
Capelin are major component in marine ecosystem dynamics as they facilitate the transfer of energy 
between trophic levels, principally between primary and secondary producers to higher trophic levels 
(DFO 2006c).  Capelin predators comprise most major fish species including Atlantic cod, haddock, 
herring, flatfish species, dogfish and others.  Several marine mammal species including minke whales, 
fin whales, harp and ringed seals as well as a variety of seabirds also prey on capelin.   
 
Other than the fishery, the primary cause of capelin mortality is predation and as such variations in 
capelin abundances are directly linked to natural causes (DFO 2006c).  Capelin have a short life span 
(usually five years or less), abundances are linked to a few age classes.  Management of capelin fisheries 
tends to be conservative as a result of the prominent role of capelin in the marine ecosystem.  
  
4.6.1.22 Ringed Seal 
 
Ringed seals are an ice-associated seal with a circumpolar distribution throughout the Arctic, occurring 
in areas with seasonal ice cover (Jefferson et al. 2008).  They occasionally range as far south as northern 
Newfoundland.  There is limited abundance information for ringed seals due to difficulties in accurately 
surveying ringed seals, but there are an estimated 1.3 million individuals in an area that includes the 
eastern Canadian Arctic, Labrador Sea, and west Greenland (NAMMCO n.d).  Ringed seals are the most 
abundant seal species in northern Labrador and are considered common throughout their range (Stenson 
1994).  Ringed seals have no status under SARA and are considered not at risk by COSEWIC, although 
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they are currently a mid priority candidate species.  Ringed seals prefer annual landfast ice with 
extensive snow cover, but also occur in offshore pack ice; pupping occurs in late winter to early spring 
using snow lairs built above the ice next to a breathing hole (Smith and Stirling 1975).  Moulting occurs 
on the ice following the spring breeding season until ice breakup, and intensive feeding occurs from late 
July through October in pelagic areas or among pack ice (Smith and Hammill 1981 in the Labrador 
Shelf SEA).  Ringed seals eat a variety of crustaceans, as well as Arctic cod, capelin, and sand lance 
(NAMMCO n.d.).  
 
4.6.1.23 Sperm Whale 
 
The sperm whale is most common in tropical and temperate waters, but is widely distributed and occurs 
from the edge of the polar pack ice to the equator (Jefferson et al. 2008).  Whitehead (2002) estimated a 
total of 13,190 sperm whales for the Iceland-Faroes area, the area north of it, and the east coast of North 
America combined, but Waring et al. (2009) reported an estimate of 4,804 animals for the N Atlantic.  
Sperm whales have no status under SARA and are designated not at risk by COSEWIC.  However, they 
are a low priority candidate species under COSEWIC.  Large aggregations or small groups of females 
and juveniles occur in tropical and sub-tropical regions, but males are most common singly or in small 
same-sex groups occurring at higher latitudes (Whitehead 2003).  Since males tend to range further 
north, sperm whales encountered in the Labrador Sea are more likely to be single males.  However, 
mixed groups with females and juveniles have occasionally been observed in higher latitudes and males 
can still form large same-sex aggregations (Whitehead and Weilgart 2000; Whitehead 2003).  Sperm 
whales appear to prefer deep waters off the continental shelf, particularly areas with high secondary 
productivity, steep slopes, and canyons that may concentrate their primary prey of large-bodied squid 
(Jaquet and Whitehead 1996; Waring et al. 2001).  Sperm whales are deep divers, routinely diving to 
hundreds of metres, sometimes to depths over 1,000 m and remaining submerged up to an hour 
(Whitehead and Weilgart 2000).  Sperm whales are most likely to occur in deep water and high relief 
areas offshore of Labrador, presumably during summer months.  In the Study Area, there were four 
sperm whale sightings in the DFO cetacean sightings database, all occurring from July to October 
(Figure 4.36).  
 
4.6.1.24 Hooded Seal 
 
Hooded seals are found in the N Atlantic, ranging from Nova Scotia to the high Arctic in Canada 
(Jefferson et al. 2008).  There are an estimated 593,500 individuals in the Canadian Atlantic, the 
majority of which (~535,800 animals) whelp and breed in the pack ice off northeast 
Newfoundland/southern Labrador in late winter-early spring (Hammill and Stenson 2006).  Hooded 
seals have no status under SARA and are considered not at risk by COSEWIC; however, they are 
currently a low priority candidate species.  Four primary pupping and mating areas occur in the N 
Atlantic and include northeast Newfoundland/southern Labrador, the Gulf of St. Lawrence, Davis Strait, 
and northeast Greenland (Jefferson et al. 2008).  Hooded seals aggregate in eastern Greenland to moult 
during early summer before dispersing to Davis Strait or the Greenland Sea for late summer and fall (see 
Hammill and Stenson 2006).  Less is known about winter distribution, although there have been winter 
sightings on the Grand Banks; recent telemetry data suggests that hooded seals move along the 
continental shelf edge after leaving Greenland moulting grounds to Davis Strait and Baffin Bay followed 
by southerly migrations into the Labrador Sea during winter (Andersen et al. 2009).  Hooded seals 
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consume benthic invertebrates like shrimp, Greenland halibut, redfish, Arctic cod, and squid (Hammill 
and Stenson 2000). 
 
4.6.1.25 Harp Seal 
 
Harp seals occur in the N Atlantic and Arctic oceans, from the Gulf of St. Lawrence to Russia (Jefferson 
et al. 2008).  They are considered the most abundant seal in the NW Atlantic, with recent estimates 
reaching 5.9 million in eastern Canada (DFO 2007c).  COSEWIC has not yet considered the status of 
harp seals, but they are a low priority candidate species with no status under SARA.  Harp seals are 
common during spring off northeast Newfoundland and southern Labrador where they congregate to 
breed and pup on the pack ice; the majority of the NW Atlantic population uses this region while the 
small remainder uses the Gulf of St. Lawrence (Lavigne and Kovacs 1988).  Harp seals migrate to 
Arctic and Greenland waters during summer, while offshore areas of southern Labrador and eastern 
Newfoundland appear to be major wintering areas (Stenson and Sjare 1997; Lacoste and Stenson 2000).  
Off Newfoundland and Labrador, harp seal diets are composed of capelin, Arctic cod, sand lance, 
herring, Atlantic cod, redfish, and Greenland halibut (Hammill and Stenson 2000). 
 

4.7 Potentially Sensitive Areas 
 
There are a variety of regulatory frameworks that deal directly or indirectly with sensitive areas in 
Newfoundland and Labrador.  Marine fisheries are administered by DFO through the federal Fisheries 
Act.  Management of marine mammals, including species at risk, is controlled by DFO under the Marine 
Mammals Regulations of the Fisheries Act.  All species at risk are administered under the Species at 
Risk Act (2002) which lists the species and provides measures to protect those species. Migratory birds, 
including species at risk, are solely or jointly managed (depending on the species) between Canada and 
the US through the CWS branch of Environment Canada. Current legislation and agreements regarding 
migratory birds include the Convention for the Protection of Migratory Birds (1916), Migratory Birds 
Convention Act and the North American Waterfowl Management Plan (CWS and United States Fish and 
Wildlife Services (USFWS) 1986; CWS, USFWS, and SEMARNAP 1998). Waterfowl are managed 
according to “flyways” denoting wintering and summering habitat connected by international migration 
corridors.  The Labrador region falls within the Atlantic Flyway.  Wildlife will be co-managed with the 
Nunatsiavut Government according to their recent agreement. 
 
Provincial parks are administered under the Provincial Parks Act (1970), while sensitive areas such as 
ecological reserves are administered under the provincial Wilderness and Ecological Reserves Act 
(1980).  National parks are administered under the National Parks Act (2000) and National Marine 
Conservation Areas (NCMAs) is established under the Canada National Marine Conservation Areas Act 
(2002).  Marine Protected Areas (MPAs) are administered under the Oceans Act (1996) which includes 
Gilbert Bay Marine Protected Regulations (2005) outlining the regulations applicable to Gilbert Bay, a 
marine protected area within Labrador coastal waters.   
 
According to the Labrador Shelf SEA, there are currently no designated sensitive areas located within 
the Study Area (see Figure 4.94 in the Labrador Shelf SEA).  The Study Area is located immediately 
adjacent to “The Zone” (see below) and located between two Parks Canada Representative Marine 
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Areas (NMCA candidate sites).  As noted in the Labrador Shelf SEA, the banks and channels of the 
Labrador Shelf are relatively high in terms of productivity and species diversity.  It should also be noted 
that important areas within the Study Area, though not specifically designated, may be important areas 
for corals, spawning, nursing, rearing, and/or migratory areas, and areas of traditional harvesting 
activities.      
 
As noted in the Labrador Shelf SEA, an area known as “The Zone” (Figure 4.1) encompasses 48,690 
km2 (18,800 square miles) of ocean extending to the limit of Canada’s territorial sea (Government of 
Newfoundland and Labrador 2008). This area was established under the Labrador Inuit Land Claims 
Agreement (2005).  A co-management board (The Torngat Joint Fisheries Board) appointed by the 
Government of Canada, Government of Newfoundland and Labrador, and the Nunatsiavut Government 
will be established as the primary body for making recommendations to governments on the 
conservation and management of fish in “The Zone”.  The provincial and federal governments will 
retain the overall responsibility for the conservation and management of the fishery in “The Zone”.  
Within “The Zone” Labrador Inuit will have the right to harvest fish and marine mammals for Inuit 
food, social and ceremonial purposes.  If conservation requires that fishing by Inuit be limited, the limits 
will be set by the federal minister based on a recommendation of the Nunatsiavut Government.  Inuit 
will be guaranteed a percentage of new or additional commercial fishing licences for specified species 
within and in waters adjacent to “The Zone”.  
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5.0 Effects Assessment 
 
Two general types of effects are considered in this document: 
 

1. Effects of the environment on the Project; and 
2. Effects of the Project on the environment, particularly the biological environment.  

 
Methods of effects assessment used here are comparable to those used in recent east coast offshore 
drilling (e.g., LGL 2006) and seismic EAs (e.g., LGL 2007a).  These documents conform to the 
Canadian Environmental Assessment Act (CEAA) and its associated Responsible Authority’s Guide and 
the CEA Agency Operational Policy Statement (OPS-EPO/5-2000) (CEA Agency 2000).  Cumulative 
effects are incorporated within the procedures in accordance with CEAA (CEA Agency 1994) as adapted 
from Barnes and Davey (1999) and used in the White Rose EA. 
 

5.1 Scoping 
 
The C-NLOPB provided a scoping document (dated 10 November 2009) for the Project which outlined 
the factors to be considered in the assessment.  In addition, various stakeholders were contacted for input 
(see below).  Another aspect of scoping for the effects assessment involved reviewing relevant and 
recent EAs that were conducted in Newfoundland and Labrador waters including (but not limited to) the 
Labrador Shelf infill-extension seismic EA (Canning and Pitt 2007), the Petro-Canada seismic EA (LGL 
2007a) and its addendum (LGL 2007b) which assessed geohazard surveys, the Husky new drill centre 
construction and operations program EA and addendum (LGL 2006a, 2007c), the White Rose Oilfield 
Comprehensive Study (Husky 2000), the Husky Jeanne d’Arc Basin exploration drilling EAs and update 
(LGL 2002, 2005a, 2006b), the Husky Jeanne d’Arc Basin 3-D seismic EA and update (LGL 2005b; 
Moulton et al. 2006a), the StatoilHydro Jeanne d’Arc Basin area seismic and geohazard program EA 
(LGL 2008), and the ConocoPhillips Laurentian Sub-Basin exploration drilling EA, addendum, and 
supplement (Buchanan et al. 2006, 2007; LGL 2009a), and seismic EA (Buchanan et al. 2004; LGL 
2009b).  Reviews of present state of knowledge were also conducted. 
 

5.2 Consultations 
 
In preparing the EA for its proposed 2010 to 2017 seismic survey program, CCR, along with 
representatives from Canning & Pitt Associates, Inc. and LGL Limited, consulted with relevant 
government agencies, representatives of the fishing industry, and other interest groups. The purpose of 
these consultations was to describe the planned program, to identify any issues and concerns and to 
gather additional information relevant to the EA report.  
 
Prior to consultations, in June 2009, CCR made a presentation at EXPO Labrador Conference about 
CCR, their interests in Atlantic Canada, and an overview of future plans within the newly acquired 
offshore Labrador ELs.  Introductory sessions were also held with the Nunatsiavut Government in June.  
CCR also visited Nain and Happy Valley-Goose Bay on 21-22 September 2009.  Consultation meetings 
were held with residents and other interest groups in Labrador communities from 21-30 October 2009.  
The communities visited included Nain, Rigolet, Happy Valley-Goose Bay, Postville, Makkovik, 
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Hopedale, and Cartwright where public meetings and quite often meetings with the town council were 
held when schedules permitted.  Meetings were also held with Torngat Fish Producers Co-operative 
Society Limited, Torngat Wildlife, Plants, and Fisheries Secretariat in Happy Valley-Goose Bay and 
with the FFAW, One Ocean, DFO, and Environment Canada in St. John’s.  A joint meeting was held 
with Innu representatives in Sheshatshiu on 12 January 2010.   
 
Meetings typically involved a presentation given by CCR which gave an overview of the company; its 
interests in Atlantic Canada and offshore Labrador; an introduction to seismic exploration; the typical 
process and extended duration to advance a project from early exploration through development; then 
outlined the proposed offshore seismic Project followed by a question and answer session.   
 
In early December 2009, other agencies and groups were e-mailed a brief description of the proposed 
2010 2-D survey program and a map of the Study and Project areas.  Each of these stakeholders was 
asked to review this information, provide any comments on the proposed activities and to let the 
proponent know if agency representatives would like to meet face-to-face to discuss the proposed 
program in more detail.  Follow-up contacts were undertaken with all groups later in December, and a 
final request for comments was sent in the second week of January 2010.  Groups consulted via email 
included: 
 

 Natural History Society of Newfoundland and Labrador (NHS); 
 Association of Seafood Producers; 
 Ocean Choice International Inc. (OCI); 
 Canadian Association of Prawn Producers (CAPP); 
 Groundfish Enterprise Allocation Council (GEAC, Ottawa); 
 Clearwater Seafoods; and 
 Icewater Seafoods. 

 
Appendix 1 provides a list of agency and industry officials who were consulted during the preparation of 
this EA.  
 
5.2.1 Issues and Concerns 
 
Specific comments and concerns raised and/or further discussed with relevant stakeholders are described 
below.  
 
During community meetings in Labrador, many of the same issues and concerns were expressed by 
meeting attendees.  Table 5.1 summarizes the issues and concerns, the communities which raised them, 
and the response of CCR and the LGL representative.  In addition to these concerns and questions, local 
knowledge about marine mammals and fishing activities was shared.  This information has been 
incorporated throughout the EA, most notably in the Commercial Fisheries section (Section 5.7.2). 
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Table 5.1 Summary of issues and concerns raised during community meetings in Labrador, 
21-30 October 2009.  

Issue/Concern/Key 
Question 

Community/Group CCR Response 

What are you exploring 
and potentially drilling 
for? 

Nain, Hopedale, 
HV-GB 

Available evidence indicates gas, but perhaps oil and gas. 

How will gas be 
transported? 

Nain, Hopedale Given today’s technology, likely via pipeline but this is 20 to 30 
years in the future and is not our area of expertise.  If CCR ever 
gets to this stage in the development then there will be drilling and 
pipeline experts that will come back and consult with you.  The 
permitting process for a pipeline would be very extensive. 

Is there going to be many 
jobs in Labrador? 

Rigolet, Postville, 
Cartwright 

There will not be many jobs available during the seismic 
programs—we expect to operate our seismic program for two 
weeks in 2010 and for about two months in 2011. But a lot of 
jobs, if we discover enough gas off Labrador, would be 20 to 30 
years down the road. 

People will need to know 
about potential jobs ahead 
of time so that they can 
get proper training.  

Rigolet, Postville, 
Hopedale 

Yes, we understand.  There will be little opportunity for training 
for the seismic program given that there are few jobs.  Most 
training opportunities would come down the road if and when 
CCR gets closer to production. a 

Does weather affect your 
operations? 

Postville Yes, we typically cannot conduct surveys when waves reach 2 to 3 
m. 

Icebergs will play a big 
role? 

Cartwright Yes, they will.  Icebergs limit our operating season off Labrador. 

What about local content 
and knowledge about 
wildlife? 

Hopedale We include this information in the EA whenever we can.  That is 
why it is important to hold these meetings, we can get good local 
information that is not publically available. 

Will other oil companies 
be exploring nearby? 

HV-GB Potentially yes.  Husky and Vulcan Minerals hold leases as well as 
a French company. 

Will there be a 
compensation program in 
place for lost or damaged 
fishing gear? 

HV-GB, Cartwright Yes, a compensation program will be in place but with good 
communication there should be no need for this. 

Do the sound waves 
affect whales and 
dolphins? 

HV-GB Yes, seismic survey pulses can affect whales and seals.  We 
consider masking, hearing impairment, potential physical effects, 
and behavioural effects in the environmental assessment.  The 
literature on these topics will be reviewed in the EA.  Based on 
laboratory studies, it is thought that whales and dolphins would 
have to be very close to an airgun array to incur permanent 
hearing damage.  However, there is no conclusive evidence to date 
to indicate dolphins and whales have incurred injury from seismic 
surveys.  Most effects of seismic surveys are thought to be 
behavioural and responses seem to be influenced by many factors. 
Most species will exhibit at least localized avoidance of the airgun 
array.  It should be noted that seismic programs use mitigation 
measures to minimize potential effects.  Mitigation measures 
include ramp-ups, use of MMOs to monitor safety zones, delay of 
startups if marine mammals are seen within a safety zone, shut-
downs of the array for threatened or endangered species.  These 
mitigation measures will be used during CCR’s seismic program.   

What about the effects of 
sound pressure on things 
like shellfish, specifically 
crab? 

Postville There have been studies of snow crab off of Cape St. Francis in 
Newfoundland and in Cape Breton.  The Newfoundland study 
found that there were no obvious effects on adult crab behaviour 
and health and on catch rates of crab.  There was some evidence 
that the eggs of one female lobster exposed at close range (2 to 3 
m) had effects on the development of eggs. 

a CCR did note that representatives would speak to high school students if possible.  HV-GB = Happy Valley-Goose Bay 
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During consultations with representatives of the Innu Nation, it was noted that there is a need to 
identify training opportunities for offshore oil and gas exploration and development projects and that 
the oil industry should participate in career days at schools. 
 

5.2.1.1 Torngat Wildlife, Plants, and Fisheries Secretariat 
 
During the meeting, representatives of the Torngat Wildlife, Plants, and Fisheries Secretariat asked 
whether seismic surveys affect fish and crabs.  It was explained that streamers were passive 
equipment and that most of the concern with seismic sound typically is for marine mammals.  It was 
also explained that there have been studies on the effects of seismic sound on crab off Newfoundland 
and Cape Breton, and numerous studies on fish and this literature would be reviewed in the EA.  The 
Torngat Wildlife, Plants, and Fisheries Secretariat representatives indicated that they had conducted 
crab surveys in the area of CCR’s proposed operations and that they would make available a report 
on the surveys.  This report has been incorporated into the EA. 
 
5.2.1.2 Torngat Fish Producers Co-operative Society Limited 
 

The representative of the Torngat Fish Producers Co-operative Society provided information on 
fishing activity (timing, location) in and near the CCR survey area which has been incorporated into 
the EA.  He asked CCR whether the timing of their proposed seismic program could be altered to 
avoid crab fishermen.  CCR noted that they could move their operations to a different area to avoid 
overlap with fishing activity. 
 

5.2.1.3 Fish, Food and Allied Workers Union 
 
Representatives from CCR and LGL Limited met with members of the FFAW to provide 
information about the proposed offshore Labrador seismic program.  No project-specific concerns or 
issues were raised by the union.   
 
5.2.1.4 One Ocean 
 
Representatives from CCR and LGL Limited met with members of One Ocean to provide 
information about the proposed offshore Labrador seismic program.  No concerns or issues with the 
proposed project where indicated by One Ocean. 
 
5.2.1.5 Fisheries and Oceans Canada 
 
Representatives from CCR and LGL Limited met with members of DFO to provide information 
about the proposed offshore Labrador seismic program.  DFO indicated that it did not have concerns 
or issues with the proposed project. 
 
5.2.1.6 Environment Canada 
 
Representatives from CCR and LGL Limited met with members of Environment Canada to provide 
information about the proposed offshore Labrador seismic program.  No concerns or issues with the 
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proposed project were indicated by Environment Canada, although it was noted that it would be 
useful to have qualified MMOs collect seabird data during the program as the majority of seabird 
data for offshore Labrador is dated. 
 
5.2.1.7 Natural History Society of Newfoundland and Labrador 
 
The NHS representative noted that the proponent will have to deal with the well-formed and strong 
Labrador Current in this area of offshore Labrador. Exploration activities would also be facing 
significant ice hazards. Considering these factors, NHS suggested that the best time for survey 
operations would be late summer and fall. It was also noted that the proposed survey location is in a 
wintering area, and also migration pathway (for fall, winter and spring periods) for Arctic auks, harp 
seals, Atlantic salmon, and likely other species as well.   
 
NHS asked the following questions: What was the justification for using a 20 km buffer? Is that distance 
is supported by the findings of any sound propagation modeling?  Is it the appropriate buffer size to use 
in an area with an upward refracting sound speed domain which will be encountered in this offshore area 
during springtime conditions?  
 
A detailed written response to the above points and concerns was prepared and sent to NHS by CCR and 
LGL.  It was noted that the 20 km buffer was selected to outline the Study Area, i.e., an area where 
Project activities may affect marine fauna, including marine mammals.  This distance is considered 
conservative for most species of marine mammals for which there have been systematic studies of the 
behavioural effects of seismic survey sound.  It was acknowledged that MMOs typically cannot see 
much beyond five kilometres, and that effects beyond this distance (most likely behavioural in nature; 
see for example Southall et al. 2007) would probably go undetected by vessel-based observers.  The 
primary role of the MMOs is to reduce the likelihood that marine mammals (and sea turtles) would incur 
hearing impairment and potential physical effects from seismic survey sound by implementing 
mitigation measures (e.g., delay in ramp-ups, shut downs of the array for threatened or endangered 
species, ramp-ups).  Available evidence indicates that potential hearing impairment and physical effects 
would occur relatively close to the airgun array, i.e., much less than five kilometres and certainly much 
less than 20 km. Given that most marine mammals exhibit at least localized avoidance of the airgun 
array (and also the seismic vessel), the chances of incurring hearing impairment and physical effects are 
much reduced. Some changes in behaviour for marine mammals beyond the visual range of MMOs may 
occur, but are not expected to be long-term or serious.  The response further noted that the EA for 
Chevron’s seismic program off Labrador will provide a review of marine mammal response (along with 
fish and invertebrates) to seismic survey sound in detail as well as the current literature on acoustic noise 
criteria for marine mammals.   
 
5.2.1.8 Association of Seafood Producers 
 
To date, there has been no response from representatives of the association. 
 
5.2.1.9 Ocean Choice International Inc.  
 
To date, there has been no response from representatives of OCI. 
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5.2.1.10 Canadian Association of Prawn Producers  
 
The Executive Director of CAPP noted that Canadian offshore shrimp vessels fish within portions of the 
project and buffer zone, including during the period July through November.  A map showing the 
northern shrimp harvesting locations for 2004 to 2008 was included in CAPP’s response. 
 
The CAPP representative noted that the association had concerns “about (a) the potential for negative 
impact arising from seismic activity in the same time and area as fishing activities, and (b) obligations 
that may be on fishing vessels to stay away from the project area and the buffer zone during the period 
of Chevron's activity.”  
 
The Association’s Executive Director asked the EA consultant to provide a detailed explanation and 
reply to these stated concerns, including suggestions about how the proponent proposed to alleviate 
CAPP’s concerns.  He went on to note that he had informed the relevant DFO manager of CAPP’s 
concerns, and noted that depending on the reply from the proponent, the Association “may need to make 
representations directly to the applicable regulatory authority in the near future.”  
 
A detailed written response to the above points and concerns was prepared and sent to CAPP by CCR 
and LGL Limited.  It was noted that the potential for negative impact on shrimp and the harvest of 
shrimp from CCR’s seismic survey would be minimal because (1) available information indicates that 
behavioural and physical effects of seismic survey sound on shrimp are minimal (as described in detail 
in the EA), and (2) there will be minimal spatial and temporal overlap of CCR’s seismic survey area and 
the locations where shrimp have been harvested in recent years.  A map depicting shrimp harvesting 
locations for 2006 to 2008 was provided in the response as well as a figure showing the temporal 
distribution of shrimp catches within and adjacent the Study Area.  The response further noted that if 
seismic program vessels and shrimp vessels do operate in close proximity to one another, CCR would 
work with fishers and will in no way “obligate” them to stay away from fishing grounds. The mitigations 
that would be used to minimize potential issues between CCR vessels and shrimp harvesters were listed.   
 
After receiving the previous written response, the Executive Director requested more information of the 
“recovery rates” associated with commercial fisheries being undertaken in areas recently exposed to 
seismic airgun surveying.  CCR and LGL noted that it is generally understood that any impact of 
exposure to seismic airgun sound on commercial fisheries would be due to behavioural effects reflected 
by limited redistribution of commercial species.  A review of the available literature describing the 
effects of seismic sound on the catch rates of invertebrates and finfish was provided, including studies 
completed by Dalen and Knutsen (1986), Løkkeborg (1991), Skalski et al. (1992), Løkkeborg and Soldal 
(1993), Engås et al. (1993, 1996), Pickett et al. (1994), Turnpenny and Nedwell (1994), Andriguetto-
Filho et al. (2005), and Parry and Gason (2006).  In addition, anecdotal information about the 
behavioural responses of shrimp near seismic surveys in Newfoundland waters was provided.  It was 
also noted that managers with Fishery Products International (FPI, now OCI) indicated during recent 
consultations that they do not expect seismic survey operations to interfere with shrimp harvesting 
activities.  Vessel captains have reported that they have not experienced any problems when operating in 
the vicinity of seismic survey vessels, nor have they noticed or reported any negative effects on catches 
and catch rates.  Based on the primary literature and local anecdotal information it was concluded that 
that the behavioural effects of exposure to seismic airgun sound on both invertebrate and finfish 
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commercial species are either undetectable or very temporary in nature.  Commercial fisheries within or 
near the Study Area would not be impacted by seismic airgun surveys, especially with the application of 
acceptable mitigations. 
 
5.2.1.11 Groundfish Enterprise Allocation Council 
 
The Executive Director of GEAC is also the Executive Director of the Canadian Association of 
Prawn Producers.  Project-related issues and concerns were previously outlined in the CAPP 
summary above. 
 
5.2.1.12 Clearwater Seafoods 
 
To date, there has been no response from representatives of Clearwater Seafoods. 
 
5.2.1.13 Icewater Seafoods 
 
To date, there has been no response from representatives of Icewater Seafoods. 
 

5.3 Valued Ecosystem Components 
 
The Valued Ecosystem Component (VEC) approach was used to focus the assessment on those 
biological resources of most potential concern and value to society. 
 
VECs include the following groups: 
 

 rare or threatened species or habitats (as defined by COSEWIC and SARA); 
 species or habitats that are unique to an area, or are valued for their aesthetic properties;  
 species that are harvested by people (e.g., commercial fish species); and 
 species that have at least some potential to be affected by the Project. 

 
VECs were identified based on previous EAs conducted in the Jeanne d’Arc Basin and Orphan Basin 
areas (see Section 5.0), the scoping document received from the C-NLOPB, DFO and EC comments, 
and consultations with other stakeholders and regulators.   
 
The VECs and the rationale for their inclusion are as follows: 
 

 Commercial fish (including fish habitat considerations) with emphasis on the three primary 
species: (1) shrimp, (2) snow crab, and (3) Greenland halibut (turbot), and SARA species 
(e.g., Atlantic cod and wolffish).  It is recognized that there are many other fish species, 
commercial or prey species, that could be considered but it is LGL’s professional opinion 
that this suite of species captures all of the relevant issues concerning the potential effects of 
seismic surveys on important invertebrate and fish populations of the Project Area. 
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 Commercial fisheries are directly linked to the fish VEC above but all fisheries (trawling, 
gillnetting, longlines, pots, etc.) are considered where relevant. The commercial fishery is a 
universally acknowledged important element in the society, culture, economic and aesthetic 
environment of Newfoundland and Labrador.  This VEC is of prime concern from both a 
public and scientific perspective, at local, national and international scales. 

 
 Seabirds with emphasis on those species most sensitive to seismic activities (e.g., deep 

divers such as murres) or vessel stranding (e.g., petrels), and SARA species (e.g., Ivory Gull).  
Newfoundland and Labrador waters support some of the largest seabird colonies in the world 
and the Labrador Shelf area hosts large populations during all seasons.  They are important 
socially, culturally, economically, aesthetically, ecologically and scientifically.  This VEC is 
of prime concern from both a public and scientific perspective, at local, national and 
international scales. 

 
 Marine Mammals with emphasis on those species potentially most sensitive to low 

frequency sound (e.g., baleen whales) or SARA species (e.g., blue whale). Whales and seals 
are key elements in the social and biological environments of Newfoundland and Labrador.  
The economic and aesthetic importance of whales is evidenced by the large number of tour 
boats that feature whale watching as part of a growing tourist industry.  This VEC is also of 
prime concern from both a public and scientific perspective, at local, national and 
international scales. 

 
 Sea Turtles, although very uncommon in the Study Area, are mostly threatened and 

endangered on a global scale and the leatherback sea turtle which forages in eastern 
Canadian waters is considered endangered under SARA. While they are of little or no 
economic, social or cultural importance to Newfoundland and Labrador, their endangered 
status warrants their inclusion as a VEC. 

 
 Species at Risk are those designated as endangered or threatened on Schedule 1 of SARA.  

In addition, species listed as special concern have been considered here as well.  All species 
at risk in Newfoundland and Labrador offshore waters are captured in the VECs listed above.  
However, due to their special status, they are also discussed separately. 

 

5.4 Boundaries 
 
For the purposes of this EA, the following boundaries are defined. 
 
5.4.1 Temporal 
 
The temporal boundaries of the Project are 1 July to 30 November in 2010.  In subsequent years (2010 
to 2017), seismic surveys may also occur from 1 July to 30 November and geohazard surveys may be 
conducted at any time of the year. 
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5.4.2 Project Area 
 
The ‘Project Area’ is defined as the area where seismic data could be acquired plus an additional area 
around the outer perimeter of the data acquisition area to accommodate the ships’ turning 
radii (see Figure 1.1).   
 
5.4.3 Affected Area 
 
The ‘Affected Area’ varies according to the specific vertical and horizontal distributions and 
sensitivities of the VECs of interest and is defined as that area within which effects (physical or 
important behavioural ones) have been reported to occur.  It is likely that in the present case most 
potential effects will be confined within the Project Area. 
 
5.4.4 Study Area 
 
An area larger than the Project Area that encompasses any potential effects (including those from 
accidental events) reported in the literature. 
 
5.4.5 Regional Area 
 
The regional boundary is the boundary as defined in the Labrador Shelf SEA Area and is retained here 
for consistency.  [An exception to this boundary is the inclusion of the major Grand Banks 
developments when considering cumulative effects.] 
 

5.5 Effects Assessment Procedures 
 
The systematic assessment of the potential effects of the Project phase involved three major steps: 
 

1. preparation of interaction (between Project activities and the environment) matrices; 
2. identification and evaluation of potential effects including description of mitigation measures 

and residual effects, and 
3. preparation of residual effects summary tables, including evaluation of cumulative effects. 

 
5.5.1 Identification and Evaluation of Effects 
 
Interaction matrices were prepared that identify all possible Project activities which could interact with 
any of the VECs.  The interaction matrices are used only to identify potential interactions; they make no 
assumptions about the potential effects of the interactions. Interactions were then evaluated for their 
potential to cause effects.  In instances where the potential for an effect of an interaction was deemed 
impossible or extremely remote, these interactions were not considered further. In this way, the 
assessment could focus on key issues and the more substantive environmental effects. 
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An interaction was considered to be a potential effect if it could change the abundance or distribution of 
VECs, or change the prey species or habitats used by VECs.  The potential for an effect was assessed by 
considering: 
 

 the location and timing of the interaction; 
 the literature on similar interactions and associated effects (seismic EAs for offshore Nova 

Scotia and Newfoundland and Labrador); 
 when necessary, consultation with other experts; and 
 results of similar effects assessments, especially monitoring studies done in other areas. 

 
When data were insufficient to allow certain or precise effects evaluations, predictions were made based 
on professional judgement.  In such cases, the uncertainty is documented in the EA.  Effects were 
evaluated for the proposed geophysical surveys, which include mitigation measures that are mandatory 
or have become standard operating procedure in the industry. 
 
5.5.2 Classifying Anticipated Environmental Effects 
 
The concept of classifying environmental effects simply means determining whether they are negative 
or positive.  The following includes some of the key factors that are considered for determining negative 
environmental effects, as per the CEA Agency guidelines (CEA Agency 1994): 
 

 negative effects on the health of biota; 
 loss of rare or endangered species; 
 reductions in biological diversity; 
 loss or avoidance of productive habitat; 
 fragmentation of habitat or interruption of movement corridors and migration routes; 
 transformation of natural landscapes; 
 discharge of persistent and/or toxic chemicals; 
 toxicity effects on human health; 
 loss of, or detrimental change in, current use of lands and resources for traditional purposes; 
 foreclosure of future resource use or production; and 
 negative effects on human health or well-being. 

 
5.5.3 Mitigation 
 
Mitigation measures appropriate for each effect predicted in the matrix were identified and the effects of 
various Project activities were then evaluated assuming that appropriate mitigation measures are applied.  
Residual effects predictions were made taking into consideration both standard and project-specific 
mitigations. 
 
5.5.4 Evaluation Criteria for Assessing Environmental Effects 
 
Several criteria were taken into account when evaluating the nature and extent of environmental effects.  
These criteria include (CEA Agency 1994): 
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 magnitude; 
 geographic extent; 
 duration and frequency; 
 reversibility; and 
 ecological, socio-cultural, and economic context. 
 

Magnitude describes the nature and extent of the environmental effect for each activity.  Geographic 
extent refers to the specific area (km2) affected by the Project activity, which may vary depending on the 
activity and the relevant VEC.  Duration and frequency describe how long and how often a project 
activity and/or environmental effect will occur.  Reversibility refers to the ability of a VEC to return to 
an equal, or improved condition, at the end of the Project.  The ecological, socio-cultural and economic 
context describes the current status of the area affected by the Project in terms of existing environmental 
effects.  The Study Area is not considered to be strongly affected by human activities.  
 
Magnitude was defined as: 
 

Negligible An interaction that may create a measureable effect on individuals but would 
never approach the value of the ‘low’ rating. Rating = 0. 

 
Low Affects >0 to 10 percent of individuals in the affected area (e.g., geographic 

extent).  Effects can be outright mortality, sublethal or exclusion due to 
disturbance.    Rating = 1. 

 
Medium Affects >10 to 25 percent of individuals in the affected area (see geographic 

extent).  Effects can be outright mortality, sublethal or exclusion due to 
disturbance.    Rating = 2. 

 
High Affects more than 25 percent of individuals in the affected area (e.g., 

geographic extent).  Effects can be outright mortality, sublethal or exclusion due 
to disturbance. Rating = 3. 

 
Definitions of magnitude used in this EA have been used previously in numerous offshore oil-related 
environmental assessments under CEAA.  These include assessments of the Labrador Shelf infill-
extension EA (Canning and Pitt 2007), the Petro-Canada seismic EA (LGL 2007a) and its addendum 
(LGL 2007b) which assessed geohazard surveys, the Husky new drill centre construction and operations 
program EA and addendum (LGL 2006a, 2007c), the White Rose Oilfield Comprehensive Study (Husky 
2000), the Husky Jeanne d’Arc Basin exploration drilling EAs and update (LGL 2002, 2005a, 2006b), 
the Husky Jeanne d’Arc Basin 3-D seismic EA and update (LGL 2005b; Moulton et al. 2006a), the 
StatoilHydro Jeanne d’Arc Basin area seismic and geohazard program EA (LGL 2008), and the 
ConocoPhillips Laurentian Sub-Basin exploration drilling EA and supplement (Buchanan et al. 2006; 
LGL 2009a), and seismic EA (LGL 2009b).    
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Durations are defined as: 
 
 1 = 1 month 
 2 = 1 – 12 month 
 3 = 13 – 36 month 
 4 = 37 – 72 month 
 5 = 72 month 
 
Short duration can be considered 12 months or less and medium duration can be defined as 13 to 36 
months. 
 
5.5.5 Cumulative Effects 
 
Projects and activities considered in the cumulative effects assessment included other human activities 
in Newfoundland and Labrador offshore waters, with emphasis on the Regional Area of the Labrador 
Shelf area. 
 

 Survey program within-project cumulative impacts.  For the most part, and unless otherwise 
indicated, within-project cumulative effects are fully integrated within this assessment; 

 Existing offshore oil developments in Newfoundland and Labrador: Hibernia (GBS 
platform), Terra Nova FPSO, and White Rose FPSO; 

 Other offshore oil exploration activity (particularly seismic surveys and exploratory drilling 
as outlined on the C-NLOPB website).  On the Labrador Shelf area for 2010, activity may 
include additional seismic and geohazard programs.  Husky is proposing to conduct seismic 
surveys (2D, 3D, and/or geohazard) in Labrador Shelf waters.  Similar seismic surveys may 
also be conducted by Husky from 2011 to 2017.  The amount and timing and locations of 
other seismic operations and potential drilling programs in and near the Study Area in 2010 
to 2017 are not currently available.      

 Commercial fisheries; 
 Marine transportation (tankers, cargo ships, supply vessels, naval vessels, fishing vessel 

transits, etc.); and 
 Hunting activities (marine birds and seals). 
 

5.5.6 Integrated Residual Environmental Effects 
 
Upon completion of the evaluation of environmental effects, the residual environmental effects (effects 
after project-specific mitigation measures are imposed) are assigned a rating of significance for: 
 

 each project activity or accident scenario; 
 the cumulative effects of project activities within the Project; and 
 the cumulative effects of combined projects on and near the Labrador Shelf. 
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The last of these points considers all residual environmental effects, including project and other-project 
cumulative environmental effects.  As such, this represents an integrated residual environmental effects 
evaluation. 
 
The analysis and prediction of the significance of environmental effects, including cumulative 
environmental effects, encompasses the following: 
 

 determination of the significance of residual environmental effects; 
 establishment of the level of confidence for prediction; and 
 evaluation of the scientific certainty and probability of occurrence of the residual impact 

prediction. 
 
Ratings for level of confidence, probability of occurrence, and determination of scientific certainty 
associated with each prediction are presented in the table of residual environmental effects.  The 
guidelines used to assess these ratings are discussed in detail in the sections below. 
 
5.5.7 Significance Rating 
 
Significant environmental effects are those that are considered to be of sufficient magnitude, duration, 
frequency, geographic extent, and/or reversibility to cause a change in the VEC that will alter its status 
or integrity beyond an acceptable level.  Establishment of the criteria is based on professional judgment, 
but is transparent and repeatable.  In this EA, a significant effect is defined as: 
 

Having a high magnitude or medium magnitude for a duration of greater than one year 
and over a geographic extent greater than 100 km2 

 
An effect can be considered significant, not significant, or positive. 
 
5.5.8 Level of Confidence 
 
The significance of the residual environmental effects is based on a review of relevant literature, 
consultation with experts, and professional judgment.  In some instances, making predictions of 
potential residual environmental effects is difficult due to the limitations of available data (for example, 
technical boundaries).  Ratings are therefore provided to indicate, qualitatively, the level of confidence 
for each prediction. 
 
5.5.9 Determination of Whether Predicted Environmental Effects are Likely to Occur 
 
As per other EAs (e.g., LGL 2007a), the following criteria for the evaluation of the likelihood of any 
predicted significant effects are used. 
 

 probability of occurrence; and 
 scientific certainty. 
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It should be noted that these two criteria are used only for predictions of significant effects. 
 

5.5.10 Follow-up Monitoring 
 
Because any effects of the Project on the environment will be relatively short-term and transitory, there 
is no need to conduct follow-up monitoring.  However, there will be some level of monitoring during the 
course of the Project, and if these observations indicate an accidental release of fuel or flotation fluid 
(Isopar) or some other unforeseen occurrence, then the need for follow up monitoring will be assessed in 
consultation with the C-NLOPB. 
 

5.6 Effects of the Environment on the Project 
 
The physical environment of the Project Area is described in Section 3.0 and the detailed report by 
Oceans (2009) and the reader is referred to these sources to assist in determining the effects on the 
Project.  Furthermore, safety issues are assessed in some detail during the permitting and program 
application processes.  Nonetheless, effects on the Project are important to consider, at least on a high 
level, because they may sometimes lead to effects on the environment.  For example, accidental spills of 
streamer fluid may be more likely to occur during rough weather.   
 
Given the Project time frame of July to November for seismic operations and the requirement of a 
seismic survey to avoid periods and locations of sea ice, sea ice should have no effect on the Project.  
Icebergs in the early summer may cause some survey delays if tracks have to be altered to avoid them.  
Most environmental constraints on seismic surveys are those imposed by wind and wave.  The Project 
scheduling avoids the most continuous extreme weather conditions and CCR’s contractors will be 
thoroughly familiar with east coast operating conditions.  As a prediction of the effects of the 
environment on the Project, CCR will likely use an estimate of 25% weather-related down time for the 
Project for planning purposes.  This cannot be considered a significant effect on the Project otherwise 
the Project would not be acceptable to the Proponent.  Seismic (and geohazard) vessels typically 
suspend surveys once wind and wave conditions reach certain levels because the ambient noise affects 
the data.  They also do not want to damage towed gear which would cause costly delays. 
 
Effects of the biological environment on the Project are unlikely although there are anecdotal accounts 
of sharks attacking and damaging streamers. 
 

5.7 Effects of the Project on the Environment 
 
This effects assessment is organized so that issues generic to any type of ship activity in Labrador Shelf 
waters such as fisheries vessels, DFO research vessels, military ships, marine transporters, or the 
proposed seismic surveys are discussed first.  A detailed effects assessment then follows, which focuses 
on the effects of noise, which is the only major distinction between the effects of seismic surveys versus 
those of other marine vessels.  The detailed assessment includes the generic effects in the ratings and 
predictions tables but does not discuss these generic issues in any detail.  
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5.7.1 Generic Activities - Air Quality 
 
The air emissions from project activities will be those from the Project vessels engines and generators, and 
vessel incinerators, all of which will be within the range of emissions from typical marine vessels on the 
east coast such as fishing, research, or offshore supply vessels.  As such, there will be no particular or 
unique health or safety concerns associated with project emissions.   
 
Given that the Project will add negligible air emissions (relative to total NW Atlantic ship traffic) to a 
windy oceanic environment there will be no measureable adverse effect on air quality or human health in 
the Project Area. 
 
5.7.2 Generic Activities - Marine Use 
 
Project-related traffic (2010) will include one seismic survey vessel, one picket vessel, and one supply 
vessel.  The survey and picket vessels will operate within the Project Area (see Figure 1.1), except when 
transiting to or from the survey area.  One supply vessel will operate occasionally to and from the Project 
Area for re-provisioning. 
 
Other ships operating in the area could include freighters, tankers, fishing vessels, research vessels, naval 
vessels, and private yachts.  Based on existing catch data, numbers of fishing vessels and associated gear 
should be relatively low in the Project Area compared to the shelf and slope waters to the north and south.   
Mitigations (detailed in Section 5.9) will minimize potential conflicts and any adverse effects with other 
vessels; these include: 
 

 Excellent communications (VHF, HF, Satellite, etc.); 
 Utilization of fisheries liaison officers (FLOs) for advice and coordination in regard to avoiding; 

fishing vessels and fishing gear; 
 Environmental Observers (EOs) onboard; 
 Picket vessels to alert other vessels of towed gear in water; 
 Posting of advisories with the Canadian Coast Guard and the CBC Fisheries Broadcast; 
 Compensation program in the event any project vessels damage fishing gear; and 
 Single Point of Contact (SPOC). 

 
CCR will also coordinate with DFO, St. John’s, to avoid any potential conflicts with research vessels that 
may be operating in the area.   
 
Given the expected vessel density conditions and mitigations described above, there should be from none to 
negligible adverse effects on other marine users of the Project Area. 
 
5.7.3 Generic Activities - Waste Handling 
 
Waste generated by the Project will be that generated by a maximum of 90 personnel on a maximum of 
three vessels.  Waste will include: 
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 Gray/black water; 
 Galley waste; and 
 Solid waste. 

 
Gray/black water will be discharged after primary treatment.  Biodegradable galley waste will be macerated 
and discharged.  Solid combustibles will be incinerated.  Non-combustibles will be containerized and 
transported to shore.  There will be no hazardous waste produced by the Project other than from 
maintenance.   Any waste paint, oil and lubricants and so forth from routine maintenance activities will be 
properly containerized and brought to shore to be disposed by a licensed waste handler.  Detailed waste 
handling procedures will be provided in CCR and approved geophysical contractor waste management 
documents to be submitted through the C-NLOPB Geophysical Authorization. 
 
Waste produced by the Project will handled and treated appropriately and therefore have negligible effect 
on the environment of offshore Labrador.   
 
5.7.4 Fish and Fish Habitat VEC 

 
Although there will be interaction between Project activities and the ‘fish habitat’ component of the Fish 
and Fish Habitat VEC (i.e., water and sediment quality, phytoplankton, zooplankton, and benthos) 
(Table 5.2), the negligible residual effects are predicted to be not significant.  The seismic/geohazard 
survey program will not result in any direct physical disturbance of the bottom substrate and the 
probability of any significant accidental event (i.e., hydrocarbon release) is even lower than the 
improbability of it in association with drilling activities.   Therefore, other than in Table 5.2, no other 
reference to the ‘fish habitat’ component of the Fish and Fish Habitat VEC is made in this assessment 
subsection.  Ichthyoplankton, invertebrate eggs and larvae, and macrobenthos are discussed as part of 
the ‘fish’ component of the Fish and Fish Habitat VEC. 
 
The following sections discuss the Project activities that will interact with the Fish and Fish Habitat 
VEC, including assessment of the potential effects of those interactions. 
 
5.7.4.1 Sound 
 
The potential effects of exposure to airgun sound on invertebrates and fishes can be categorized as either 
physical (includes both pathological and physiological) or behavioural.  Pathological effects include 
lethal and sub-lethal damage, physiological effects include temporary primary and secondary stress 
responses, and behavioural effects refer to deviations from normal behavioural activity.  Physical and 
behavioural effects are likely related in some instances and should therefore not be considered as 
completely independent of one another.  
 
The following sections provide an overview of available information on relationships of underwater 
sound to invertebrates and fishes.  The overview includes discussion of sound detection, sound 
production, and possible effects of exposure to airgun sounds and higher frequency sounds that could be 
emitted from survey gear such as sonar. 
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Table 5.2 Potential interactions of the Project activities and the Fish and Fish Habitat VEC.  
 

Non-Biological 
Environment 

Feeding Reproduction Adult Stage 

Project Activities Water and 
Sediment 
Quality 

Plankton Benthos 
Eggs and 
Larvae 

 
Juveniles a 

 
Pelagic Fish 

Groundfish 

Vessel Lights  X  X  X  
Sanitary/Domestic  
Waste 

X X  X  X  

Air Emissions X X  X  X  

Garbage b        

Sound 

   Airgun Array  X X X X X X 

   Seismic Vessel      X  

Supply Vessel      X  

Picket Vessel      X  

Geohazard Vessel      X  

Helicopter c        

Echo Sounder      X  

Side Scan Sonar      X  

Boomer   X X X  X 

Presence of Vessel 

Seismic Vessel        

Supply Vessel        

Picket Vessel        

Geohazard Vessel        

Helicopter c        

Shore Facilities d        

Accidental Spills X X  X  X  

OTHER PROJECTS AND ACTIVITIES 
Oil and Gas Activities 
on Labrador Shelf 

X X X X X X X 

Oil and Gas Activities 
on Grand Banks 

X X X X X X X 

Fisheries X X X X X X X 

Marine Transportation X X  X  X  
 
a Juveniles are young fish that have left the plankton and are often found closely associated with substrates. 
b Not applicable as garbage will be brought ashore. 
c A crew change may occur via helicopter if the seismic program is longer than 5 to 6 weeks. 
d There will not be any new onshore facilities.  Existing infrastructure will be used. 
 

 
Sound Detection 
 
Sensory systems, like those that allow for hearing, provide information about an animal’s physical, 
biological, and social environments, in both air and water.  Extensive work has been done to understand 
the structures, mechanisms, and functions of animal sensory systems in aquatic environments (Atema et 
al. 1988; Kapoor and Hara 2001; Collin and Marshall 2003).   
 
Underwater sound has both a pressure component and a particle displacement component associated 
with it.  While all marine invertebrates and fishes appear to have the capability of detecting the particle 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page 129 



 

displacement component of underwater sound, only certain fish species appear sensitive to the pressure 
component. 
 
Invertebrates 
 
There is considerable debate about the hearing capabilities of aquatic invertebrates.  Whether they are 
able to hear or not depends on how underwater sound and underwater hearing are defined.  In contrast to 
the situation in fish and marine mammals, no physical structures have been discovered in aquatic 
invertebrates that are stimulated by the pressure component of sound.  However, vibrations (i.e., 
mechanical disturbances of the water) are also characteristic of sound waves.  Rather than being 
pressure-sensitive, aquatic invertebrates appear to be most sensitive to the vibrational component of 
sound (Breithaupt 2002).  Statocyst organs may provide one means of vibration detection for aquatic 
invertebrates.   
 
More is known about the acoustic detection capabilities in decapod crustaceans than in any other marine 
invertebrate group, although cephalopod acoustic capabilities are now becoming a focus of study.  
Crustaceans appear to be most sensitive to sounds of lower frequencies, i.e., <1,000 Hz (Budelmann 
1992; Popper et al. 2001).  A study by Lovell et al. (2005) suggests greater sensitivity of the prawn 
Palaemon serratus to low-frequency sound than previously thought.  Lovell et al. (2006) showed that P. 
serratus is capable of detecting a 500 Hz tone regardless of the prawn’s body size and the related 
number and size of statocyst hair cells.  Studies of American lobsters suggest that these crustaceans are 
more sensitive to higher frequency sounds than previously realized (Pye and Watson III 2004).   
 
It is possible that statocyst hair cells of cephalopods are directionally sensitive in a way that is similar to 
the responses of hair cells of the vertebrate vestibular and lateral line systems (Budelmann and 
Williamson 1994; Budelmann 1996).  Kaifu et al. (2008) provided evidence that the cephalopod 
Octopus ocellatus detects particle motion with its statocyst.  Studies by Packard et al. (1990), Rawizza 
(1995) and Komak et al. (2005) have tested the sensitivities of various cephalopods to water-borne 
vibrations, some of which were generated by low-frequency sound.  Using the auditory brainstem 
response (ABR) approach, Hu et al. (2009) showed that auditory evoked potentials can be obtained in 
the frequency ranges 400 to 1500 Hz for the squid Sepiotheutis lessoniana and 400 to 1,000 Hz for the 
octopus Octopus vulgaris, higher than frequencies previously observed to be detectable by cephalopods. 
 
In summary, only a few studies have been conducted on the sensitivity of certain invertebrate species to 
underwater sound.  Available data suggest that they are capable of detecting vibrations but they do not 
appear to be capable of detecting pressure fluctuations.  
 
Fishes 
 
All fish species have hearing and skin-based mechanosensory systems (inner ear and lateral line 
systems, respectively) that provide information about their surroundings (Fay and Popper 2000).  Fay 
(2009) and some others refer to the ambient sounds to which fishes are exposed as ‘underwater 
soundscapes’.  Anthropogenic sounds can have important negative consequences for fish survival and 
reproduction if they disrupt an individual’s ability to sense its soundscape, which often tells of predation 
risk, prey items, or mating opportunities.  Potential negative effects include masking of key 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page 130 



 

environmental sounds or social signals, displacement of fish from their habitat, or interference with 
sensory orientation and navigation. 
 
Fish hearing via the inner ear is typically restricted to low frequencies.  As with other vertebrates, fish 
hearing involves a mechanism whereby the beds of hair cells (Howard et al. 1988; Hudspeth and Markin 
1994) located in the inner ear are mechanically affected and cause a neural discharge (Popper and Fay 
1999).  At least two major pathways for sound transmittance between sound source and the inner ear 
have been identified for fishes.  The most primitive pathway involves direct transmission to the inner 
ear’s otolith, a calcium carbonate mass enveloped by sensory hairs.  The inertial difference between the 
dense otolith and the less-dense inner ear causes the otolith to stimulate the surrounding sensory hair 
cells.  This motion differential is interpreted by the central nervous system as sound. 
 
The second transmission pathway between sound source and the inner ear of fishes is via the swim 
bladder, a gas-filled structure that is much less dense than the rest of the fish’s body.  The swim bladder, 
being more compressible and expandable than either water or fish tissue, will differentially contract and 
expand relative to the rest of the fish in a sound field.  The pulsating swim bladder transmits this 
mechanical disturbance directly to the inner ear (discussed below).  Such a secondary source of sound 
detection may be more or less effective at stimulating the inner ear depending on the amplitude and 
frequency of the pulsation, and the distance and mechanical coupling between the swim bladder and the 
inner ear (Popper and Fay 1993). 
   
Some fish species may only have the direct pathway to the inner ear (i.e., lack swim bladders, have 
reduced swim bladders, or have swim bladders that are not coupled to the inner ear) and tend to exhibit 
relatively poor auditory sensitivity.  These species are known as hearing generalists (Popper and Fay 
1999).  Currently, most marine fishes, including cartilaginous fishes (e.g., sharks, skates, rays, and 
chimeras of the Class Chondrichthys), are classified as hearing generalists.  Typically, these fishes are 
sensitive to underwater sounds with frequencies less than 1 kHz. 
 
Herring-like fishes (Clupeiformes), some cod-like fishes (Gadiformes in part), some squirrelfishes 
(Perciform family Holocentridae, in part), and a number of other fishes have specialized swim bladders 
that are either attached to the inner ear (i.e., by a Weberian ossicle) or are in physical proximity to the 
inner ear.  Fishes with these swim bladder modifications appear to have lower hearing thresholds and to 
be sensitive to a wider sound frequency range than fishes lacking such specialization (Blaxter 1981), and 
are thus called hearing specialists.  The upper limit of the hearing frequency range of these fishes is 
about 4 kHz.  Fishes of the anadromous herring subfamily Alosinae (the anadromous shads and near-
shore menhadens) that have been studied to date respond to sound frequencies exceeding 100 kHz 
(Mann et al. 1997, 1998, 2001) and are sometimes referred to as extreme hearing specialists. 
 
It is important to recognize that the swim bladder itself is not a sensory end organ, but rather an 
intermediate part of the sound pathway between sound source and the inner ear of some fishes.  The 
inner ear of both hearing specialists and hearing generalists is ultimately the organ that translates the 
particle displacement component into neural signals for the brain to interpret as sound.  
 
A third mechanosensory pathway found in most bony fishes and elasmobranchs (i.e., cartilaginous 
fishes) involves the lateral line system.  It too relies on sensitivity to water particle motion.  The basic 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page 131 



 

sensory unit of the lateral line system is the neuromast, a bundle of sensory and supporting cells whose 
projecting cilia, similar to those in the ears, are encased in a gelatinous cap.  Neuromasts detect distorted 
sound waves in the immediate vicinity of fishes.  Generally, fishes use the lateral line system to detect 
the particle displacement component of low frequency acoustic signals (up to 160 to 200 Hz) over a 
distance of one to two body lengths.  The lateral line is used in conjunction with other sensory systems, 
including hearing (Sand 1981; Coombs and Montgomery 1999).  
 
Sound Production 
 
Many invertebrates and fishes produce sounds.  It is believed that these sounds are used for 
communication in a wide range of behavioural and environmental contexts.  The behaviours most often 
associated with acoustic communication include territorial behaviour, mate finding, courtship and 
aggression.  Sound production provides a means of long distance communication as well as 
communication when underwater visibility is poor (Zelick et al. 1999). 
 
Invertebrate groups with species capable of producing sound including barnacles, amphipods, shrimps, 
crabs, and lobsters (Au and Banks 1998; Tolstoganova 2002; Pye and Watson III 2004; Henninger and 
Watson III 2005).  Invertebrates typically produce sound by scraping or rubbing various parts of their 
bodies, although they also produce sound in other ways.   
 
More than 700 fish species are known to produce sounds (Myrberg 1981, Kaatz 2002 in Anderson et al. 
2008).  Fishes produce sounds mainly by using modified muscles attached to their swim bladders (i.e., 
drumming) or rubbing body parts together (i.e., stridulating).  Examples of ‘soniferous’ fishes include 
Atlantic cod (Finstad and Nordeide 2004; Rowe and Hutchings 2004), toadfishes (Locascio and Mann 
2008; Vasconcelos and Ladich 2008), and basses (Albers 2008; Johnston et al. 2008). 
 
5.7.4.2 Effects of Exposure to Airgun Sound 
 
Most airgun sound energy is associated with frequencies <500 Hz, although there is some energy at 
higher frequencies. 
 
Physical 
 
Invertebrates 
 
In a field study, Pearson et al. (1994) exposed Stage II larvae of the Dungeness crab Cancer magister to 
single discharges from a seven-airgun array and compared their mortality and development rates with 
those of unexposed larvae.  No statistically significant differences were found in immediate survival, 
long-term survival, or time to molt between the exposed and unexposed larvae, even those exposed 
within one metre of the seismic source.   
 
The pathological impacts of seismic survey sound on marine invertebrates were investigated in a pilot 
study on snow crabs Chionoecetes opilio (Christian et al. 2003, 2004).  Under controlled field experi-
mental conditions, captive adult male snow crabs, egg-carrying female snow crabs, and fertilized snow 
crab eggs were exposed to variable Sound Pressure Levels (SPLs) (191 to 221 dB re 1 µPa0-p) and sound 
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exposure levels (SELs) (<130–187 dB re 1 µPa2 · s).  Neither acute nor chronic (12 weeks post-
exposure) mortality was observed for the adult crabs.  However, a significant difference in development 
rate was noted between the exposed and unexposed fertilized eggs/embryos.  The egg mass exposed to 
seismic energy had a higher proportion of less-developed eggs than did the unexposed mass.  It should 
be noted that both egg masses came from a single female and any measure of natural variability was 
unattainable (Christian et al. 2003, 2004). 
   
In 2003, a collaborative study was conducted in the southern Gulf of St. Lawrence, Canada, to 
investigate the effects of exposure to sound from a commercial seismic survey on egg-bearing female 
snow crabs (DFO 2004b).  This study had design problems that impacted interpretation of some of the 
results (Chadwick 2004).  Caged animals were placed on the ocean bottom at a location within the 
survey area and at a location outside of the survey area.  The maximum received SPL was ~195 dB re 
1 µPa0-p.  The crabs were exposed for 132 hours of the survey, equivalent to thousands of seismic shots 
of varying received SPLs.  The animals were retrieved and transferred to laboratories for analyses.  
Neither acute nor chronic lethal or sub-lethal injury to the female crabs or crab embryos was indicated.  
DFO (2004b) reported that some exposed individuals had short-term soiling of gills, antennules and 
statocysts, bruising of the hepatopancreas and ovary, and detached outer membranes of oocytes.  
However, these differences could not be linked conclusively to exposure to seismic survey sound.  
Boudreau et al. (2009) presented the proceedings of a workshop held to evaluate the results of additional 
studies conducted to answer some questions arising from the original study discussed in DFO (2004b).  
Proceedings of the workshop did not include any more definitive conclusions regarding the original 
results. 
 
Payne et al. (2007) recently conducted a pilot study of the effects of exposure to airgun sound on various 
health endpoints of the American lobster.  Adult lobsters were exposed either 20 to 200 times to 202 dB 
re 1μPap-p or 50 times to 227 dB re 1μPap-p, and then monitored for changes in survival, food 
consumption, turnover rate, serum protein level, serum enzyme levels, and serum calcium level.  Obser-
vations extended over a period of a few days to several months.  Results showed no delayed mortality or 
damage to the mechanosensory systems associated with animal equilibrium and posture (as assessed by 
turnover rate). 
 
McCauley et al. (2000a,b) exposed caged cephalopods to sound from a single 20 in3 airgun with 
maximum SPLs of >200 dB re 1 µPa0-p.  Statocysts were removed and preserved, but at the time of 
publication, results of the statocyst analyses were not available.  No squid or cuttlefish mortalities were 
reported as a result of these exposures. 
 
Biochemical responses by marine invertebrates to acoustic exposure have also been studied to a limited 
degree.  Such studies of stress responses could possibly provide some indication of the physiological 
consequences of acoustic exposure and perhaps any subsequent chronic detrimental effects.  Stress 
responses could potentially affect animal populations by reducing reproductive capacity and adult 
abundance. 
 
Stress indicators in the haemolymph of adult male snow crabs were monitored immediately after 
exposure of the animals to seismic survey sound (Christian et al. 2003, 2004) and at various intervals 
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after exposure.  No significant acute or chronic differences were found between exposed and unexposed 
animals in which various stress indicators (e.g., proteins, enzymes, cell type count) were measured.   
 
Payne et al. (2007), in their study of the effects of exposure of adult American lobsters to airgun sound, 
noted decreases in the levels of serum protein, particular serum enzymes and serum calcium, in the 
haemolymph of animals exposed to the sound pulses.  Statistically significant differences (p=0.05) were 
noted in serum protein at 12 days post-exposure, serum enzymes at 5 days post-exposure, and serum 
calcium at 12 days post-exposure.  During the histological analysis conducted 4 months post-exposure, 
Payne et al. (2007) noted more deposits of PAS-stained material, likely glycogen, in the hepatopancreas 
of some of the exposed lobsters.  Accumulation of glycogen could be due to stress or disturbance of 
cellular processes. 
 
Price (2007) found that blue mussels Mytilus edulis responded to a 10 kHz pure tone continuous signal 
by decreasing respiration.  Smaller mussels did not appear to react until exposed for 30 minutes whereas 
larger mussels responded after 10 minutes of exposure.  The oxygen uptake rate tended to be reduced to 
a greater degree in the larger mussels than in the smaller animals. 
 
In general, the limited studies done to date on the effects of acoustic exposure on marine invertebrates 
have not demonstrated any serious pathological and physiological effects.   
 
Fishes 
 
Review papers on the effects of anthropogenic sources of underwater sound on fishes have been 
published recently (Payne et al. 2008; Popper 2009; Popper and Hastings 2009a,b).  These papers 
consider various sources of anthropogenic sound, including seismic airguns.   
 
Fertilized capelin (Mallotus villosus) eggs and monkfish (Lophius americanus) larvae were exposed to 
seismic airgun sound and subsequently examined and monitored for possible effects of the exposure 
(Payne et al. 2009).  The laboratory exposure studies involved a single airgun.  Approximate received 
SPLs measured in the capelin egg and monkfish larvae exposures were 199 to 205 dB re 1 µPap-p and 
205 dB re 1 µPap-p, respectively.  The capelin eggs were exposed to either 10 or 20 airgun discharges, 
and the monkfish larvae were exposed to either 10 or 30 discharges.  No statistical differences in 
mortality/morbidity between control and exposed subjects were found at 1 to 4 days post-exposure in 
any of the exposure trials for either the capelin eggs or the monkfish larvae.  
 
In uncontrolled experiments, Kostyvchenko (1973) exposed the eggs of numerous fish species (anchovy, 
red mullet, crucian carp, blue runner) to various sound sources, including seismic airguns.  With the 
seismic airgun discharge as close as 0.5 m from the eggs, over 75% of them survived the exposure.  Egg 
survival rate increased to over 90% when placed 10 m from the airgun sound source.  The range of 
received SPLs was about 215 to 233 dB re 1 µPa0-p.  
 
Eggs, yolk sac larvae, post-yolk sac larvae, post-larvae, and fry of various commercially important fish 
species (cod, saithe, herring, turbot, and plaice) were exposed to received SPLs ranging from 220 to 242 
dB re 1 µPa (unspecified measure type) (Booman et al. 1996).  These received levels corresponded to 
exposure distances ranging from 0.75 to 6 m.  The authors reported some cases of injury and mortality 
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but most of these occurred as a result of exposures at very close range (i.e., <15 m).  The rigor of 
anatomical and pathological assessments was questionable. 
 
Saetre and Ona (1996) applied a “worst-case scenario” mathematical model to investigate the effects of 
seismic sound on fish eggs and larvae.  They concluded that mortality rates caused by exposure to 
seismic airgun sound are so low compared to the natural mortality that the impact of seismic surveying 
on recruitment to a fish stock must be regarded as insignificant. 
 
Evidence for airgun-induced damage to fish ears has come from studies using pink snapper Pagrus 
auratus (McCauley et al. 2000a,b 2003).  In these experiments, fish were caged and exposed to the 
sound of a single moving seismic airgun every 10 seconds over a period of 1 hour and 41 minutes.  The 
source SPL at 1 m was about 223 dB re 1 µPa at 1 mp-p, and the received SPLs ranged from 165 to 209 
dB re 1 µPap-p.  The sound energy was highest over the 20 to 70 Hz frequency range.  The pink snapper 
were exposed to more than 600 airgun discharges during the study.  In some individual fish, the sensory 
epithelium of the inner ear sustained extensive damage as indicated by ablated hair cells.  Damage was 
more extensive in fish examined 58 days post-exposure compared to those examined 18 hours post-
exposure.  There was no evidence of repair or replacement of damaged sensory cells up to 58 days post-
exposure.  McCauley et al. (2000a,b, 2003) included the following caveats in the study reports:  (1) fish 
were caged and unable to swim away from the seismic source, (2) only one species of fish was 
examined, (3) the impact on the ultimate survival of the fish is unclear, and (4) airgun exposure specifics 
required to cause the observed damage were not obtained (i.e., a few high SPL signals or the cumulative 
effect of many low to moderate SPL signals). 
 
Popper et al. (2005) tested the hearing sensitivity of three Mackenzie River fish species after exposure to 
five discharges from a seismic airgun.  The mean received peak SPL was 205 to 209 dB re 1 µPa per 
discharge, and the approximate mean received SEL was 176 to 180 dB re 1 µPa2 · s per discharge.  
While the broad whitefish (Coregonus nasus) showed no Temporary Threshold Shift (TTS) as a result 
of the exposure, adult northern pike (Esox lucius; a hearing generalist), and lake chub (Couesius 
plumbeus; hearing specialist) exhibited TTSs of 10 to 15 dB, followed by complete recovery within 24 
hours of exposure.  The same animals were also examined to determine whether there were observable 
effects on the sensory cells of the inner ear as a result of exposure to seismic sound (Song et al. 2008).  
No damage to the ears of the fishes was found, including those that exhibited TTS. 
 
In uncontrolled experiments using a very small sample of different groups of young salmonids, in-
cluding Arctic cisco (Coregonus autumnalis), fish were caged and exposed to various types of sound.  
One sound type was either a single firing or a series of four firings 10 to 15 seconds apart of a 300 in3 
seismic airgun at 2,000 to 2,200 psi (Falk and Lawrence 1973).  Swim bladder damage was reported but 
no mortality was observed when fish were exposed within 1 to 2 m of an airgun source with source level 
~230 dB re 1 µPa at 1 m (unspecified measure) (as estimated by Turnpenny and Nedwell 1994). 
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Behavioural 
 
Invertebrates 
 
Some studies have focused on potential behavioural effects on marine invertebrates.  Christian et al. 
(2003) investigated the behavioural effects of exposure to airgun sound on snow crabs.  Eight animals 
were equipped with ultrasonic tags, released, and monitored for multiple days prior to exposure and after 
exposure.  Received SPL and SEL were ~191 dB re 1 µPa0-p and <130 dB re 1 µPa2 · s, respectively.  
The crabs were exposed to 200 discharges over a 33 minute period.  None of the tagged animals left the 
immediate area after exposure to the seismic survey sound.  Five animals were captured in the snow crab 
commercial fishery the following year, one at the release location, one 35 km from the release location, 
and three at intermediate distances from the release location. 
 
Another study approach used by Christian et al. (2003) involved monitoring snow crabs with a remote 
video camera during their exposure to airgun sound.  The caged animals were placed on the ocean 
bottom at a depth of 50 m.  Received SPL and SEL were ~202 dB re 1 µPa0-p and 150 dB re 1 µPa2 · s, 
respectively.  The crabs were exposed to 200 discharges over a 33 minute period.  They did not exhibit 
any overt startle response during the exposure period. 
 
Caged female snow crabs exposed to airgun sound associated with a recent commercial seismic survey 
conducted in the southern Gulf of St. Lawrence, Canada, exhibited a higher rate of ‘righting’ than those 
crabs not exposed to seismic survey sound (J. Payne, Research Scientist, DFO, St. John’s, NL, pers. 
comm.).  ‘Righting’ refers to a crab’s ability to return itself to an upright position after being placed on 
its back.  Christian et al. (2003) made the same observation in their study.  Payne et al. (2007), in their 
study of the effects of exposure to airgun sound on adult American lobsters, noted a trend for increased 
food consumption by the animals exposed to seismic sound.  
 
Caged brown shrimp Crangon crangon reared under different acoustical conditions exhibited differ-
ences in aggressive behaviour and feeding rate (Lagardère 1982).  Those exposed to a continuous sound 
source showed more aggression and less feeding behaviour.  It should be noted that behavioural 
responses by caged animals may differ from behavioural responses of animals in the wild. 
 
McCauley et al. (2000a,b) provided the first evidence of the behavioural response of southern calamari 
squid Sepioteuthis australis exposed to seismic survey sound.  McCauley et al. (2000a,b) reported on the 
exposure of caged cephalopods (50 squid and two cuttlefish) to sound from a single 20 in3 airgun.  The 
cephalopods were exposed to both stationary and mobile sound sources.  The two-run total exposure 
times during the three trials ranged from 69 to 119 min. at a firing rate of once every 10 to 15 seconds.  
The maximum SPL was >200 dB re 1 µPa0-p.  Some of the squid fired their ink sacs apparently in 
response to the first shot of one of the trials and then moved quickly away from the airgun.  In addition 
to the above-described startle responses, some squid also moved towards the water surface as the airgun 
approached.  McCauley et al. (2000a,b) reported that the startle and avoidance responses occurred at a 
received SPL of 174 dB re 1 µParms.  They also exposed squid to a ramped approach-depart airgun signal 
whereby the received SPL was gradually increased over time.  No strong startle response (i.e., ink 
discharge) was observed, but alarm responses, including increased swimming speed and movement to 
the surface, were observed once the received SPL reached a level in the 156 to 161 dB re 1 µParms range.   
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Komak et al. (2005) also reported the results of a study of cephalopod behavioural responses to local 
water movements.  In this case, juvenile cuttlefish Sepia officinalis exhibited various behavioural 
responses to local sinusoidal water movements of different frequencies between 0.01 and 1,000 Hz.  
These responses included body pattern changing, movement, burrowing, reorientation, and swimming.  
Similarly, the behavioural responses of the octopus Octopus ocellatus to non-impulse sound have been 
investigated by Kaifu et al. (2007).  The sound stimuli, reported as having levels 120 dB re 1 μPa rms, 
were at various frequencies:  50, 100, 150, 200 and 1,000 Hz.  The respiratory activity of the octopus 
changed when exposed to sound in the 50–150 Hz range but not for sound at 200–1,000 Hz.  Respiratory 
suppression by the octopus might have represented a means of escaping detection by a predator. 
 
Low-frequency sound (<200 Hz) has also been used as a means of preventing settling/fouling by aquatic 
invertebrates such as zebra mussels Dreissena polymorpha (Donskoy and Ludyanskiy 1995) and 
balanoid barnacles Balanus sp. (Branscomb and Rittschof 1984).  Price (2007) observed that blue 
mussels Mytilus edulis closed their valves upon exposure to 10 kHz pure tone continuous sound.   
 
Although not demonstrated in the invertebrate literature, masking can be considered a potential effect of 
anthropogenic underwater sound on marine invertebrates.  Some invertebrates are known to produce 
sounds (Au and Banks 1998; Tolstoganova 2002; Latha et al. 2005).  The functionality and biological 
relevance of these sounds are not understood (Jeffs et al. 2003, 2005; Lovell et al. 2005; Radford et al. 
2007).  If some of the sounds are of biological significance to some invertebrates, then masking of those 
sounds or of sounds produced by predators, at least the particle displacement component, could 
potentially have adverse effects on marine invertebrates.  However, even if masking does occur in some 
invertebrates, the intermittent nature of airgun sound is expected to result in less masking effect than 
would occur with continuous sound. 
 
Invertebrate Fisheries 
 
Christian et al. (2003) investigated the pre- and post-exposure catchability of snow crabs during a 
commercial fishery.  Received SPLs and SELs were not measured directly and likely ranged widely 
considering the area fished.  Maximum SPL and SEL were likely similar to those measured during the 
telemetry study.  There were seven pre-exposure and six post-exposure trap sets.  Unfortunately, there 
was considerable variability in set duration because of poor weather.  Results indicated that the catch-
per-unit-effort did not decrease after the crabs were exposed to seismic survey sound. 
 
Andriguetto-Filho et al. (2005) attempted to evaluate the impact of seismic survey sound on artisanal 
shrimp fisheries off Brazil.  Bottom trawl yields were measured before and after multiple-day shooting 
of an airgun array.  Water depth in the experimental area ranged between 2 and 15 m.  Results of the 
study did not indicate any significant deleterious impact on shrimp catches.  Anecdotal information from 
Newfoundland indicated that catch rates of snow crabs showed a significant reduction immediately 
following a pass by a seismic survey vessel (G. Chidley, Newfoundland fisherman, pers. comm.).  
Additional anecdotal information from Newfoundland indicated that a school of shrimp observed via a 
fishing vessel sounder shifted downwards and away from a nearby seismic airgun sound source (H. 
Thorne, Newfoundland fisherman, pers. comm.).  This observed effect was temporary.   
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Parry and Gason (2006) statistically analyzed data related to rock lobster Jasus edwardsii commercial 
catches and seismic surveying in Australian waters from 1978 to 2004.  They did not find any evidence 
that lobster catch rates were affected by seismic surveys. 
 
Fishes 
 
Pearson et al. (1992) investigated the effects of seismic airgun sound on the behaviour of captive 
rockfishes Sebastes sp. exposed to the sound of a single stationary airgun at a variety of distances.  The 
airgun used in the study had a source SPL at 1 m of 223 dB re 1 µPa at 1 m0-p, and measured received 
SPLs ranged from 137 to 206 dB re 1 µPa0-p.  The authors reported that rockfishes reacted to the airgun 
sounds by exhibiting varying degrees of startle and alarm responses, depending on the species of 
rockfish and the received SPL.  Startle responses were observed at a minimum received SPL of 200 dB 
re 1 µPa0-p, and alarm responses occurred at a minimum received SPL of 177 dB re 1 µPa0-p.  Other 
observed behavioural changes included the tightening of schools, downward distributional shift, and 
random movement and orientation.  Some fishes ascended in the water column and commenced to mill 
(i.e., “eddy”) at increased speed, while others descended to the bottom of the enclosure and remained 
motionless.  Pre-exposure behaviour was reestablished from 20 to 60 minutes after cessation of seismic 
airgun discharge.  Pearson et al. (1992) concluded that received SPL thresholds for overt rockfish 
behavioural response and more subtle rockfish behavioural response are 180 dB re 1 µPa0-p and 161 dB 
re 1 µPa0-p, respectively. 
 
Fish exposed to the sound from a single airgun in the study by McCauley et al. (2000a,b) exhibited 
startle responses to short range start up and high level airgun signals (i.e., with received SPLs of 182 to 
195 dB re 1 µParms.  Smaller fish were more likely to display a startle response.  Responses were 
observed above received SPLs of 156 to 161 dB re 1 µParms.  The occurrence of both startle response 
(classic C-turn response) and alarm responses (e.g., darting movements, flash school expansion, fast 
swimming) decreased over time.  Other observations included downward distributional shift that was 
restricted by the 10 m x 6 m x 3 m cages, increase in swimming speed, and the formation of denser 
aggregations.  Fish behaviour appeared to return to pre-exposure state 15 to 30 min after cessation of 
seismic firing. 
 
Using an experimental hook and line fishery approach, Skalski et al. (1992) studied the potential effects 
of seismic airgun sound on the distribution and catchability of rockfishes.  The source SPL of the single 
airgun used in the study was 223 dB re 1 µPa at 1 m 0-p, and the received SPLs at the bases of the 
rockfish aggregations ranged from 186 to 191 dB re 1 µPa0-p.  Characteristics of the fish aggregations 
were assessed using echosounders.  During long-term stationary seismic airgun discharge, there was an 
overall downward shift in fish distribution.  The authors also observed a significant decline in total catch 
of rockfishes during seismic discharge.  It should be noted that this experimental approach was quite 
different from an actual seismic survey, in that duration of exposure was much longer. 
 
In another study, caged European sea bass Dicentrarchus labrax were exposed to multiple discharges 
from a moving seismic airgun array with a source SPL of about 256 dB re 1 µPa at 1 m0-p (unspecified 
measure type) (Santulli et al. 1999).  The airguns were discharged every 25 seconds during a two hour 
period.  The minimum distance between fish and seismic source was 180 m.  The authors did not 
indicate any observed pathological injury to the sea bass.  Blood was collected from both exposed fish 
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(6 h post-exposure) and control fish (6 h pre-exposure) and subsequently analyzed for cortisol, glucose, 
and lactate levels.  Levels of cortisol, glucose, and lactate were significantly higher in the sera of 
exposed fish compared to sera of control fish.  The elevated levels of all three chemicals returned to pre-
exposure levels within 72 hours of exposure (Santulli et al. 1999). 
 
Santulli et al. (1999) also used underwater video cameras to monitor fish response to seismic airgun 
discharge.  Resultant video indicated slight startle responses by some of the sea bass when the seismic 
airgun array discharged as far as 2.5 km from the cage.  The proportion of sea bass that exhibited startle 
response increased as the airgun sound source approached the cage.  Once the seismic array was within 
180 m of the cage, the sea bass were densely packed at the middle of the enclosure, exhibiting random 
orientation, and appearing more active than they had been under pre-exposure conditions.  Normal 
behaviour resumed about 2 hours after airgun discharge nearest the fish (Santulli et al. 1999). 
 
Boeger et al. (2006) reported observations of coral reef fishes in field enclosures before, during and after 
exposure to seismic airgun sound.  This Brazilian study used an array of eight airguns that was presented 
to the fishes as both a mobile sound source and a static sound source.  Minimum distances between the 
sound source and the fish cage ranged from 0 to 7 m.  Received sound levels were not reported by 
Boeger et al. (2006).  Neither mortality nor external damage to the fishes was observed in any of the 
experimental scenarios.  Most of the airgun array discharges resulted in startle responses although these 
behavioural changes lessened with repeated exposures, suggesting habituation. 
 
Chapman and Hawkins (1969) investigated the reactions of free-ranging whiting (silver hake), 
Merluccius bilinearis, to an intermittently discharging stationary airgun with a source SPL of 220 dB re 
1 µPa at 1 m0-p.  Received SPLs were estimated to be 178 dB re 1 µPa0-p.  The whiting were monitored 
with an echosounder.  Prior to any airgun discharge, the fish were located at a depth range of 25 to 55 m.  
In apparent response to the airgun sound, the fish descended, forming a compact layer at depths greater 
than 55 m.  After an hour of exposure to the airgun sound, the fish appeared to have habituated as 
indicated by their return to the pre-exposure depth range, despite the continuing airgun discharge.  
Airgun discharge ceased for a time and upon its resumption, the fish again descended to greater depths, 
indicating only temporary habituation.   
 
Hassel et al. (2003, 2004) studied the potential effects of exposure to airgun sound on the behaviour of 
captive lesser sandeel, Ammodytes marinus.  Depth of the study enclosure used to hold the sandeel was 
about 55 m.  The moving airgun array had an estimated source SPL of 256 dB re 1 µPa at 1 m 
(unspecified measure type).  Received SPLs were not measured.  Exposures were conducted over a three 
day period in a 10 km x 10 km area with the cage at its centre.  The distance between airgun array and 
fish cage ranged from 55 m when the array was overhead to 7.5 km.  No mortality attributable to 
exposure to the airgun sound was noted.  Behaviour of the fish was monitored using underwater video 
cameras, echosounders, and commercial fishery data collected close to the Study Area.  The approach of 
the seismic vessel appeared to cause an increase in tail-beat frequency although the sandeels still 
appeared to swim calmly.  During seismic airgun discharge, many fish exhibited startle responses, 
followed by flight from the immediate area.  The frequency of occurrence of startle response seemed to 
increase as the operating seismic array moved closer to the fish.  The sandeels stopped exhibiting the 
startle response once the airgun discharge ceased.  The sandeel tended to remain higher in the water 
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column during the airgun discharge, and none of them were observed burying themselves in the soft 
substrate.  The commercial fishery catch data were inconclusive with respect to behavioural effects. 
 
Various species of demersal fishes, blue whiting, and some small pelagic fishes were exposed to a 
moving seismic airgun array with a source SPL of about 250 dB re 1 µPa at 1 m (unspecified measure 
type) (Dalen and Knutsen 1986).  Received SPLs estimated using the assumption of spherical spreading 
ranged from 200 to 210 dB re 1 µPa (unspecified measure type).  Seismic sound exposures were 
conducted every 10 seconds during a one week period.  The authors used echosounders and sonars to 
assess the pre- and post-exposure fish distributions.  The acoustic mapping results indicated a significant 
decrease in abundance of demersal fish (36%) after airgun discharge but comparative trawl catches did 
not support this.  Non-significant reductions in the abundances of blue whiting and small pelagic fish 
were also indicated by post-exposure acoustic mapping. 
 
La Bella et al. (1996) studied the effects of exposure to seismic airgun sound on fish distribution using 
echosounder monitoring and changes in catch rate of hake by trawl, and clupeoids by gill netting.  The 
seismic array used was composed of 16 airguns and had a source SPL of 256 dB re 1 µPa at 1 m0-p.  The 
shot interval was 25 seconds, and exposure durations ranged from 4.6 to 12 hours.  Horizontal 
distributions did not appear to change as a result of exposure to seismic discharge, but there was some 
indication of a downward shift in the vertical distribution.  The catch rates during experimental fishing 
did not differ significantly between pre- and post-seismic fishing periods. 
 
Wardle et al. (2001) used video and telemetry to make behavioural observations of marine fishes 
(primarily juvenile saithe (Pollachius virens), adult pollock (Pollachius pollachius), juvenile cod, and 
adult mackerel) inhabiting an inshore reef off Scotland before, during, and after exposure to discharges 
of a stationary airgun.  The received SPLs ranged from about 195 to 218 dB re 1 µPa0-p.  Pollock did not 
move away from the reef in response to the seismic airgun sound, and their diurnal rhythm did not 
appear to be affected.  However, there was an indication of a slight effect on the long-term day-to-night 
movements of the pollock.  Video camera observations indicated that fish exhibited startle responses 
(“C-starts”) to all received levels.  There were also indications of behavioural responses to visual 
stimuli.  If the seismic source was visible to the fish, they fled from it.  However, if the source was not 
visible to the fish, they often continued to move toward it.   
 
The potential effects of exposure to seismic sound on fish abundance and distribution were also 
investigated by Slotte et al. (2004).  Twelve days of seismic survey operations spread over a period of 
one month used a seismic airgun array with a source SPL of 222.6 dB re 1 µPa at 1 mp-p.  The SPLs 
received by the fish were not measured.  Acoustic surveys of the local distributions of various kinds of 
pelagic fish, including herring, blue whiting (Micromesistius poutassoa), and mesopelagic species, were 
conducted during the seismic surveys.  There was no strong evidence of short-term horizontal 
distributional effects.  With respect to vertical distribution, blue whiting and mesopelagics were 
distributed deeper (20 to 50 m) during the seismic survey compared to pre-exposure.  The average 
densities of fish aggregations were lower within the seismic survey area, and fish abundances appeared 
to increase in accordance with increasing distance from the seismic survey area. 
 
During a Mackenzie River project, Jorgenson and Gyselman (2009) investigated the behavioural 
responses of Arctic riverine fishes to seismic airgun sound.  The mean received peak SPL was 205 to 
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209 dB re 1 µPa per discharge, and the approximate mean received SEL was 176 to 180 dB re 1 µPa2 · s 
per discharge.  They used hydroacoustic survey techniques to determine whether fish behaviour upon 
exposure to airgun sound can either mitigate or enhance the potential impact of the sound.  The study 
indicated that fish behavioural characteristics were generally unchanged by the exposure to airgun 
sound.  The tracked fish did not exhibit herding behaviour in front of the mobile airgun array and, 
therefore, were not exposed to sustained high sound levels.  
 
Thomsen (2002) exposed rainbow trout (Oncorhynchus mykiss) and Atlantic salmon held in aquaculture 
enclosures to the sounds from a small airgun array.  Received SPLs were 142 to 186 dB re 1 µPap-p.  The 
fish were exposed to 124 pulses over a three day period.  In addition to monitoring fish behaviour with 
underwater video cameras, the authors also analyzed cod and haddock catch data from a longline fishing 
vessel operating in the immediate area.  Only eight of the 124 shots appeared to evoke behavioural 
reactions by the salmonids, but overall impacts were minimal.  No fish mortality was observed during or 
immediately after exposure.  The author reported no significant effects on cod and haddock catch rates, 
and the behavioural effects were hard to differentiate from normal behaviour. 
 
Finfish Fisheries 
 
The most comprehensive experimentation on the effects of seismic airgun sound on catchability of 
fishes was conducted in the Barents Sea by Engås et al. (1993, 1996).  They investigated the effects of 
seismic airgun sound on distributions, abundances, and catch rates of cod and haddock using acoustic 
mapping and experimental fishing with trawls and longlines.  The maximum source SPL was about 248 
dB re 1 µPa at 1 m0-p based on calculations using sound measurements collected by a hydrophone 
suspended at a depth of 80 m.  No measurements of the received SPLs were made.  Davis et al. (1998) 
estimated the received SPL at the sea bottom immediately below the array and at 18 km from the array 
to be 205 dB re 1 µPa0-p and 178 dB re 1 µPa0-p, respectively.  Engås et al. (1993, 1996) concluded that 
there were indications of distributional change during and immediately following the seismic airgun 
discharge (45 to 64% decrease in acoustic density according to sonar data).  The lowest densities were 
observed within 9.3 km of the seismic discharge area.  The authors indicated that trawl catches of both 
cod and haddock declined after the seismic operations.  While longline catches of haddock also showed 
decline after seismic airgun discharge, those for cod increased. 
 
Løkkeborg (1991), Løkkeborg and Soldal (1993), and Dalen and Knutsen (1986) also examined the 
effects of seismic airgun sound on demersal fish catches.  Løkkeborg (1991) examined the effects on 
cod catches.  The source SPL of the airgun array used in his study was 239 dB re 1 µPa at 1 m 
(unspecified measure type), but received SPLs were not measured.  Approximately 43 hours of seismic 
airgun discharge occurred during an 11 day period, with a five-second interval between pulses.  Catch 
rate decreases ranging from 55 to 80% within the seismic survey area were observed.  This apparent 
effect persisted for at least 24 hours within about 10 km of the survey area.   
 
Turnpenny et al. (1994) examined results of these studies as well as the results of other studies on 
rockfish.  They used rough estimations of received SPLs at catch locations and concluded that 
catchability is reduced when received SPLs exceed 160 to 180 dB re 1 µPa0-p.  They also concluded that 
reaction thresholds of fishes lacking a swim bladder (e.g., flatfish) would likely be about 20 dB higher.  
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Given the considerable variability in sound transmission loss between different geographic locations, the 
SPLs that were assumed in these studies were likely quite inaccurate. 
 
Turnpenny and Nedwell (1994) also reported on the effects of seismic airgun discharge on inshore bass 
fisheries in shallow U.K. waters (5 to 30 m deep).  The airgun array used had a source level of 250 dB re 
1 µPa at 1 m0-p.  Received levels in the fishing areas were estimated to range between 163 and 191 dB re 
1 µPa0-p.  Using fish tagging and catch record methodologies, they concluded that there was not any 
distinguishable migration from the ensonified area, nor was there any reduction in bass catches on days 
when seismic airguns were discharged.  The authors concluded that effects on fisheries would be smaller 
in shallow nearshore waters than in deep water because attenuation of sound is often more rapid in 
shallow water, depending on the physical characteristics of the water and substrate in the area.  
 
Skalski et al. (1992) used a 100 in3 airgun with a source level of 223 dB re 1 µPa at 1 m0-p to examine 
the potential effects of airgun sound on the catchability of rockfishes.  The moving airgun was 
discharged along transects in the study fishing area, after which a fishing vessel deployed a set line, ran 
three echosounder transects, and then deployed two more set lines.  Each fishing experiment lasted one 
hour and 25 minutes.  Received SPLs at the base of the rockfish aggregations ranged from 186 to 191 
dB re 1 µPa0-p.  The catch-per-unit-effort (CPUE) for rockfish declined on average by 52.4% when the 
airguns were operating.  Skalski et al. (1992) believed that the reduction in catch resulted from a change 
in behaviour of the fishes.  The fish schools descended towards the bottom and their swimming 
behaviour changed during airgun discharge.  Although fish dispersal was not observed, the authors 
hypothesized that it could have occurred at a different location with a different bottom type.  Skalski et 
al. (1992) did not continue fishing after cessation of airgun discharge.  They speculated that CPUE 
would quickly return to normal in the experimental area, because fish behaviour appeared to normalize 
within minutes of cessation of airgun discharge.  However, in an area where exposure to airgun sound 
might have caused the fish to disperse, the authors suggested that a lower CPUE might persist for a 
longer period. 
 
European sea bass were exposed to sound from seismic airgun arrays with a source SPL of 262 dB re 1 
µPa at 1 m0-p

 (Pickett et al. 1994).  The seismic survey was conducted over a period of 4 to 5 months.  
The study was intended to investigate the effects of seismic airgun discharge on inshore bass fisheries.  
Information was collected through a tag and release program, and from the logbooks of commercial 
fishermen.  Most of the 152 recovered fish from the tagging program were caught within 10 km of the 
release site, and it was suggested that most of these bass did not leave the area for a prolonged period.  
With respect to the commercial fishery, no significant changes in catch rate were observed (Pickett et al. 
1994). 
 
5.7.4.3 Effects of Exposure to Marine Vessel Sound 
 
Numerous papers about the behavioural responses of fishes to marine vessel sound have been published 
in the primary literature.  They consider the responses of small pelagic fishes (e.g., Misund et al. 1996; 
Vabo et al. 2002; Jørgensen et al. 2004; Skaret et al. 2005; Ona et al. 2007; Sand et al. 2008), large 
pelagic fishes (Sarà et al. 2007), and groundfishes (Engås et al. 1998; Handegard et al. 2003; De 
Robertis et al. 2008).  Generally, most of the papers indicate that fishes typically exhibit some level of 
reaction to the sound of approaching marine vessels, the degree of reaction being dependent on a variety 
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of factors including the activity of the fish at the time of exposure (e.g., reproduction, feeding, 
migration), characteristics of the vessel sound, and water depth. 
 
Sound Exposure Effects Assessment 
 
The best approach when assessing the effects of exposure to sound associated with the proposed seismic 
program on the Fish and Fish Habitat VEC is to use species that best represent the variability associated 
with crucial criteria considered during the assessment.  The Project-related sound source of most 
concern is the airgun array that will be used during the seismic and geohazard surveying.  It would be 
most effective to assess the effects of exposure to sound using species that have been studied in that 
context.  Snow crab and Atlantic cod best serve that purpose.  
 
The most notable criteria in the assessment include (1) distance between airgun array and animal under 
normal conditions (post-larval snow crabs remain on bottom, post-larval cod occur in the water column, 
and larvae of both snow crab and cod are planktonic in upper water column), (2) motility of the animal 
(post-larval snow crabs much less motile than post-larval cod, and larvae of both are essentially passive 
drifters), (3) absence or presence of a swim bladder (i.e., auditory sensitivity) (snow crabs without 
swimbladder and cod with swimbladder), and (4) reproductive strategy (snow crabs carry fertilized eggs 
at the bottom until larval hatch, and cod eggs are planktonic). 
 
Potential impacts on other marine invertebrate and fish species are inferred from the assessment using 
snow crab and Atlantic cod.  Potential interactions between the proposed Project activities and the Fish 
and Fish Habitat VEC are shown in Table 5.2. 
 
As indicated in Subsection 5.7.5.2, there is a relative lack of knowledge of the effects of exposure to 
airgun sound on marine invertebrates and fishes.  Available experimental data suggest that there may be 
physical impacts on the fertilized eggs of snow crab and on the egg, larval, juvenile and adult stages of 
cod at very close range.  Considering the typical source levels associated with commercial seismic 
airgun arrays, close proximity to the source would result in exposure to very high sound pressure levels.  
While egg and larval stages are not able to actively escape such an exposure scenario, juvenile and adult 
cod would most likely avoid it.  Developing embryos, juvenile and adult snow crab are benthic and 
generally far enough from the sound source to receive SPLs that are well below levels that may have 
impact.  In the case of eggs and larvae, it is likely that the numbers negatively affected by exposure to 
seismic sound would be similar to those succumbing to natural mortality.  Atlantic cod do have swim 
bladders and are therefore generally more sensitive to underwater sounds than fishes without swim 
bladders.  Spatial and temporal avoidance of critical life history times (e.g., spawning aggregations) 
should mitigate the behavioural effects of exposure to airgun sound.   
 
Snow crab, sensitive to the particle displacement component of sound only, will be at least 200 m from 
the airguns and will not likely be affected by any particle displacement resulting from airgun discharge. 
 
Limited data regarding physiological impacts on fish and invertebrates indicate that these impacts are 
both short-term and most obvious after exposure at close range. 
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The physical effects of exposure to sound with frequencies >500Hz are negligible, based on the 
available information from the scientific literature.  Effects of exposure to >500Hz sound and marine 
vessel sound appear to be primarily behavioural and somewhat temporary. 
 
Table 5.3 provides the details of the assessment of the effects of exposure to Project-related sound on the 
Fish and Fish Habitat VEC. 
 
As indicated in Table 5.3, sound produced as a result of the proposed Project (airgun sound being the 
worst-case scenario) is predicted to have low residual effects on the various life stages of the Fish and 
Fish Habitat VEC over a duration of <1 month to 1 to 12 months in an area of 11 to 100 km2.  Therefore, 
the residual effects of Project-related sound on the Fish and Fish Habitat VEC are predicted to be not 
significant (Table 5.4) 
 
5.7.4.4 Other Project Activities Not Related to Sound 
 
Vessel Lights 
 
As indicated in Table 5.2, there are potential interactions between vessel lights and certain components 
of the Fish and Fish Habitat VEC.  However, other than the relatively neutral effect of attraction of 
certain species/life stages to the upper water column at night, there are not any notable effects of vessel 
lights on this VEC (Table 5.3).  Therefore, the residual effects of vessel lights associated with the 
proposed Project on the Fish and Fish Habitat VEC are predicted to be not significant (Table 5.4). 
 
Sanitary/Domestic Waste 
 
As indicated in Table 5.2, there are potential interactions between sanitary/domestic waste and certain 
components of the Fish and Fish Habitat VEC.  However, after application of mitigation measures, 
including treatment of the waste, the residual effects of sanitary/domestic waste on the Fish and Fish 
Habitat VEC would be negligible to low in magnitude, <1 km2 in geographic extent, and <1 to 12 
months in duration (Table 5.3).  Therefore, the residual effects of sanitary/domestic waste associated 
with the proposed Project on the Fish and Fish Habitat VEC are predicted to be not significant (Table 
5.4). 
 
Air Emissions 
 
As indicated in Table 5.2, there are potential interactions between air emissions and certain components 
of the Fish and Fish Habitat VEC that occur near surface.  However, considering that the amount of air 
emissions produced during the proposed seismic program will rapidly disperse to undetectable levels, 
the residual effects of them on the Fish and Fish Habitat VEC would be negligible in magnitude, <1 km2 
in geographic extent, and <1 to 12 months in duration (Table 5.3).  Therefore, the residual effects of air 
emissions associated with the proposed Project on the Fish and Fish Habitat VEC are predicted to be not 
significant (Table 5.4). 
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Table 5.3 Assessment of effects on the Fish and Fish Habitat VEC. 
 

Valued Ecosystem Component:  Fish and Fish Habitat 
Evaluation Criteria for Assessing Environmental Effects 

Project Activity 
Potential Positive (P) or 

Negative (N) 
Environmental Effect 
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Vessel Lights Neutral effect N/A - - - - - - 

Sanitary/Domestic 
Waste 

Pathological effects; 
Contamination 

Treatment 0-1 1 1 1-2 R 2 

Air Emissions  
Pathological effects; 
Contamination 

Equipment 
maintenance 

0 1 6 1-2 R 2 

Sound 

Airgun Array 
Physical effects (N); 
Disturbance (N) 

Ramp-up of array; 
Spatial and temporal 
avoidance 

1 3 6 1-2 R 2 

Seismic Vessel Disturbance (N) 
Spatial and temporal 
avoidance 

0-1 1 6 1-2 R 2 

Supply Vessel Disturbance (N) 
Spatial and temporal 
avoidance 

0-1 1 6 1-2 R 2 

Picket Vessel Disturbance (N) 
Spatial and temporal 
avoidance 

0-1 1 6 1-2 R 2 

Geohazard Vessel Disturbance (N) 
Spatial and temporal 
avoidance 

0-1 1 6 1 R 2 

Echo Sounder Disturbance (N) 
Spatial and temporal 
avoidance 

0-1 1 6 1 R 2 

Side Scan Sonar Disturbance (N) 
Spatial and temporal 
avoidance 

0-1 1 6 1 R 2 

Boomer Disturbance (N) 
Spatial and temporal 
avoidance 

0-1 1 6 1 R 2 

Accidental Spills 
Pathological effects; 
Contamination 

Prevention 
protocols; 
Response plan 

0-1 1-2 1 1 R 2 

Key: 
Magnitude: Frequency: Reversibility: Duration: 
0 =  Negligible,  1 =  <11 events/yr R =  Reversible 1 = <1 month 
 essentially no effect 2 = 11-50 events/yr I = Irreversible 2 = 1-12 months  
1 = Low 3 = 51-100 events/yr (refers to population) 3 = 13-36 months 
2 = Medium 4 = 101-200 events/yr   4 = 37-72 months 
3 = High 5 = >200 events/yr   5 = >72 months 
  6 = continuous 
 
Geographic Extent: Ecological/Socio-cultural and Economic Context: 
1 = <1 km2 1 = Relatively pristine area or area not negatively affected by human activity 
2 = 1-10 km2 2 = Evidence of existing negative effects 
3 = 11-100 km2  
4 = 101-1,000 km2  
5 = 1,001-10,000 km2 
6 = >10,000 km2 
a   The airgun arrays will be shutdown if an endangered (or threatened) marine mammal or sea turtle is sighted within 500 m of the array. 
b A crew change may occur via helicopter if the seismic program is longer than 5 to 6 weeks.  
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Table 5.4 Significance of potential residual environmental effects of Project activities on the 
Fish and Fish Habitat VEC. 

 
Valued Ecosystem Component:  Fish and Fish Habitat 

Significance 
Rating 

Level of Confidence Likelihooda 
Project Activity 

Significance of Predicted Residual 
Environmental Effects 

Probability of 
Occurrence 

Scientific Certainty 

Vessel Presence/Lights NS 3 - - 
Sanitary/Domestic Wastes NS 3 - - 
Air Emissions NS 3 - - 
Sound 
Airgun Array  NS 2-3 - - 
Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 
Picket Vessel NS 3 - - 
Geohazard Vessel NS 3 - - 
Echo Sounder NS 2-3 - - 
Side Scan Sonar NS 2-3 - - 
Boomer NS 2-3 - - 
Accidental Spills NS 2-3 - - 
Key: 
Residual environmental Effect Rating: Probability of Occurrence:  based on professional judgment: 
S = Significant Negative Environmental Effect 1 = Low Probability of Occurrence 
NS = Not-significant Negative Environmental  2 = Medium Probability of Occurrence 
  Effect 3 = High Probability of Occurrence 
P = Positive Environmental Effect Scientific Certainty: based on scientific information and statistical  
Significance is defined as a medium or high analysis or  professional judgment: 
magnitude  (2 or 3 rating) and duration greater 1 = Low Level of Confidence 
than 1 year (3 or greater rating) and  geographic 2 = Medium Level of Confidence 
extent >100 km2 (4 or greater rating). 3 = High Level of Confidence 
  Level of Confidence: based on professional judgment:      
1 = Low Level of Confidence   
2 = Medium Level of Confidence   
3 = High Level of Confidence    
 a Considered only in the case where ‘significant negative effect’  is predicted 

 
Accidental Events 
 
Planktonic invertebrate and fish eggs and larvae are less resistant to effects of contaminants than are 
adults because they are not physiologically equipped to detoxify them or to actively avoid them.  In 
addition, many eggs and larvae develop at or near the surface where hydrocarbon exposure may be the 
greatest (Rice 1985).  Generally, fish eggs appear to be highly sensitive at certain stages and then become 
less sensitive just prior to larval hatching (Kühnhold 1978; Rice 1985).  Larval sensitivity varies with yolk 
sac stage and feeding conditions (Rice et al. 1986).  Eggs and larvae exposed to high concentrations of 
hydrocarbons generally exhibit morphological malformations, genetic damage, and reduced growth.  
Damage to embryos may not be apparent until the larvae hatch.  The natural mortality rate in fish eggs and 
larvae is extremely high and very large numbers would have to be destroyed by anthropogenic sources 
before effects would be detected in an adult population (Rice 1985).  Hydrocarbon-related mortalities 
would probably not affect year-class strength unless >50% of the larvae in a large proportion of the 
spawning area died (Rice 1985).   
 
There is an extensive body of literature regarding the effects of exposure to hydrocarbons on juvenile 
and adult fish.  Although some of the literature describes field observations, most refers to laboratory 
studies.  Reviews of the effects of hydrocarbons on fish have been prepared by Rice et al. 1986; 
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Armstrong et al. (1995), Payne et al. (2003) and numerous other authors.  If exposed to hydrocarbons in 
high enough concentrations, fish may suffer effects ranging from direct physical effects (e.g., coating of 
gills and suffocation) to more subtle physiological and behavioural effects.  Actual effects depend on a 
variety of factors such as the amount and type of hydrocarbon, environmental conditions, species and 
life stage, lifestyle, fish condition, degree of confinement of experimental subjects, and others.   
 
As indicated in Table 5.2, there are potential interactions between accidental events and certain 
components of the Fish and Fish Habitat VEC that occur near surface.  The effects of hydrocarbon spills 
on marine invertebrates and fish have been discussed and assessed in numerous recent environmental 
assessments of proposed offshore drilling programs and assessments have concluded that the residual 
effects of accidental events on the Fish and Fish Habitat VEC are predicted to be not significant.  With 
proper mitigations in place, the residual effects of an accidental event on the Fish and Fish habitat VEC 
would be negligible to low in magnitude, <1 to 10 km2 in geographic extent, and <1 month in duration 
(Table 5.3).  Based on these criteria ratings and consideration that the probability of hydrocarbon 
releases during seismic surveying are low, the residual effects of accidental events associated with the 
proposed seismic/geohazard program on the Fish and Fish Habitat VEC are predicted to be not 
significant (Table 5.4). 
 
Cumulative Effects 
 
As indicated in Table 5.2, oil and gas exploration and production activity, fisheries, and marine 
transportation all have the potential to interact with the Fish and Fish Habitat VEC.  Commercial 
fisheries obviously impact marine invertebrates and fish but fisheries management is intended to 
maintain populations at sustainable levels.  Marine transportation may cause some behavioural effects 
but these should be temporary.  Given the predicted minimal effects of other projects and activities, and 
the prediction that the residual effects of the proposed seismic program on the Fish and Fish Habitat 
VEC would be not significant, the cumulative effects on this VEC are also predicted to be not 
significant. 
 
5.7.5 Commercial Fisheries VEC 
 
The potential interactions of Project activities and the Commercial Fisheries VEC are indicated in Table 
5.5. 
 
The principal potential impacts of airgun seismic/geohazard surveying on the Commercial Fisheries 
VEC are related to (1) changes in catch rates resulting from sound-induced behavioural effects (scaring) 
on fishes, (2) interference with fishing activities, particularly fixed gear, owing to direct gear or vessel 
conflicts, and (3) effects on stock assessments based on DFO research activities which are used, among 
other purposes, for setting fishing quotas or exploring new fisheries. Each of these issues has been raised 
during consultations and issues scoping for oil and gas exploration.  Impacts related to physical effects 
on fish and invertebrates, including those potentially resulting from waste releases and accidental spills, 
are not discussed any further in this subsection because assessment of the Fish and Fish Habitat VEC 
predicted that the residual effects of these activities would be not significant.  
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Table 5.5 Potential interactions of Project activities and the Commercial Fisheries VEC. 
 

Valued Ecosystem Component:  Commercial Fisheries 

Project Activities 

Mobile Invertebrates 
and Fishes 

(fixed [e.g., gill net] and 
mobile gear [e.g., trawls]) 

Sedentary Benthic 
Invertebrates 

(fixed gear [e.g., crab 
pots]) 

Research Surveys 
(mobile gear-trawls) 

Vessel Lights    
Sanitary/Domestic Waste X X X 
Air Emissions    
Garbage a    
Sound 
Airgun Array X X X 
Seismic Vessel X X X 
Supply Vessel X X X 
Picket Vessel X X X 
Geohazard Vessel X X X 
Echo Sounder X   
Side Scan Sonar X  X 
Boomer X X X 
Presence of Vessels 
Seismic Vessel/Streamers  X X X 

Supply Vessel X X X 
Picket Vessel X X X 
Geohazard Vessel/Towed High 
Frequency Gear 

X X X 

Helicopter b    
Shore Facilities c    
Accidental Spills X X X 
OTHER PROJECTS AND ACTIVITIES 
Oil and Gas Activities on the 
Labrador Shelf 

X X X 

Oil and Gas Activities on the 
Grand Banks 

X X X 

Marine Transportation X X X 
a Not applicable as garbage will be brought ashore. 
b A crew change may occur via helicopter if the seismic program is longer than 5 to 6 weeks. 
c There will not be any new onshore facilities.  Existing infrastructure will be used. 
 

 
The chief means of mitigating potential impacts on commercial fisheries activities is to avoid active 
fishing areas, particularly fixed gear zones when they are occupied by harvesters.  Impacts on DFO 
assessment/research surveys would occur either as a result of behavioural responses or fishing 
interference (i.e., through the same pathways as impacts on commercial fishing) and, therefore, 
avoidance is again an appropriate mitigation for these potential effects.  For the commercial fisheries, 
gear damage compensation provides a means of final mitigation of impacts caused by conflict between 
fishing gear and survey gear and/or vessel. 
 
As indicated in the Commercial Fisheries VEC background (Section 4.3), most of the commercial 
fishery harvest in the Study Area in recent years, in terms of catch weight, has been comprised of 
northern shrimp.  Snow crab and Greenland halibut have accounted for the remainder of the reported 
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landings.  Most of the catches have occurred in areas where water depth exceeds 200 m, specifically in 
the northern part of the Study Area in the Hopedale Saddle located between Nain and Makkovik Banks.  
Snow crab harvests have been concentrated in the southeastern part of the Project Area, again in areas 
where water depths exceed 200 m.  Between 2006 and 2008, more than 98% of the catch weight 
landings were due to mobile gear fishing for shrimp.  The fixed gear used during the three year period 
was primarily accounted for by crab pots set in depths exceeding 200 m along the shelf edge in the 
southeastern part of the Project Area.  Crab fishing in the Project Area has been conducted in July and 
August during 2006 to 2008. 
 
The potential for impacts on fish harvesting will therefore depend very much on the location of the 
surveying activities in relation to these fishing areas in any given season.  If the survey work is situated 
away from these fishing areas, the likelihood of any impacts on commercial harvesting will be greatly 
reduced.  Potential impacts on fisheries research are discussed separately in this subsection. 
 
For the transit routes to the survey area, where the survey streamers may be deployed during the 
outbound segment, a separate route analysis will be prepared and discussions with fishing interests 
undertaken before the transits, to avoid fixed gear fishing activities.  
 
The C-NLOPB Guidelines (C-NLOPB 2008) provide guidance aimed at minimizing any impacts of 
petroleum industry surveys on commercial fish harvesting. These Guidelines were developed based on 
best practices during previous years' surveys in Atlantic Canada, and on guidelines from other national 
jurisdictions. The relevant Guidelines state (Appendix 2, Environmental Mitigative Measures): 
 

 The operator should implement operational arrangements to ensure that the operator and/or 
its survey contractor and the local fishing interests are informed of each other’s planned 
activities. Communication throughout survey operations with fishing interests in the area 
should be maintained; 
 

 The operator should publish a Canadian Coast Guard “Notice to Mariners” and a “Notice to 
Fishers” via the CBC Radio program Fisheries Broadcast; 

 
 Operators should implement a gear and/or vessel damage compensation program, to 

promptly settle claims for loss and/or damage that may be caused by survey operations.  The 
scope of the compensation program should include replacement costs for lost or damaged 
gear and any additional financial loss that is demonstrated to be associated with the incident. 
The operator should report on the details of any compensation awarded under such a 
program; 
 

 Procedures must be in place on the survey vessel(s) to ensure that any incidents of contact 
with fishing gear are clearly detected and documented (e.g., time, location of contact, loss of 
contact, and description of any identifying markings observed on affected gear). As per 
Section 4.2 of these Guidelines, any incident should be reported immediately to the 24-hour 
answering service at (709) 778-1400 or to the duty officer at (709) 682 4426; 
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 Surveys should be scheduled, to the extent possible, to reduce potential for impact or 
interference with DFO science surveys.  Spatial and temporal logistics should be determined 
with DFO to reduce overlap of seismic operations with research survey areas, and to allow an 
adequate temporal buffer between seismic survey operations and DFO research activities; 
 

 Seismic activities should be scheduled to avoid heavily fished areas, to the extent possible. 
The operator should implement operational arrangements to ensure that the operator and/or 
its survey contractor and the local fishing interests are informed of each other’s planned 
activities.  Communication throughout survey operations with fishing interests in the area 
should be maintained.  The use of a ‘Fisheries Liaison Officer’ (FLO) on-board the seismic 
vessel would be considered an acceptable approach; and 
 

 Where more than one survey operation is active in a region, the operator(s) should arrange 
for a ‘Single Point of Contact’ (SPOC) for marine users that may be used to facilitate 
communication. 

 
The following sections describe how the proposed Chevron seismic/geohazard survey work will meet 
each of these mitigative guidelines, as well as other measures that will be applied. 
 
5.7.5.1 Catch Rates (Fishing Success) 
 
Some fisheries industry representatives have stated concerns that seismic airgun sound may scare finfish 
from their fishing locations, or discourage benthic species, such as snow crab, from entering fishing 
gear. The likelihood that finfish will move away as the array approaches is considered a factor that helps 
prevent physical impacts on these species. 
 
The discussion of the behavioural effects on fish and invertebrates in Subsection 5.7.5.2 presents the 
results of studies on the effects of airgun sound on catch rates.  While most, though not all, of these 
studies report some decrease in catch rates near seismic survey areas, there is less agreement on the 
duration and geographical extent of the effect, ranging from a temporary effect to one several days long, 
and from very localized effects to decreased catch rates as far as 15 to 20 km away.  Snow crab, being 
relatively sedentary benthic species, is not likely to disperse and catch rates are not as likely to be 
affected.  Shrimp fishing operators report no observed impact on catch rates offshore Newfoundland and 
Labrador but request that communications be maintained so that seismic streamers and fishing trawls do 
not overlap in the same area. 
 
If survey work is planned in areas of snow crab fishing, the gear sets will have to be avoided by the 
seismic ship because of the risk of gear or vessel conflicts, so direct overlap of activities should not 
occur. 
 
Mitigations 
 
Mitigations intended to minimize the effects of Project activities on the ‘catch rate’ component of the 
Commercial Fisheries VEC are described below. 
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Avoidance 
 
Potential impacts on fishing (catch success as well as gear conflicts) will be mitigated by avoiding 
heavily fished areas when these fisheries are active (specifically the snow crab areas) to the greatest 
extent possible.  As described in this report, most of the fishing in the past has been concentrated in 
well-defined areas within the Project Area. During any survey, the location of current activities will be 
monitored by the ship and the FLO (see below) and plotted by project vessels, and fishing boats will be 
contacted by radio.  Survey personnel (through the SPOC, described below) will also continue to be 
updated about fisheries near the survey.  The mapping of activities contained in this EA report will also 
be an important source of fisheries information for the survey operators. 
 
Communications 
 
During the fisheries consultations for this and other surveys, fisheries representatives noted that good 
communications is one of the best ways to minimize interference with fishing activities.  
Communication will be maintained (directly at sea, and through the SPOC) to facilitate information 
exchange with fisheries participants.  This includes such groups as DFO managers, independent fishers, 
representatives of fisheries organizations such as the FFAW, and managers of other key corporate 
fisheries in the area. 
 
Relevant information about the survey operations will also be publicized using established 
communications mechanisms, such as the Notices to Shipping (Continuous Marine Broadcast and 
NavTex) and the CBC (Newfoundland) Radio's Fisheries Broadcast, and by the FFAW in the FFAW’s 
Union Forum (as suggested during previous consultations), as well as direct communications between 
the survey vessel and fishing vessels via marine radio at sea. This will also include any transit routes. 
 
Fisheries Liaison Officer 
 
As a specific means of facilitating at-sea communications, and informing the survey vessel operators 
about local fisheries, Chevron will have an on-board fisheries industry liaison officer as a "fisheries 
representative". The FLO will remain on the relevant survey vessel for the entire program. This will 
provide a dedicated marine radio contact for all fishing vessels in the vicinity of operations to discuss 
interactions and resolve any problems that may arise at sea.  This person will assist the vessel's bridge 
personnel to become informed about any local fishing activities.  
 
Observers have proven effective in the Nova Scotia sector since 1998.  Since 2002, FLOs have been 
utilized in Newfoundland and Labrador waters and have proven highly effective in communicating with 
fishers at sea and avoiding gear and fishing conflicts in this sector.  (Appendix D in LGL (2007a) 
contains a description of the FLO responsibilities and qualifications, as agreed in previous discussions 
with the FFAW.). 
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Assessment 
 
As indicated in Table 5.6, the proposed Project is predicted to have negligible residual effects on catch 
rates of commercial fisheries (i.e., economic impacts) with application of the mitigations described 
above.  The predicted magnitude, geographic extent and duration of the residual effects of the Project 
activities on catch rates are negligible, 11 to 100 km2, and <1 to 12 months, respectively (Table 5.6). 
Therefore, the residual effects of the Project activities on the catch rates of the Commercial Fisheries 
VEC are predicted to be not significant (Table 5.7). 
 
Table 5.6 Assessment of effects on the Commercial Fisheries VEC. 
 

Valued Ecosystem Component: Commercial Fisheries 

Evaluation Criteria for Assessing  
Environmental Effects 

Project Activity 
 

Potential Positive (P) or 
Negative (N) 

Environmental Effect 
Mitigation 
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Sound 

Airgun Array 
Disturbance (N); 
 
Effect on catch rate (N) 

Spatial and temporal 
avoidance; 
Communication 

0 3 6 1-2 R 2 

Seismic Vessel 
Disturbance (N); 
 
Effect on catch rate (N) 

Spatial and temporal 
avoidance; 
Communication 

0 1 6 1-2 R 2 

Supply Vessel 
Disturbance (N); 
 
Effect on catch rate (N) 

Spatial and temporal 
avoidance; 
Communication 

0 1 6 1-2 R 2 

Picket Vessel 
Disturbance (N); 
 
Effect on catch rate (N) 

Spatial and temporal 
avoidance; 
Communication 

0 1 6 1-2 R 2 

Geohazard Vessel 
Disturbance (N); 
 
Effect on catch rate (N) 

Spatial and temporal 
avoidance; 
Communication 

0 1 6 1 R 2 

Echo Sounder 
Disturbance (N); 
 
Effect on catch rate (N) 

Spatial and temporal 
avoidance; 
Communication 

0 1 6 1 R 2 

Side Scan Sonar 
Disturbance (N); 
 
Effect on catch rate (N) 

Spatial and temporal 
avoidance; 
Communication 

0 1 6 1 R 2 

Boomer 
Disturbance (N); 
 
Effect on catch rate (N) 

Spatial and temporal 
avoidance; 
Communication 

0 1 6 1 R 2 

Presence of Vessel 

Seismic Vessel/Streamers   Conflict with gear (N) 
Fisheries Liaison 
Officer (FLO); 
Communication 

0-1 1-3 6 1-2 R 2 

Supply Vessel Conflict with gear (N) 

Fisheries Liaison 
Officer (FLO); 
 
Communication 

0-1 1-3 6 1-2 R 2 

Picket Vessel Conflict with gear (N) 
Fisheries Liaison 
Officer (FLO); 
Communication 

0-1 1-3 6 1 R 2 
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Valued Ecosystem Component: Commercial Fisheries 

Evaluation Criteria for Assessing  
Environmental Effects 

Project Activity 
 

Potential Positive (P) or 
Negative (N) 

Environmental Effect 
Mitigation 
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Geohazard Vessel/Towed High 
Frequency Gear 

Conflict with gear (N) 
Fisheries Liaison 
Officer (FLO); 
Communication 

0-1 1-2 6 1 R 2 

Accidental Spills 
Taint (N); 
 
Perceived taint (N) 

Preventative 
protocols; 
Response plan; 
Communications 

0-1 1-2 1 1 R 2 

Key: 
Magnitude: Frequency: Reversibility:                                       Duration: 
0 =  Negligible,  1 =  < 11 events/yr R =  Reversible 1 = < 1 month 
 essentially no effect 2 = 11-50 events/yr I = Irreversible 2 = 1-12 months 
1 = Low 3 = 51-100 events/yr (refers to population) 3 = 13-36 months 
2 = Medium 4 = 101-200 events/yr   4 = 37-72 months 
3 = High 5 = > 200 events/yr   5 = > 72 months 
  6 = continuous 

Geographic Extent: Ecological/Socio-cultural and Economic Context: 
1 = < 1-km2 1 = Relatively pristine area or area not affected by human activity 
2 = 1-10-km2 2 = Evidence of existing effects 
3 = 11-100-km2  
4 = 101-1000-km2  

5 = 1001-10,000-km2 
6 = > 10,000-km2 
 
a A crew change may occur via helicopter if the seismic program is longer than 5 to 6 weeks. 
b This is considered negligible since, if a conflict occurs, compensation will eliminate any economic impact.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Table 5.7 Significance of potential residual environmental effects of Project activities on the 
Commercial Fisheries VEC. 

 
Valued Ecosystem Component: Commercial Fisheries 

Significance 
Rating 

Level of Confidence Likelihooda 
Project Activity 

Significance of Predicted Residual 
Environmental Effects 

Probability of 
Occurrence 

Scientific Certainty 

Sound 
Airgun Array NS 2-3 - - 
Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 
Picket Vessel NS 3 - - 
Geohazard Vessel NS 3 - - 
Echo Sounder NS 2-3 - - 
Side Scan Sonar NS 2-3 - - 
Boomer NS 2-3 - - 
Presence of Vessels 
Seismic Vessel/Streamer NS 3 - - 
Supply Vessel NS 3 - - 
Picket Vessel NS 3 - - 
Geohazard Vessel/Towed High 
Frequency Gear 

NS 3 - - 

Accidental Spills NS 2-3 - - 
Key: 
Residual environmental Effect Rating: Probability of Occurrence:  based on professional judgment: 
S = Significant Negative Environmental Effect 1 = Low Probability of Occurrence 
NS = Not-significant Negative Environmental  2 = Medium Probability of Occurrence 
  Effect 3 = High Probability of Occurrence 
P = Positive Environmental Effect Scientific Certainty: based on scientific information and statistical  
Significance is defined as a medium or high analysis or  professional judgment: 
magnitude  (2 or 3 rating) and duration greater 1 = Low Level of Confidence 
than 1 year (3 or greater rating) and  geographic 2 = Medium Level of Confidence 
extent >100 km2 (4 or greater rating). 3 = High Level of Confidence 
    
Level of Confidence: based on professional judgment:      
1 = Low Level of Confidence   
2 = Medium Level of Confidence   
3 = High Level of Confidence    

 a Considered only in the case where ‘significant negative effect’ is predicted 

 
5.7.5.2 Conflict with Fishing Gear (Survey Areas and Transit Routes) 
 
In previous surveys, concerns have been raised about the seismic vessel or streamer fouling fishing gear, 
most specifically fixed gear if it is concurrent and located in the area of seismic surveying.  In the past, 
gear conflicts have occasionally occurred in areas of the Atlantic Canada.  All such incidents have 
involved fixed gear (typically crab or lobster pots, gill nets, or large pelagic longlines).  When these 
events have occurred, they have been assessed and compensation paid for losses attributable to the 
survey vessel or other petroleum industry activities. 
 
For the streamer deployment during the transits to and between survey areas, there will be no use of the 
sound source (airgun array), so the only potential effects relate to the physical presence of the vessel and 
the streamer, if it is deployed.  
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Mitigations 
 
Mitigations intended to minimize the effects of Project activities on the ‘conflict with fishing gear’ 
component of the Commercial Fisheries VEC are described below. 
 
Avoidance 
 
As discussed above, potential impacts on fishing gear will be mitigated by avoiding known active fixed 
gear fishing areas during the survey.  If gear is deployed in a survey area, the diligence of the FLO, good 
at-sea communications and mapping of current fishing locations have usually proven effective at 
preventing conflicts.  For streamer deployment during transits to and between survey areas, the principal 
mitigation will also be avoidance, based on route selection aimed at deviating around fixed gear fishing 
areas. Since the patterns of fishing vary by month, a final route, taking into account the avoidance of 
active areas, will be chosen shortly before the survey work begins.  As noted above, a route analysis for 
this purpose will be prepared and discussions with fishing interests undertaken before the transits.  
 
In addition to avoidance based on route analysis and selection, the onshore SPOC and the at-sea FLO 
will advise the vessel en route, to ensure fishing gear is avoided. In case avoidance fails, a gear damage 
program will be in place to compensate fishers who lose gear as a result. 
 
Fisheries Liaison Officer 
 
As described above, the on-board fisheries industry FLO will provide a dedicated marine radio contact 
for all fishing vessels near project operations to help identify gear locations, assess potential interactions 
and provide guidance to the Bridge.  This also pertains to the transit from St. John’s. 
 
Single Point of Contact  
 
This has become a standard and effective mitigation for all seismic surveys operating in this sector.  The 
survey will use the firm of Canning & Pitt Associates, Inc. as the survey's SPOC with the fisheries 
industry, as described in the C-NLOPB Guidelines.  In addition, as part of their SPOC role, Canning & 
Pitt Associates, Inc. have provided these services in the Newfoundland and Labrador offshore each year 
since 1997.  They will endeavor to update vessel personnel (e.g., the FLO) about known fishing 
activities in the area, and will relay relevant information from DFO and fishing companies. 
 
Fishing Gear Compensation 
 
In case of accidental damage to fishing gear or vessels, Chevron will implement its fisheries damage 
compensation policy to provide appropriate and timely compensation to any affected fisheries 
participants. The Notices to Shipping, filed by the vessels for surveys and for transits to the sites, will 
also inform fishers that they may contact the SPOC (Canning & Pitt Associates, Inc., toll free at 877-
884-3474), if they believe that they have sustained survey-related gear damage. 
 
Chevron will follow procedures which have been employed successfully in the past.  This includes the 
use of an incident reporting form which meets the requirements of the C-NLOPB Guidelines. 
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Chevron is familiar with programs developed jointly by the fisheries industry and offshore petroleum 
operators (e.g., by the Canadian Association of Petroleum Producers and other Operators) as alternatives 
to claims through the courts or the C-NLOPB, to address all aspects of compensation for attributable 
gear and vessel damage.  These programs include provisions for paying compensation for lost or 
damaged gear, and any additional financial loss, which is demonstrated to be associated with the 
incident.  The programs include mechanisms for claim payments and dispute resolution.  The operator 
will implement similar procedures to settle claims promptly for any loss or damage that may be caused 
by survey operations, including the replacement costs for lost or damaged gear, and any additional 
financial loss that is demonstrated to be associated with the damage, as specified under the 2004 
Guidelines, Appendix 2 (1d).  
  
Chevron will provide the C-NLOPB with details of any compensation that is paid in the event of an 
incident. 
 
Assessment 
 
As indicated in Table 5.6, the proposed Project activities are predicted to have minimal residual effects 
from the perspective of conflict with fishing gear as long as the mitigations discussed above are applied 
during the program.  The predicted magnitude, geographic extent and duration of the residual effects of 
the Project activities on fishing gear are negligible to low, <1 to 100 km2, and <1 to 12 months, 
respectively (Table 5.6).  Therefore, the residual effects of the Project activities from the perspective of 
the ‘conflict with fishing gear’ component of the Fisheries VEC are predicted to be not significant 
(Table 5.7). 
 
5.7.5.3 Accidental Spills 
 
In the event of an accidental release of hydrocarbons (e.g., small amounts of streamer flotation fluid), 
there is some possibility of perception of tainting of invertebrate and fish resources in the proximity of a 
release, even if there is no actual tainting of resources.  The perception alone can have economic effects 
in that the invertebrates and fish lose marketability.  Preventative measures/protocols and prepared 
response plans are essential to minimize the effects of any accidental event.   
 
Mitigations 
 
Mitigations intended to minimize the effects of Project-related accidental events on the ‘product quality’ 
component of the Commercial Fisheries VEC include: 
 

 Preventative protocols; 
 Rapid response plans; and 
 Good communications/public relations. 

 
Under certain circumstances, small amounts of hydrocarbons at the surface can be dispersed by prop 
wash (see also the following section on the effects on seabirds). 
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Assessment  
 
As indicated in Table 5.6, Project-related accidental events are predicted to have minimal residual 
effects on the actual and/or perceived quality of harvested resources for as long as the mitigations listed 
above are applied.  The predicted magnitude, geographic extent and duration of the residual effects of 
Project-related accidental events on product quality are negligible to low, <1 to 10 km2, and <1 month, 
respectively (Table 5.6). Therefore, the residual effects of Project-related accidental events on the 
‘product quality’ component of the Commercial Fisheries VEC are predicted to be not significant (Table 
5.7). 
 
5.7.5.4 DFO and Industry Research Surveys 
 
Since these research surveys use fishing methods, the issues related to potential interference with DFO 
and industry research surveys are essentially the same as for commercial fish harvesting (i.e., potential 
effects on catch rates and potential conflicts with gear).  Therefore, many of the mitigations already 
discussed will also apply to research surveys. 
 
In any particular year, it will be necessary to obtain more specific spatial and temporal information as it 
becomes available.  This information will be acquired from DFO and fishing groups by Chevron and 
forwarded to the seismic contractors.  It is accepted that the best means to prevent conflict between the 
seismic and research surveys is the exchange of information between the groups involved in the surveys.  
This conflict avoidance includes the provision of an adequate spatial and temporal buffer between 
seismic surveying and research vessel surveying to ensure that the fish distributions being investigated 
are not affected by airgun sound at the time of the survey.  Specifically, the protocol to avoid effects on 
the research work includes a 30 km (16 n.mi.) separation between the seismic survey and research survey 
set locations at least seven days prior to commencement of the research survey.  As discussed above, any 
research survey taking place in the vicinity of the proposed project surveys will need to be monitored 
and avoided by the vessel.  
 
Given the application of the mitigation measures mentioned above, the predicted magnitude, geographic 
extent and duration of the residual effects of Project-related activities on the integrity of research vessel 
surveys are negligible to low, 11 to 100 km2, and <1 month, respectively (Table 5.6).  Therefore, the 
residual effects of Project-related activities on the research vessel survey component of the Commercial 
Fisheries VEC are predicted to be not significant (Table 5.7). 
 
5.7.6 Marine Birds VEC 
 
There are three main potential types of impacts to seabirds from offshore seismic exploration: (1) 
underwater sound from airgun arrays, (2) leakage of petroleum product from streamers, and (3) 
attraction to ship lights at night.  Potential interactions between the Project and seabirds are shown in 
Table 5.8.   
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Table 5.8 Potential interactions between the Project and Seabird VEC.   
 

Project Activities Valued Ecosystem Component:  Seabirds 

Vessel Lights X 

Sanitary/Domestic Waste X 

Air Emissions X 

Garbage a  

Sound  

   Airgun Array X 

   Seismic Vessel X 

   Supply Vessel X 

   Picket Vessel X 

   Geohazard Vessel X 

   Helicopter b X 

   Echosounder X 

   Side Scan Sonar X 

   Boomer X 

Presence of Vessels  

  Seismic Vessel X 

  Supply Vessel X 

  Picket Vessel X 

 Geohazard Vessel X 

Helicopters b X 

Shore Facilities c  

Accidental Spills X 

OTHER PROJECTS AND ACTIVITIES 

Oil And Gas Activities on Labrador Shelf X 

Oil And Gas Activities on Grand Banks X 

Fisheries X 

Marine Transportation X 
a Not applicable as garbage will be brought ashore. 
b A crew change may occur via helicopter if the seismic program is longer than 5 to 6 weeks. 
c There will not be any new onshore facilities.  Existing infrastructure will be used. 

 
5.7.6.1 Vessel Lights 
 
Seabirds can be attracted to lights at night.  This includes lights at coastal lighthouses and vessels at sea 
(Montevecchi et al. 1999).  Lights are used in parts of the world to capture seabirds at night for food.  
Seabirds as well as migrating landbirds have been attracted to lights on offshore oil and gas platforms, 
especially during foggy or overcast conditions (Montevecchi 2006).  Leach’s Storm-Petrel is the seabird 
most often attracted to lights at night in Newfoundland and Labrador waters.  Several studies of bird 
attraction to offshore oil structures have been conducted (Husky 2000, 2001).  The birds may become 
injured by flying directly into the source of light or the ship infrastructure.  Storm-Petrels have trouble 
becoming airborne from a solid, flat surface often resulting in becoming stranded.  
 
Small colonies of nesting Leach's Storm-Petrels occur in Newfoundland not too distant from the Study 
Area (Table 4.8, Figure 4.31) and small numbers of storm-petrels forage offshore.  Leach’s Storm-
Petrels are present in Labrador waters from April to October.  The period of greatest risk of attraction to 
offshore lights is thought to be September when adults and newly fledged chicks are dispersing from 
nesting colonies and moving to offshore wintering grounds (Williams and Chardine n.d.).  Young-of-
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the-year birds appear to be more susceptible to light attraction than are adults, but the extent of storm-
petrel susceptibility is unclear.  There are reports of Leach’s Storm-Petrel and other birds stranding on 
previous seismic and controlled source electromagnetic surveys in Newfoundland waters (Moulton et al. 
2005, 2006b; Lang et al. 2006; Lang and Moulton 2008; Abgrall et al. 2008a).  Storm-petrels have been 
also reported to land on drill rigs in Newfoundland waters during summer Terra Nova drill rigs during 
summer (e.g., 52 birds in three weeks on the Terra Nova drill rig; U. Williams, Petro-Canada, pers. comm.).  
A review of the issue is contained in the White Rose EA and Supplement, which is based on the Terra Nova 
EIS, Montevecchi et al. (1999), Thomson et al. (2000), and others.   
 
Mitigation measures to rescue stranded storm-petrels on board the seismic vessel will be the 
responsibility of the MMO.  Procedures developed by the CWS and Petro-Canada (now Suncor) will be 
used to handle the birds and gently release them (Williams and Chardine, n.d.).  Other vessels, while 
working on the project should be made aware of the potential problem of storm-petrels stranding on 
their vessels.  Each vessel should have a copy of the manual developed by CWS and Suncor on proper 
procedure and handling of stranded storm-petrel (Williams and Chardine, n.d.).  CCR acknowledges that 
a CWS Bird Handling Permit will be required.  Project personnel will also be made aware of bird 
attraction to the lights on offshore structures.  Deck lighting can be minimized (if it is safe and practical 
to do so) to reduce the likelihood of stranding.  A report documenting each stranded bird including the 
date, global position and the general condition of the feathers when found, and if releasable, the 
condition upon release, will be completed and delivered to the CWS by the end of the calendar year.  
Mitigation and monitoring for stranded birds will reduce any effects of attraction to lights to a low to 
medium magnitude, over a geographic extent of 1-10 km2, and for a duration of 1-12 months (Table 5.9).  
Thus, effects are predicted to be not significant (Table 5.10).   
 
5.7.6.2 Sanitary/Domestic Waste 
 
Sanitary waste generated by the vessels will be macerated before subsurface discharge.  While it is 
possible that seabirds (mostly gulls) may be attracted to the sewage particles, the small amount 
discharged below surface over a limited period of time will be unlikely to increase the far-offshore gull 
populations.  Thus, any increase in gull predation on Leach’s Storm-Petrels, as suggested by Wiese and 
Montevecchi (1999), is likely to be minimal.  If this event occurs, the number of smaller seabirds 
involved will likely be low and effects will be low within an approximate 10 km2 area for the duration of 
a year’s seismic program (Table 5.9).  Thus, effects are predicted to be not significant (Table 5.10).   
 
Since it is unlikely that these discharges will lead to an overall increase in gull populations, any increase 
in gull predation at the site is likely to be accompanied by decreases elsewhere. 
 
5.7.6.3 Air Emissions 
 
Although atmospheric emissions could, in theory, affect the health of some resident marine seabirds, the 
effects will be negligible, because emissions of potentially harmful materials will be small and they will 
rapidly disperse to undetectable levels due to their volatility, temperature of emission and the exposed 
and often windy nature of the offshore.   
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Table 5.9 Assessment of effects on the Seabird VEC.  
 

Valued Ecosystem Component: Seabirds 

Evaluation Criteria for Assessing Environmental Effects 

Project Activity 
Potential Positive (P) 

or Negative (N) 
Environmental Effect 

Mitigation 
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Vessel Lights Attraction (N) 
Reduce 
lighting (if 
possible) 

1-2 2 2-3 1-2 R 1 

Sanitary/Domestic Waste Increased Food (N/P)  0 1 1 1-2 R 1 

Air Emissions  Air Contaminants (N)  0 2 6 1-2 R 1 

Sound         

  Airgun Array Disturbance (N)  0 2 1 1-2 R 1 

  Airgun Array Physical Effects (N) Ramp-up 0-1 1 1 1-2 R 1 

  Seismic Vessel Disturbance (N)  0-1 1 1 1-2 R 1 

  Supply Vessel Disturbance (N)  0 1 1 1-2 R 1 

  Picket Vessel Disturbance (N)  0 1 1 1-2 R 1 

  Geohazard Vessel Disturbance (N)  0 1 1 1-2 R 1 

  Helicopter a Disturbance (N)  0-1 2 1 1-2 R 1 

  Echosounder Disturbance (N)  0-1 2 1 1-2 R 1 

  Side Scan Sonar Disturbance (N)  0-1 1 1 1-2 R 1 

  Boomer Disturbance (N)  0-1 1 1 1-2 R 1 

Presence of Vessels         

  Seismic Vessel Disturbance (N)  0 2 1 1-2 R 1 

  Supply Vessel Disturbance (N)  0 2 1 1-2 R 1 

  Picket Vessel Disturbance (N)  0 2 1 1-2 R 1 

Geohazard Vessel Disturbance (N)  0 2 1 1-2 R 1 

Helicopter a Disturbance (N) 
Maintain high 
Altitude 

0-1 2 1 1-2 R 1 

Accidental Spills Mortality (N) 

Solid 
streamerb; 
Spill 
Response 

1-2 1-3 1 1-2 R 1 

Key: 
Magnitude: Frequency: Reversibility: Duration: 
0 =  Negligible,  1 =  <11 events/yr R =  Reversible 1 = <1 month 
 (essentially no effect) 2 = 11-50 events/yr I = Irreversible 2 = 1-12 months  
1 = Low 3 = 51-100 events/yr (refers to population) 3 = 13-36 months 
2 = Medium 4 = 101-200 events/yr   4 = 37-72 months 
3 = High 5 = >200 events/yr  5 = >72 months 
  6 = continuous 
Geographic Extent: Ecological/Socio-cultural and Economic Context: 
1 = < 1 km2 1 = Relatively pristine area or area not affected by human activity 
2 = 1-10 km2 2 = Evidence of existing effects 
3 = 11-100 km2  
4 = 101-1,000 km2                a A crew change may occur via helicopter if the seismic program is longer than 5 to 6 weeks. 
5 = 1,001-10,000 km2         b Solid or Isopar filled streamers may be used during the survey, depending on the seismic contractor. 
6 = >10,000 km2   
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Table 5.10 Significance of potential residual environmental effects of the Project on the Seabird 
VEC. 

 
Valued Ecosystem Component: Seabirds 
Significance 

Rating 
Level of Confidence Likelihood (Significant Effect Only) 

Project Activity 
Significance of Predicted Residual 

Environmental Effects 
Probability of 
Occurrence 

Scientific 
Certainty 

Vessel Presence/Lights NS 3 - - 
Sanitary/Domestic Wastes NS 3 - - 
Air Emissions NS 3 - - 
Sound 
  Array – physical effects NS 3 - - 
  Array – behavioural effects NS 3 - - 
  Seismic Vessel NS 3 - - 
  Supply Vessel NS 3 - - 
  Picket Vessel NS 3 - - 
  Geohazard Vessel NS 3 - - 
  Helicopter  NS 3 - - 
  Echosounder NS 3 - - 
  Side Scan Sonar NS 3 - - 
  Boomer NS 3 - - 
Presence of Vessels     
  Seismic Vessel and Streamer NS 3 - - 
  Supply Vessel NS 3 - - 
  Picket Vessel NS 3 - - 
  Geohazard Vessel NS 3 - - 
Helicopters NS 3 - - 
Accidental Spills NS 2 - - 
Key: 
Residual environmental Effect Rating: Probability of Occurrence:  based on professional judgment: 
S = Significant Negative Environmental Effect 1 = Low Probability of Occurrence 
NS = Not-significant Negative Environmental  2 = Medium Probability of Occurrence 
  Effect 3 = High Probability of Occurrence 
P = Positive Environmental Effect Scientific Certainty: based on scientific information and statistical  
Significance is defined as a medium or high analysis or  professional judgment: 
magnitude  (2 or 3 rating) and duration greater 1 = Low Level of Confidence 
than 1 year (3 or greater rating) and  geographic 2 = Medium Level of Confidence 
extent >100 km2 (4 or greater rating). 3 = High Level of Confidence 
    
Level of Confidence: based on professional judgment:      
1 = Low Level of Confidence   
2 = Medium Level of Confidence   
3 = High Level of Confidence    

 
5.7.6.4 Sound 
 
The effects of underwater sound on birds have not been well studied.  A study on the effects of 
underwater seismic surveys on moulting Long-tailed Ducks (Clangula hyemalis) in the Beaufort Sea 
showed little effect on the movement or diving behaviour (Lacroix et al. 2003).  The study did not 
monitor potential physical effects on the ducks.  The authors suggested caution in interpretation of the 
data because they were limited in their ability to detect subtle disturbance effects and recommended 
studies on other species to fully understand the effects of seismic testing.   
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Most species of seabirds that are expected to occur in the Study Area feed at the surface or at less than 
one metre below the surface of the ocean (Table 4.10).  Northern Gannet plunge dives to a depth of 
10 m.  They are under the surface for a few seconds during each dive so would have minimal exposure 
to underwater sound.  Greater Shearwater, Sooty Shearwater, and Manx Shearwater feed mainly at the 
surface but also chase prey briefly beneath the surface down to a distance of two to ten metres below the 
surface (Brown et al. 1978; Brown et al. 1981).   
 
The Alcidae are one group of birds that spends considerable time under water at various depths to hunt 
for food at considerable depths and require a significant length of time to secure food (Table 4.10).  This 
group includes Dovekie, Common Murre, Thick-billed Murre, Razorbill and Atlantic Puffin.  From a 
resting position on the water, they dive under the surface in search of small fish and invertebrates.  
Alcids use their wings to propel their bodies rapidly through the water.  All are capable of reaching 
considerable depths and spending considerable time under water (Gaston and Jones 1998).  An average 
duration of dive times for the five species of Alcidae is 25 to 40 seconds reaching an average depth of 20 
to 60 m, but murres are capable of diving to 120 m and have been recorded underwater for up to 202 
seconds (Gaston and Jones 1998).   
 
The sound created by airguns is focused downward below the surface of the water.  Above the water, the 
sound is greatly reduced and should have little or no effect on birds that have their heads above water or 
are in flight.  It is possible birds on the water at close range would be startled by the sound, however, the 
presence of the ship and associated gear dragging in the water should have already warned the bird of 
unnatural visual and auditory stimuli.   
 
The effects of underwater sounds on Alcidae are unknown.  Sounds are probably not important to 
Alcidae in securing food.  However, all six species are quite vocal at breeding sites indicating auditory 
capabilities are important in that part of their life cycle.  The ‘laughing call’ of the Thick-billed Murre is 
shown to cover a frequency range of 1.0 to 4.0 kHz (Gaston and Jones 1998).  While supporting data on 
actual effects are few, it is predicted that there will be no significant effects (Table 5.10) on seabirds 
from the sound because the magnitude of the effect (if it occurs) will be low, the geographic extent will 
be small (probably < 1 km²), and duration will be <3 months (Table 5.9).   
 
Birds could be affected by underwater sound if they dive within a few metres of the airguns towed by an 
operating seismic vessel.  Birds are likely to be disturbed by the close proximity of the vessel and move 
away from the immediate area of the vessel and the airguns, so are not likely to dive near the airguns.  
Overall, acoustic effects on marine birds caused by the presence of seismic vessel, support vessels, 
fishing vessels and helicopters would likely be negligible and certainly not significant (Tables 5.9 and 
5.10). 
 
5.7.6.5 Presence of Vessels 
 
The seismic vessel, picket vessel and supply boats could potentially affect birds through discharges, 
lights, noise and physical presence of the structures.  The potential effects of discharges, lights and noise 
from vessels have been discussed in previous sections.  Potential effects related to physical presence of 
structures are likely minimal. Seabird may be attracted to the seismic, picket or supply vessel 
prospecting for fish wastes associated with fishing vessels.  Since there is little or no food made 
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available by these vessels seabird have a short term interest in the vessels and soon go elsewhere in 
search of food.  Seabirds sitting on the water in the path of these vessels can move out of the way.  The 
physical presence of the vessels will have a negligible effect that is not significant on seabirds (Tables 
5.9 and 5.10).   
 
5.7.6.6 Helicopters 
 
Personnel may be transported to and from the seismic vessel via helicopters (twin-engine aircraft) with 
flights occurring at about six week intervals.   Potential effects of helicopters on the marine environment 
are mainly related to noise (see a review of the effects of noise on seabirds above).  The effect of 
helicopters on seabirds is expected to be negligible and not significant (Tables 5.9 and 5.10). 
 
5.7.6.7 Accidental Spills 
 
Depending on the seismic contractor, the streamers may be solid-filled or contain a paraffinic 
hydrocarbon called Isopar.  The precise effects of Isopar on birds are not known.  However, petroleum 
products have detrimental effects on the insulating attributes of seabird’s feathers.  Isopar is a kerosene-
like product that leaves a relatively thin slick on the surface of water.  It disperses and evaporates 
readily.  Typical fluid-filled streamers are constructed of self-contained units 100 m in length.  
Therefore, a single leak in a streamer could result in a maximum loss 208 litres of Isopar M.   
 
Birds that spend most of their lives on the surface of the water, such as the murres, Atlantic Puffins and 
Dovekies, would be the most likely species to suffer negative effects from an Isopar slick.  
Procellariiformes (Northern Fulmar, the shearwaters and storm-petrels) are attracted to slicks but would 
not likely confuse it with a natural oceanic slick comprised of zooplankton or offal.  Procellariiformes 
have the largest olfactory bulbs of birds (Bangs 1966 in Nevitt 2008).  Recent research has shown that at 
least some Procellariiformes are probably tracking down the scent of a gas known as dimethylsulfide 
emitted by the breakdown of marine algae when the microscopic animals, krill, and other crustaceans 
graze on the algae (Nevitt 2008).  The seabirds prey upon the crustaceans.  However, flocks of seabirds 
resting on the water would not necessarily get out of the water if they drifted into an Isopar slick.   
 
An exposure to a surface slick of a kerosene-like substance under calm conditions may harm or kill 
individual birds.  However, because potential spills will likely be small and evaporation and dispersion 
rapid, the magnitude, and geographic extent of any spills is not expected to cause significant effects on 
seabird populations and therefore any effects will be not significant (Table 5.10).   
 
Waters off the southeast coast of Newfoundland are a major junction for international marine traffic 
destined for Canadian and U.S. ports.  Analyses of the oil involved in bird strandings show that wastes 
are composed of mixtures of bunker C and marine diesel, indicating origins in the engine room bilges of 
ocean-going ships (Lock and Deneault 2000).  The illegal discharge of oily bilge water off the southeast 
coast of Newfoundland is a chronic problem (Weise and Ryan 1999).  Vessels chartered by CCR will 
not engage in the illegal discharge of oily bilge water. 
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5.7.7 Marine Mammals and Sea Turtles VEC 
 
The potential effects of marine seismic activities on marine mammals and sea turtles have recently been 
reviewed for several 3-D seismic projects in the Jeanne d’Arc Basin on the Grand Banks (e.g., LGL 
2005b—Section 6.5.12; LGL 2007a—Section 5.6.6; LGL 2008—Section 5.6.4), the Labrador Shelf 
SEA as well as in several other reviews (e.g., Richardson et al. 1995; Gordon et al. 2004; Stone and 
Tasker 2006; Southall et al. 2007; Abgrall et al. 2008b).  The following review is based largely on these 
documents with new and relevant literature included. 
 
5.7.7.1 Effects of Seismic Sound and Geohazard Equipment  
 
Airgun arrays used during marine seismic operations introduce strong sound impulses into the water.  
These sound impulses could have several types of effects on marine mammals and are the main issue 
associated with the proposed seismic survey.  The effects of human-generated noise on marine mammals 
are quite variable and depend on the species involved, the activity of the animal when exposed to the 
noise, and the distance of the animal from the sound source. 
 
The potential effects of sound from airgun arrays on marine mammals and sea turtles are the principal 
concerns associated with seismic programs.  Sounds from geohazard equipment are of less concern 
given their relatively lower source levels, emission in a narrow beam, short duration of the geohazard 
program, and that some equipment operates at frequencies outside the range of marine mammal and sea 
turtle hearing abilities.  There is relatively little information available for the responses of marine 
mammals and sea turtles to the low level sonar sounds that would be produced during a geohazard 
survey.  Sounds from the geohazard equipment are typically very short pulses, one to four times every 
second. 
 
To assess the potential effects of the proposed seismic survey on marine mammals and sea turtles in the 
Labrador Sea area, this section reviews: (A) the hearing abilities of marine mammals and sea turtles, (B) 
the potential for masking by seismic surveys, (C) disturbance effects of seismic surveys, (D) the 
possibility of hearing impairment by seismic surveys, and (E) the possibility of physical and non-
auditory physiological effects.   
 
5.7.7.2 Categories of Noise Effects 
 
The effects of noise on marine mammals are highly variable, and can be categorized as follows (adapted 
from Richardson et al. 1995): 
 

1. The noise may be too weak to be heard at the location of the animal, i.e., lower than the pre-
vailing ambient noise level, the hearing threshold of the animal at relevant frequencies, or 
both; 

2. The noise may be audible but not strong enough to elicit any overt behavioural response, i.e., 
the mammals may tolerate it, either without or with some deleterious effects (e.g., masking, 
stress); 
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3. The noise may elicit behavioural reactions of variable conspicuousness and variable 
relevance to the well being of the animal; these can range from subtle effects on respiration 
or other behaviours (detectable only by statistical analysis) to active avoidance reactions; 

4. Upon repeated exposure, animals may exhibit diminishing responsiveness (habituation), or 
disturbance effects may persist; the latter is most likely with sounds that are highly variable 
in characteristics, unpredictable in occurrence, and associated with situations that the animal 
perceives as a threat; 

5. Any anthropogenic noise that is strong enough to be heard has the potential to reduce (mask) 
the ability of marine mammals to hear natural sounds at similar frequencies, including calls 
from conspecifics, echolocation sounds of odontocetes, and environmental sounds such as 
surf noise or (at high latitudes) ice noise.  However, intermittent airgun or sonar pulses could 
cause masking for only a small proportion of the time, given the short duration of these 
pulses relative to the inter-pulse intervals; and 

6. Very strong sounds have the potential to cause temporary or permanent reduction in hearing 
sensitivity, or other physical or physiological effects.  Received sound levels must far exceed 
the animal’s hearing threshold for any temporary threshold shift to occur.  Received levels 
must be even higher for a risk of permanent hearing impairment. 

 
(A) Hearing Abilities of Marine Mammals and Sea Turtles 
 
Marine mammals rely heavily on the use of underwater sounds to communicate and gain information 
about their environment.  Experiments and monitoring studies also show that they hear and may react to 
man-made sounds including those made during seismic exploration (Richardson et al. 1995; Gordon et 
al. 2004; Nowacek et al. 2007; Tyack 2008). 
 
Toothed Whales 
 
The small to moderate-sized toothed whales whose hearing has been studied have relatively poor 
hearing sensitivity at frequencies below 1 kHz, but extremely good sensitivity at, and above, several 
kHz.  Most of the odontocete species have been classified as having functional hearing from about 150 
Hz to 160 kHz (Southall et al. 2007).  There are very few data on the absolute hearing thresholds of most 
of the larger, deep-diving toothed whales, such as the sperm and beaked whales.  However, Cook et al. 
(2006) report that a stranded Gervais’ beaked whale showed evoked potentials from 5 to 80 kHz, with 
best sensitivity at 80 kHz.  In another study, Finneran et al. (2009) found that an adult Gervais’ beaked 
whale had a similar upper cutoff of 80 to 90 kHz.  Porpoises have higher functional hearing from about 
200 Hz to 180 kHz (Southall et al. 2007). 
 
Airguns produce a small proportion of their sound at mid- and high-frequencies, although at 
progressively lower levels with increasing frequency.  In general, most of the energy in the sound pulses 
emitted by airgun arrays is at low frequencies.  Despite the relatively poor sensitivity of small 
odontocetes at the low frequencies that contribute most of the energy in seismic sound pulses, airgun 
sounds are sufficiently strong and contain sufficient mid- and high-frequency energy that their received 
levels sometimes remain above the hearing thresholds of odontocetes at distances out to several tens of 
kilometres (Richardson and Würsig 1997).  There is no evidence that small odontocetes react to airgun 
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pulses at such long distances.  However, beluga whales do seem quite responsive at intermediate 
distances (10 to 20 km) where sound levels are well above the ambient noise level (see below). 
 
Boomers operated from geohazard vessels typically emit pulsed sounds with frequency bandwidth from 
500 Hz to 6 kHz.  That frequency is within the hearing range of many odontocetes.  Side scan sonars 
often emit pulsed sounds at dual frequencies of 100 kHz and 398 kHz.  The 100 kHz channel can likely 
be heard by some odontocetes.  Multibeam echosounders operate typically at frequencies of 240 kHz 
although frequencies of 10 to 15 kHz may be used in waters greater than 1,000 m deep.  Thus, sound 
pulses from boomers and sidescan sonars will be readily audible to these animals when they are within 
the narrow angular extent of the transmitted sound beam.  However, the multibeam echosounder 
frequencies (240 kHz) are likely too high to be detected by odontocetes. 
 
Baleen Whales  
 
The hearing abilities of baleen whales have not been studied directly.  Behavioural and anatomical 
evidence indicates that they hear well at frequencies below 1 kHz (Richardson et al. 1995; Ketten 2000).  
In addition, baleen whales produce sounds at frequencies up to 8 kHz and, for humpback whales, with 
components >24 kHz (Au et al. 2006).  The anatomy of the baleen whale inner ear seems to be well 
adapted for detection of low-frequency sounds (Ketten 1991, 1992, 1994, 2000; Parks et al. 2007b).  
Although humpbacks and minke whales may have some auditory sensitivity to frequencies above 22 
kHz (Berta et al. 2009), for baleen whales as a group, the functional hearing range is thought to be about 
7 Hz to 22 kHz (Southall et al. 2007). 
 
The hearing systems of baleen whales are undoubtedly more sensitive to low-frequency sounds than are 
the ears of the small toothed whales that have been studied directly.  Thus, baleen whales are likely to 
hear airgun pulses farther away than can small toothed whales and, at closer distances, airgun sounds 
may seem more prominent to baleen than toothed whales.   
 
Sound pulses from boomers operated from a geohazard vessel will likely be readily audible to baleen 
whales.  However, the multibeam echosounder and side scan sonar operate at frequencies that are likely 
too high to be detected by baleen whales. 
 
Pinnipeds 
 
Underwater audiograms have been obtained using behavioural methods for three species of phocid seals, 
two species of monachid seals, two species of otariids, and the walrus (reviewed in Richardson et al. 
1995: 211ff; Kastak and Schusterman 1998, 1999; Kastelein et al. 2002, 2009).  The functional hearing 
range for pinnipeds in water is considered to extend from 75 Hz to 75 kHz (Southall et al. 2007).  
Compared to odontocetes, pinnipeds tend to have lower best frequencies, lower high-frequency cutoffs, 
better auditory sensitivity at low frequencies, and poorer sensitivity at the best frequency. 
 
At least some of the phocid seals have better sensitivity at low frequencies (≤1 kHz) than do 
odontocetes.  Below 30 to 50 kHz, the hearing threshold of most species tested are essentially flat down 
to about 1 kHz, and ranges between 60 and 85 dB re 1 µPa.  Measurements for harbour seals indicate 
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that, below 1 kHz, their thresholds under quiet background conditions deteriorate gradually to ~75 dB re 
1 µPa at 125 Hz (Kastelein et al. 2009). 
 
Sound pulses from the airgun arrays and from a boomer operated from a geohazard vessel will likely be 
readily audible to phocids.  However, the multibeam echosounder and side scan sonar operate at 
frequencies that are likely too high to be detected by phocids. 
 
Polar Bears 
 
Data on the specific hearing capabilities of polar bears are limited.  A recent study of the in-air hearing 
of polar bears suggested that medium and some high frequency sounds may be audible to polar bears 
(Natchigal et al. 2007). 
 
Sea Turtles 
 
There are limited available data on sea turtle hearing capabilities, but it appears that sea turtles are low-
frequency specialists with a hearing range extending from 50 to 1600 Hz for the species that have been 
tested (i.e., green, loggerhead, and Kemp’s ridley sea turtles).  Hearing in sea turtles occurs through a 
combination of bone and water conduction rather than air conduction, with best hearing sensitivity 
ranging in frequencies from ~200 to 700 Hz (Ketten and Moein Bartol 2006).  Thus, the available 
information suggests that there is substantial overlap in the frequencies that sea turtles can hear and the 
dominant frequencies of airgun pulses.  It is likely sea turtles can hear sounds from a boomer but 
unlikely that they can hear a side scan sonar or echosounder. 
 
(B) Masking Effects of Airgun Sounds 
 
Masking is the obscuring of sounds of interest by interfering sounds, generally at similar frequencies 
(Richardson et al. 1995).  Introduced underwater sound will, through masking, reduce the effective 
communication distance of a marine mammal species if the frequency of the source is close to that used 
as a signal by the marine mammal, and if the anthropogenic sound is present for a significant fraction of 
the time (Richardson et al. 1995).  If little or no overlap occurs between the introduced sound and the 
frequencies used by the species, communication is not expected to be disrupted.  Also, if the introduced 
sound is present only infrequently, communication is not expected to be disrupted much, if at all.  The 
duty cycle of airguns is low; the airgun sounds are pulsed, with relatively quiet periods between pulses.  
In most situations, strong airgun sound will only be received for a brief period (<1 s or much less), with 
these sound pulses being separated by at least several seconds of relative silence, and longer in the case 
of deep-penetration surveys or refraction surveys.  A single airgun array might cause appreciable 
masking in only one situation:  When propagation conditions are such that sound from each airgun pulse 
reverberates strongly and persists for much or the entire interval up to the next airgun pulse (e.g., Simard 
et al. 2005; Clark and Gagnon 2006).  Situations with prolonged strong reverberation are infrequent, in 
our experience.  However, it is common for reverberation to cause some lesser degree of elevation of the 
background level between airgun pulses (e.g., Guerra et al. 2009), and this weaker reverberation 
presumably reduces the detection range of calls and other natural sounds to some degree. 
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Although masking effects of pulsed sounds on marine mammal calls and other natural sounds are 
expected to be limited, there are few specific studies on this.  Some whales continue calling in the 
presence of seismic pulses and whale calls often can be heard between the seismic pulses (e.g., 
Richardson et al. 1986; McDonald et al. 1995; Greene et al. 1999a,b; Nieukirk et al. 2004; Smultea et al. 
2004; Holst et al. 2005a,b, 2006; Dunn et al. 2009).  However, there is one recent summary report 
indicating that calling fin whales distributed in one part of the N Atlantic went silent for an extended 
period starting soon after the onset of a seismic survey in the area (Clark and Gagnon 2006).  It is not 
clear from that preliminary paper whether the whales ceased calling because of masking, or whether this 
was a behavioural response not directly involving masking.  Also bowhead whales in the Beaufort Sea 
may decrease their call rates in response to seismic operations, although movement out of the area might 
also have contributed to the lower call detection rate (Blackwell et al. 2009a,b).  In contrast, Di Iorio and 
Clark (2009) found evidence of increased calling by blue whales during operations by a lower-energy 
seismic source—a sparker. 
 
Among the odontocetes, there has been one report that sperm whales ceased calling when exposed to 
pulses from a very distant seismic ship (Bowles et al. 1994).  However, more recent studies of sperm 
whales found that they continued calling in the presence of seismic pulses (Madsen et al. 2002; Tyack et 
al. 2003; Smultea et al. 2004; Holst et al. 2006; Jochens et al. 2008).  Madsen et al. (2006) noted that air-
gun sounds would not be expected to mask sperm whale calls given the intermittent nature of airgun 
pulses.  Dolphins and porpoises are also commonly heard calling while airguns are operating (Gordon et 
al. 2004; Smultea et al. 2004; Holst et al. 2005a,b; Potter et al. 2007).  Masking effects of seismic pulses 
are expected to be negligible in the case of the smaller odontocetes, given the intermittent nature of 
seismic pulses plus the fact that sounds important to them are predominantly at much higher frequencies 
than are the dominant components of airgun sounds.   
 
Pinnipeds have best hearing sensitivity and/or produce most of their sounds at frequencies higher than 
the dominant components of airgun sound, but there is some overlap in the frequencies of the airgun 
pulses and the calls.  However, the intermittent nature of airgun pulses presumably reduces the potential 
for masking.   
 
A few cetaceans are known to increase the source levels of their calls in the presence of elevated sound 
levels, or to shift their peak frequencies in response to strong sound signals, or otherwise modify their 
vocal behaviour in response to increased noise (Dahlheim 1987; Au 1993; reviewed in Richardson et al. 
1995:233ff, 364ff; Lesage et al. 1999; Terhune 1999; Nieukirk et al. 2005; Scheifele et al. 2005; Parks et 
al. 2007a, Di Iorio and Clark 2009; Hanser et al. 2009).  It is not known how often these types of 
responses occur upon exposure to airgun sounds.  However, blue whales in the St. Lawrence Estuary 
significantly increased their call rates during sparker operations (Di Iorio and Clark 2009).  The sparker, 
used to obtain seismic reflection data, emitted frequencies of 30 to 450 Hz with a source level of 193 dB 
re 1 µPapk-pk.  If cetaceans exposed to airgun sounds sometimes respond by changing their vocal 
behaviour, this adaptation, along with directional hearing and preadaptation to tolerate some masking by 
natural sounds (Richardson et al. 1995), would all reduce the importance of masking by seismic pulses. 
 
It has been suggested (Eckert 2000) that sea turtles use passive reception of acoustic signals to detect the 
hunting sonar of killer whales; however, the echolocation calls of killer whales are at frequencies that 
are probably too high for sea turtles to detect.  Hearing may play a role in sea turtle navigation. 
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However, recent studies suggest that visual, wave, and magnetic cues are the main navigational cues 
used by sea turtles, at least by hatchlings and juveniles (Lohmann et al. 1997, 2001; Lohmann and 
Lohmann 1998).  Therefore, masking is probably not relevant to sea turtles.  Even if acoustic signals 
were important to sea turtles, their hearing is best at frequencies slightly higher (250 to 700 Hz) than 
frequencies where most airgun sounds are produced (<200 Hz), although their hearing extends down to 
the airgun frequencies.  If sea turtles do rely on acoustical cues from the environment, the wide spacing 
between seismic (and sonar) pulses would permit them to receive these cues, even in the presence of 
seismic activities. 
Thus, masking is unlikely to be a significant issue for either marine mammals or sea turtles exposed to 
the pulsed sounds from seismic or geohazard surveys. 
 
(C) Disturbance by Seismic and Geohazard Vessels 
 
Disturbance includes a variety of effects, including subtle to conspicuous changes in behaviour, 
movement, and displacement.  Behavioural reactions of marine mammals to sound are difficult to 
predict in the absence of site- and context-specific data.  Reactions to sound, if any, depend on species, 
state of maturity, experience, current activity, reproductive state, time of day, and many other factors 
(Richardson et al. 1995; Wartzok et al. 2004; Southall et al. 2007; Weilgart 2007).  If a marine mammal 
reacts to an underwater sound by changing its behaviour or moving a small distance, the impacts of the 
change are unlikely to be significant to the individual, let alone the stock or population.  However, if a 
sound source displaces marine mammals from an important feeding or breeding area for a prolonged 
period, impacts on individuals and populations could be significant (e.g., Lusseau and Bejder 2007; 
Weilgart 2007).  Also, various authors have noted that even marine mammals that show no obvious 
avoidance or behavioural changes may still be adversely affected by noise (Brodie 1981; Richardson et 
al. 1995: 317ff; Romano et al. 2004; Weilgart 2007; Wright et al. 2009).  For example, some research 
suggests that animals in poor condition or in an already stressed state may not react as strongly to human 
disturbance as would more robust animals (e.g., Beale and Monaghan 2004). 
 
Recently, a committee of specialists on noise impact issues has proposed new science-based impact 
criteria (Southall et al. 2007).  Available detailed data on reactions of marine mammals to airgun sounds 
(and other anthropogenic sounds) are limited to relatively few species and situations (see Richardson et 
al. 1995; Gordon et al. 2004; Nowacek et al. 2007; Southall et al. 2007).  Detailed studies have been 
done on humpback, grey, bowhead and sperm whales, and on ringed seals.  Less detailed data are 
available for some other species of baleen whales, small toothed whales, and sea turtles, but for many 
species there are no data on responses to marine seismic surveys. 
 
Baleen Whales 
 
Baleen whales generally tend to avoid operating airguns, but avoidance radii are quite variable among 
species, locations, whale activities, oceanographic conditions affecting sound propagation, etc. 
(reviewed in Richardson et al. 1995; Gordon et al. 2004).  Whales are often reported to show no overt 
reactions to pulses from large arrays of airguns at distances beyond a few kilometres, even though the 
airgun pulses remain well above ambient noise levels out to much longer distances.  However, baleen 
whales exposed to strong sound pulses from airguns often react by deviating from their normal 
migration route and/or interrupting their feeding and moving away.  Some of the major studies and 
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reviews on this topic are Malme et al. (1984, 1985, 1988), Richardson et al. (1986, 1995, 1999), 
Ljungblad et al. (1988), Richardson and Malme (1993), McCauley et al. (1998, 2000a,b), Miller et al. 
(1999, 2005), Gordon et al. (2004), Moulton and Miller (2005), Stone and Tasker (2006), Johnson et al. 
(2007), Nowacek et al. (2007), and Weir (2008a).  Although baleen whales often show only slight overt 
responses to operating airgun arrays (Stone and Tasker 2006; Weir 2008a), strong avoidance reactions 
by several species of mysticetes have been observed at ranges up to 6 to 8 km and occasionally as far as 
20 to 30 km from the source vessel when large arrays of airguns were used.  Experiments with a single 
airgun showed that bowhead, humpback and grey whales all showed localized avoidance to a single 
airgun of 20 to 100 in3 (Malme et al. 1984, 1985, 1986, 1988; Richardson et al. 1986; McCauley et al. 
1998, 2000a,b).  
 
Studies of gray, bowhead, and humpback whales have shown that seismic pulses with received levels of 
160 to 170 dB re 1 Parms seem to cause obvious avoidance behaviour in a substantial portion of the 
animals exposed (Richardson et al. 1995).  In many areas, seismic pulses from large arrays of airguns 
diminish to those levels at distances ranging from 4 to 15 km from the source.  More recent studies have 
shown that some species of baleen whales (bowheads and humpbacks in particular) at times show strong 
avoidance at received levels lower than 160 to 170 dB re 1 μParms.  The largest avoidance radii involved 
migrating bowhead whales, which avoided an operating seismic vessel by 20 to 30 km (Miller et al. 
1999; Richardson et al. 1999; see also Manly et al. 2007).  In the cases of migrating bowhead (and grey) 
whales, the observed changes in behaviour appeared to be of little or no biological consequence to the 
animals—they simply avoided the sound source by displacing their migration route to varying degrees, 
but within the natural boundaries of the migration corridors (Malme et al. 1984; Malme and Miles 1985; 
Richardson et al. 1995).  Feeding bowhead whales, in contrast to migrating whales, show much smaller 
avoidance distances (Miller et al. 2005; Harris et al. 2007), presumably because moving away from a 
food concentration has greater cost to the whales than does a course deviation during migration. 
 
The following subsections provide more details on the documented responses of particular species and 
groups of baleen whales to marine seismic operations. 
 
Humpback Whales: Responses of humpback whales to seismic surveys have been studied during 
migration, on the summer feeding grounds, and on Angolan winter breeding grounds; there has also 
been discussion of effects on the Brazilian wintering grounds.  McCauley et al. (1998, 2000a) studied 
the responses of migrating humpback whales off western Australia to a full-scale seismic survey with a 
16 airgun 2678 in3 array, and to a single 20 in3 airgun with a (horizontal) source level of 227 dB re 1 
Pa · mp-p.  They found that the overall distribution of humpbacks migrating through their Study Area 
was unaffected by the full-scale seismic program, although localized displacement varied with pod 
composition, behaviour, and received sound levels.  Observations were made from the seismic vessel, 
from which the maximum viewing distance was listed as 14 km.  Avoidance reactions (course and speed 
changes) began at 4 to 5 km for traveling pods, with the closest point of approach (CPA) being 3 to 4 km 
at an estimated received level of 157 to 164 dB re 1 µParms (McCauley et al. 1998, 2000a).  A greater 
stand-off range of 7 to 12 km was observed for more sensitive resting pods (cow-calf pairs; McCauley et 
al. 1998, 2000a).  The mean received level for initial avoidance of an approaching airgun was 140 dB re 
1 µParms for humpback pods containing females, and at the mean CPA distance the received level was 
143 dB re 1 µParms.  One startle response was reported at 112 dB re 1 µParms.  The initial avoidance 
response generally occurred at distances of 5 to 8 km from the airgun array and 2 km from the single 
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airgun.  However, some individual humpback whales, especially males, approached within distances of 
100 to 400 m, where the maximum received level was 179 dB re 1 Parms.  The McCauley et al. (1998, 
2000a,b) studies show evidence of greater avoidance of seismic airgun sounds by pods with females 
than by other pods during humpback migration off western Australia. 
 
Humpback whales on their summer feeding grounds in southeast Alaska did not exhibit persistent 
avoidance when exposed to seismic pulses from a 1.64 L (100 in3) airgun (Malme et al. 1985).  Some 
humpbacks seemed “startled” at received levels of 150 to 169 dB re 1 Pa.  Malme et al. (1985) 
concluded that there was no clear evidence of avoidance, despite the possibility of subtle effects, at 
received levels up to 172 re 1 Pa on an approximate rms basis.   
 
Among wintering humpback whales off Angola (n = 52 useable groups), there were no significant 
differences in encounter rates (sightings/hr) when a 24 airgun array (3147 in3 or 5085 in3) was operating 
vs. silent (Weir 2008a).  There was also no significant difference in the mean CPA (closest observed 
point of approach) distance of the humpback sightings when airguns were on vs. off (3050 m vs. 2700 
m, respectively).  
 
It has been suggested that S Atlantic humpback whales wintering off Brazil may be displaced or even 
strand upon exposure to seismic surveys (Engel et al. 2004).  The evidence for this was circumstantial 
and subject to alternative explanations (IAGC 2004).  Also, the evidence was not consistent with 
subsequent results from the same area of Brazil (Parente et al. 2006), or with direct studies of 
humpbacks exposed to seismic surveys in other areas and seasons (see above).  After allowance for data 
from subsequent years, there was “no observable direct correlation” between strandings and seismic 
surveys (IWC 2007, p. 236). 
 
Rorquals: Blue, sei, fin, and minke whales (all of which are members of the genus Balaenoptera) often 
have been seen in areas ensonified by airgun pulses (Stone 2003; MacLean and Haley 2004; Stone and 
Tasker 2006), and calls from blue and fin whales have been localized in areas with airgun operations 
(e.g., McDonald et al. 1995; Dunn et al. 2009).  Sightings by observers on seismic vessels during 110 
large-source seismic surveys off the U.K. from 1997 to 2000 suggest that, during times of good 
sightability, sighting rates for mysticetes (mainly fin and sei whales) were similar when large arrays of 
airguns were shooting vs. silent (Stone 2003; Stone and Tasker 2006).  However, these whales tended to 
exhibit localized avoidance, remaining significantly further (on average) from the airgun array during 
seismic operations compared with non-seismic periods (p = 0.0057; Stone and Tasker 2006).  The 
average CPA distances for baleen whales sighted when large airgun arrays were operating vs. silent 
were about 1.6 vs. 1.0 km.  Baleen whales, as a group, were more often oriented away from the vessel 
while a large airgun array was shooting compared with periods of no shooting (p <0.05; Stone and 
Tasker 2006).  In addition, fin/sei whales were less likely to remain submerged during periods of seismic 
shooting (Stone 2003).   
 
In a study off Nova Scotia, Moulton and Miller (2005) found little difference in sighting rates (after 
accounting for water depth) and initial average sighting distances of balaenopterid whales when airguns 
were operating (mean = 1324 m) vs. silent (mean = 1303 m).  However, there were indications that these 
whales were more likely to be moving away when seen during airgun operations.  Baleen whales at the 
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average sighting distance during airgun operations would have been exposed to sound levels (via direct 
path) of about 169 dB re 1 μParms (Moulton and Miller 2005).  Similarly, ship-based monitoring studies 
of blue, fin, sei, and minke whales offshore of Newfoundland (Orphan Basin and Laurentian Sub-basin) 
found no more than small differences in sighting rates and swim directions during seismic vs. non-
seismic periods (Moulton et al. 2005, 2006a,b).  Analyses of CPA data yielded variable results.2  The 
authors of the Newfoundland reports concluded that, based on observations from the seismic vessel, 
some mysticetes exhibited localized avoidance of seismic operations (Moulton et al. 2005, 2006a). 
 
Minke whales have occasionally been observed to approach active airgun arrays where received sound 
levels were estimated to be near 170 to 180 dB re 1 µPa (MacLean and Haley 2004).  
 
Discussion and Conclusions: Baleen whales generally tend to avoid operating airguns, but avoidance 
radii are quite variable.  Whales are often reported to show no overt reactions to airgun pulses at 
distances beyond a few kilometres, even though the airgun pulses remain well above ambient noise 
levels out to much longer distances.  However, studies done since the late 1990s of migrating humpback 
and migrating bowhead whales show reactions, including avoidance, that sometimes extend to greater 
distances than documented earlier.  Avoidance distances often exceed the distances at which boat-based 
observers can see whales, so observations from the source vessel can be biased.  Observations over 
broader areas may be needed to determine the range of potential effects of some large-source seismic 
surveys where effects on cetaceans may extend to considerable distances (Richardson et al. 1999; Bain 
and Williams 2006; Moore and Angliss 2006).  Longer-range observations, when required, can 
sometimes be obtained via systematic aerial surveys or aircraft-based observations of behaviour (e.g., 
Richardson et al. 1986, 1999; Miller et al. 1999, 2005; Yazvenko et al. 2007a,b) or by use of observers 
on one or more scout boats operating in coordination with the seismic vessel (e.g., Smultea et al. 2004; 
Johnson et al. 2007).  However, the presence of other vessels near the source vessel can, at least at times, 
reduce sightability of cetaceans from the source vessel (Beland et al. 2009), thus complicating 
interpretation of sighting data. 
 
Some baleen whales show considerable tolerance of seismic pulses.  However, when the pulses are 
strong enough, avoidance or other behavioural changes become evident.  Because the responses become 
less obvious with diminishing received sound level, it has been difficult to determine the maximum 
distance (or minimum received sound level) at which reactions to seismic become evident and, hence, 
how many whales are affected. 
 
Studies of grey, bowhead, and humpback whales have determined that received levels of pulses in the 
160 to 170 dB re 1 Parms range seem to cause obvious avoidance behaviour in a substantial fraction of 
the animals exposed.  In many areas, seismic pulses diminish to these levels at distances ranging from 4 
to 15 km from the source.  A substantial proportion of the baleen whales within such distances may 
show avoidance or other strong disturbance reactions to the operating airgun array.  However, in other 
situations, various mysticetes tolerate exposure to full-scale airgun arrays operating at even closer 
                                                 
2 The CPA of baleen whales sighted from the seismic vessels was, on average, significantly closer during non-seismic periods 
vs. seismic periods in 2004 in the Orphan Basin (means 1526 m vs. 2316 m, respectively; Moulton et al. 2005).  In contrast, 
mean distances without vs. with seismic did not differ significantly in 2005 in either the Orphan Basin (means 973 m vs. 
832 m, respectively; Moulton et al. 2006a) or in the Laurentian Sub-basin (means 1928 m vs. 1650 m, respectively; Moulton 
et al. 2006b).  In both 2005 studies, mean distances were greater (though not significantly so) without seismic. 



 

distances, with only localized avoidance and minor changes in activities.  At the other extreme, in 
migrating bowhead whales, avoidance often extends to considerably larger distances (20 to 30 km) and 
lower received sound levels (120 to 130 dB re 1 μParms).  Also, even in cases where there is no 
conspicuous avoidance or change in activity upon exposure to sound pulses from distant seismic 
operations, there are sometimes subtle changes in behaviour (e.g., surfacing–respiration–dive cycles) 
that are only evident through detailed statistical analysis (e.g., Richardson et al. 1986; Gailey et al. 
2007). 
 
Mitigation measures for seismic surveys, especially nighttime seismic surveys, typically assume that 
many marine mammals (at least baleen whales) tend to avoid approaching airguns, or the seismic vessel 
itself, before being exposed to levels high enough for there to be any possibility of injury.  This assumes 
that the ramp-up (soft-start) procedure is used when commencing airgun operations, to give whales near 
the vessel the opportunity to move away before they are exposed to sound levels that might be strong 
enough to elicit TTS. As noted above, single-airgun experiments with three species of baleen whales 
show that those species typically do tend to move away when a single airgun starts firing nearby, which 
simulates the onset of a ramp-up. The three species that showed avoidance when exposed to the onset of 
pulses from a single airgun were grey whales (Malme et al. 1984, 1986, 1988); bowhead whales 
(Richardson et al. 1986; Ljungblad et al. 1988); and humpback whales (Malme et al. 1985; McCauley et 
al. 1998, 2000a,b).  Since startup of a single airgun is equivalent to the start of a ramp-up (=soft start), 
this strongly suggests that many baleen whales will begin to move away during the initial stages of a 
ramp-up. 
 
Data on short-term reactions by cetaceans to impulsive noises are not necessarily indicative of long-term 
or biologically significant effects.  It is not known whether impulsive sounds affect reproductive rate or 
distribution and habitat use in subsequent days or years.  However, grey whales have continued to 
migrate annually along the west coast of North America despite intermittent seismic exploration (and 
much ship traffic) in that area for decades (Appendix A in Malme et al. 1984; Richardson et al. 1995), 
and there has been a substantial increase in the population over recent decades (Angliss and Outlaw 
2008).  The W Pacific grey whale population did not seem affected by a seismic survey in its feeding 
ground during a prior year (Johnson et al. 2007).  Similarly, bowhead whales have continued to travel to 
the eastern Beaufort Sea each summer despite seismic exploration in their summer and autumn range for 
many years (Richardson et al. 1987), and their numbers have increased notably (Angliss and Outlaw 
2008).  Bowheads also have been observed over periods of days or weeks in areas ensonified repeatedly 
by seismic pulses (Richardson et al. 1987; Harris et al. 2007).  However, it is generally not known 
whether the same individual bowheads were involved in these repeated observations (within and 
between years) in strongly ensonified areas.  In any event, in the absence of some unusual 
circumstances, the history of coexistence between seismic surveys and baleen whales suggests that brief 
exposures to sound pulses from any single seismic survey are unlikely to result in prolonged effects. 
 
Toothed Whales 
 
Little systematic information is available about reactions of toothed whales to noise pulses.  Few studies 
similar to the more extensive baleen whale/seismic pulse work summarized above have been reported 
for toothed whales.  However, there are recent systematic data on sperm whales (e.g., Gordon et al. 
2006; Madsen et al. 2006; Winsor and Mate 2006; Jochens et al. 2008; Miller et al. 2009).  There is also 
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an increasing amount of information about responses of various odontocetes to seismic surveys based on 
monitoring studies (e.g., Stone 2003; Smultea et al. 2004; Moulton and Miller 2005; Bain and Williams 
2006; Holst et al. 2006; Stone and Tasker 2006; Potter et al. 2007; Hauser et al. 2008; Holst and Smultea 
2008; Weir 2008a; Barkaszi et al. 2009; Richardson et al. 2009).   
 
Delphinids (Dolphins and similar) and Monodontids (Beluga): Seismic operators and marine mammal 
observers on seismic vessels regularly see dolphins and other small toothed whales near operating airgun 
arrays, but in general there is a tendency for most delphinids to show some avoidance of operating 
seismic vessels (e.g., Goold 1996a,b,c; Calambokidis and Osmek 1998; Stone 2003; Moulton and Miller 
2005; Holst et al. 2006; Stone and Tasker 2006; Weir 2008a; Richardson et al. 2009; see also Barkaszi et 
al. 2009).  In most cases, the avoidance radii for delphinids appear to be small, on the order of 1 km or 
less, and some individuals show no apparent avoidance.  Studies that have reported cases of small 
toothed whales close to the operating airguns include Duncan (1985), Arnold (1996), Stone (2003), and 
Holst et al. (2006).  When a 3959 in3, 18 airgun array was firing off California, toothed whales behaved 
in a manner similar to that observed when the airguns were silent (Arnold 1996).  Some dolphins seem 
to be attracted to the seismic vessel and floats, and some ride the bow wave of the seismic vessel even 
when a large array of airguns is firing (e.g., Moulton and Miller 2005).  Nonetheless, small toothed 
whales more often tend to head away, or to maintain a somewhat greater distance from the vessel, when 
a large array of airguns is operating than when it is silent (e.g., Stone and Tasker 2006; Weir 2008a). 
 
Weir (2008b) noted that a group of short-finned pilot whales initially showed an avoidance response to 
ramp-up of a large airgun array, but that this response was limited in time and space.  Although the 
ramp-up procedure is a widely-used mitigation measure, it remains uncertain if it is effective in alerting 
marine mammals and causing them to move away from seismic operations (Weir 2008b). 
 
Goold (1996a,b,c) studied the effects on common dolphins of 2-D seismic surveys in the Irish Sea.  
Passive acoustic surveys were conducted from the “guard ship” that towed a hydrophone.  The results 
indicated that there was a local displacement of dolphins around the seismic operation.  However, obser-
vations indicated that the animals were tolerant of the sounds at distances outside a 1 km radius from the 
airguns (Goold 1996a).  Initial reports of larger-scale displacement were later shown to represent a 
normal autumn migration of dolphins through the area, and were not attributable to seismic surveys 
(Goold 1996a,b,c). 
 
The beluga is a species that (at least at times) shows long-distance avoidance of seismic vessels.  Aerial 
surveys conducted in the southeastern Beaufort Sea in summer found that sighting rates of belugas were 
significantly lower at distances 10 to 20 km compared with 20 to 30 km from an operating airgun array 
(Miller et al. 2005).  The low number of beluga sightings by marine mammal observers on the vessel 
seemed to confirm there was a strong avoidance response to the 2250 in3 airgun array.  More recent seis-
mic monitoring studies in the same area have confirmed that the apparent displacement effect on belugas 
extended farther than has been shown for other small odontocetes exposed to airgun pulses (e.g., Harris 
et al. 2007).  
 
Observers stationed on seismic vessels operating off the U.K. from 1997 to 2000 have provided data on 
the occurrence and behaviour of various toothed whales exposed to seismic pulses (Stone 2003; Gordon 
et al. 2004; Stone and Tasker 2006).  Dolphins of various species often showed more evidence of 
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avoidance of operating airgun arrays than has been reported previously for small odontocetes.  Sighting 
rates of white-sided dolphins, white-beaked dolphins, Lagenorhynchus spp., and all small odontocetes 
combined were significantly lower during periods when large-volume3 airgun arrays were shooting.  
Except for pilot whale and bottlenose dolphin, CPA distances for all of the small odontocete species 
tested, including killer whales, were significantly farther from large airgun arrays during periods of 
shooting compared with periods of no shooting.  Pilot whales were less responsive than other small 
odontocetes in the presence of seismic surveys (Stone and Tasker 2006).  For small odontocetes as a 
group, and most individual species, orientations differed between times when large airgun arrays were 
operating vs. silent, with significantly fewer animals traveling towards and/or more traveling away from 
the vessel during shooting (Stone and Tasker 2006).  Observers’ records suggested that fewer cetaceans 
were feeding and fewer were interacting with the survey vessel (e.g., bow-riding) during periods with 
airguns operating, and small odontocetes tended to swim faster during periods of shooting (Stone and 
Tasker 2006).  For most types of small odontocetes sighted by observers on seismic vessels, the median 
CPA distance was ≥0.5 km larger during airgun operations (Stone and Tasker 2006).  Killer whales 
appeared to be more tolerant of seismic shooting in deeper waters.   
 
Data collected during seismic operations in the Gulf of Mexico and off Central America show similar 
patterns. A summary of vessel-based monitoring data from the Gulf of Mexico during 2003 to 2008 
showed that delphinids were generally seen farther from the vessel during seismic than during non-
seismic periods (based on Barkaszi et al. 2009, excluding sperm whales). Similarly, during two NSF-
funded Lamont-Doherty Earth Observatory of Columbia University (L-DEO) seismic surveys that used 
a large 20 airgun array (~7000 in3), sighting rates of delphinids were lower and initial sighting distances 
were farther away from the vessel during seismic than non-seismic periods (Smultea et al. 2004; Holst et 
al. 2005a, 2006; Richardson et al. 2009).  Monitoring results during a seismic survey in the southeast 
Caribbean showed that the mean CPA of delphinids during seismic operations was 991 m during seismic 
operations vs. with 172 m when the airguns were not operational (Smultea et al. 2004).  Surprisingly, 
nearly all acoustic detections via a towed passive acoustic monitoring (PAM) array, including both 
delphinids and sperm whales, were made when the airguns were operating (Smultea et al. 2004).  
Although the number of sightings during monitoring of a seismic survey off the Yucatán Peninsula, 
Mexico, was small (n = 19), the results showed that the mean CPA distance of delphinids during seismic 
operations there was 472 m during seismic operations vs. with 178 m when the airguns were silent 
(Holst et al. 2005a).  The acoustic detection rates were nearly five times higher during non-seismic 
compared with seismic operations (Holst et al. 2005a). 
 
For two additional NSF-funded L-DEO seismic surveys in the eastern Tropical Pacific, both using a 
large 36 airgun array (~6600 in3), the results are less easily interpreted (Richardson et al. 2009). During 
both surveys, the delphinid detection rate was lower during seismic than during non-seismic periods, as 
found in various other projects, but the mean CPA distance of delphinids was closer (not farther) during 
seismic periods (Hauser et al. 2008; Holst and Smultea 2008). 
 
During two seismic surveys off Newfoundland and Labrador in 2004 and 2005, dolphin sighting rates 
were lower during seismic periods than during non-seismic periods after taking temporal factors into 
account, although the difference was statistically significant only in 2004 (Moulton et al. 2005, 2006a).  
                                                 
3 Large volume means at least 1,300 in3, with most (79%) at least 3,000 in3. 
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In 2005, the mean CPA distance of dolphins was significantly farther during seismic periods (807 vs.652 
m); in 2004, the corresponding difference was not significant.   
 
Among Atlantic spotted dolphins off Angola (n = 16 useable groups), marked short-term and localized 
displacement was found in response to seismic operations conducted with a 24 airgun array (3147 in3 or 
5085 in3) (Weir 2008a).  Sample sizes were low, but CPA distances of dolphin groups were significantly 
larger when airguns were on (mean 1080 m) vs. off (mean 209 m).  No Atlantic spotted dolphins were 
seen within 500 m of the airguns when they were operating, whereas all sightings when airguns were 
silent occurred within 500 m, including the only recorded “positive approach” behaviours.   
 
Reactions of toothed whales to a single airgun or other small airgun sources are not well documented, 
but tend to be less substantial than reactions to large airgun arrays (e.g., Stone 2003; Stone and Tasker 
2006).  During 91 site surveys off the U.K. in 1997 to 2000, sighting rates of all small odontocetes 
combined were significantly lower during periods the low-volume4 airgun sources were operating, and 
effects on orientation were evident for all species and groups tested (Stone and Tasker 2006).  Results 
from four NSF-funded L-DEO seismic surveys using small arrays (up to 3 GI guns and 315 in3) were 
inconclusive.  During surveys in the eastern Tropical Pacific (Holst et al. 2005b) and in the NW Atlantic 
(Haley and Koski 2004), detection rates were slightly lower during seismic compared to non-seismic 
periods.  However, mean CPAs were closer during seismic operations during one cruise (Holst et al. 
2005b), and greater during the other cruise (Haley and Koski 2004).  Interpretation of the data was 
confounded by the fact that survey effort and/or number of sightings during non-seismic periods during 
both surveys was small.  Results from two small-array surveys in southeast Alaska were even more 
variable (MacLean and Koski 2005; Smultea and Holst 2008).   
 
Captive bottlenose dolphins and beluga whales exhibited changes in behaviour when exposed to strong 
pulsed sounds similar in duration to those typically used in seismic surveys (Finneran et al. 2000, 2002, 
2005).  Finneran et al. (2002) exposed a captive bottlenose dolphin and beluga to single impulses from a 
water gun (80 in3).  As compared with airgun pulses, water gun impulses were expected to contain 
proportionally more energy at higher frequencies because there is no significant gas-filled bubble, and 
thus little low-frequency bubble-pulse energy (Hutchinson and Detrick 1984).  The captive animals 
sometimes vocalized after exposure and exhibited reluctance to station at the test site where subsequent 
exposure to impulses would be implemented (Finneran et al. 2002).  Similar behaviours were exhibited 
by captive bottlenose dolphins and a beluga exposed to single underwater pulses designed to simulate 
those produced by distant underwater explosions (Finneran et al. 2000).  It is uncertain what relevance 
these observed behaviours in captive, trained marine mammals exposed to single transient sounds may 
have to free-ranging animals exposed to multiple pulses.  In any event, the animals tolerated rather high 
received levels of sound before exhibiting the aversive behaviours mentioned above. 
 
Odontocete responses (or lack of responses) to noise pulses from underwater explosions (as opposed to 
airgun pulses) may be indicative of odontocete responses to very strong noise pulses.  During the 1950s, 
small explosive charges were dropped into an Alaskan river in attempts to scare belugas away from 
salmon.  Success was limited (Fish and Vania 1971; Frost et al. 1984).  Small explosive charges were 
“not always effective” in moving bottlenose dolphins away from sites in the Gulf of Mexico where 
                                                 
4 For low volume arrays, maximum volume was 820 in3, with most (87%) ≤180 in3. 



 

larger demolition blasts were about to occur (Klima et al. 1988).  Odontocetes may be attracted to fish 
killed by explosions, and thus attracted rather than repelled by “scare” charges.  Captive false killer 
whales showed no obvious reaction to single noise pulses from small (10 g) charges; the received level 
was ~185 dB re 1 Pa (Akamatsu et al. 1993).  Jefferson and Curry (1994) reviewed several additional 
studies that found limited or no effects of noise pulses from small explosive charges on killer whales and 
other odontocetes.  Aside from the potential for causing auditory impairment (see below), the tolerance 
to these charges may indicate a lack of effect, or the failure to move away may simply indicate a 
stronger desire to feed, regardless of circumstances. 
 
Phocoenids (Porpoises): Porpoises, like delphinids, show variable reactions to seismic operations, and 
reactions apparently depend on species.  The limited available data suggest that harbour porpoise shows 
stronger avoidance of seismic operations than Dall’s porpoise (Stone 2003; MacLean and Koski 2005; 
Bain and Williams 2006).  In Washington State waters, the harbour porpoise―despite being considered 
a high-frequency specialist―appeared to be the species affected by the lowest received level of airgun 
sound (<145 dB re 1 μParms at a distance >70 km; Bain and Williams 2006).  Similarly, during seismic 
surveys with large airgun arrays off the U.K. in 1997 to 2000, there were significant differences in 
directions of travel by harbour porpoises during periods when the airguns were shooting vs. silent (Stone 
2003; Stone and Tasker 2006).  A captive harbour porpoise exposed to single sound pulses from a small 
airgun showed aversive behaviour upon receipt of a pulse with received level above 174 dB re 1 μPapk-pk 

or SEL >145 dB re 1 μPa2 · s (Lucke et al. 2009).  In contrast, Dall’s porpoises seem relatively tolerant 
of airgun operations (MacLean and Koski 2005; Bain and Williams 2006), although they too have been 
observed to avoid large arrays of operating airguns (Calambokidis and Osmek 1998; Bain and Williams 
2006).  The apparent tendency for greater responsiveness in harbour porpoise is consistent with their 
relative responsiveness to boat traffic and some other acoustic sources (Richardson et al. 1995; Southall 
et al. 2007). 
 
Beaked Whales: There are almost no specific data on the behavioural reactions of beaked whales to 
seismic surveys.  Most beaked whales tend to avoid approaching vessels of other types (e.g., Würsig et 
al. 1998).  They may also dive for an extended period when approached by a vessel (e.g., Kasuya 1986), 
although it is uncertain how much longer such dives may be as compared to dives by undisturbed 
beaked whales, which also are often quite long (Baird et al. 2006; Tyack et al. 2006b).  In any event, it is 
likely that most beaked whales would also show strong avoidance of an approaching seismic vessel, 
regardless of whether or not the airguns are operating.  However, this has not been documented 
explicitly.  Northern bottlenose whales sometimes are quite tolerant of slow-moving vessels not emitting 
airgun pulses (Reeves et al. 1993; Hooker et al. 2001).  The few detections (acoustic or visual) of 
northern bottlenose whales from seismic vessels during recent seismic surveys off Nova Scotia have 
been during times when the airguns were shut down; no detections were reported when the airguns were 
operating (Moulton and Miller 2005; Potter et al. 2007).  However, other visual and acoustic studies 
indicated that some northern bottlenose whales remained in the general area and continued to produce 
high-frequency clicks when exposed to sound pulses from distant seismic surveys (Laurinolli and 
Cochrane 2005; Simard et al. 2005). 
 
There are increasing indications that some beaked whales tend to strand when military exercises 
involving mid-frequency sonar operation are ongoing nearby (e.g., Simmonds and Lopez-Jurado 1991; 
Frantzis 1998; NOAA and USN 2001; Jepson et al. 2003; Barlow and Gisiner 2006; see also the 
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“Strandings and Mortality” subsection, later).  These strandings are apparently at least in part a distur-
bance response, although auditory or other injuries or other physiological effects may also be a factor.  
Whether beaked whales would ever react similarly to seismic surveys is unknown.  Seismic survey 
sounds are quite different from those of the sonars in operation during the above-cited incidents.  No 
conclusive link has been established between seismic surveys and beaked whale strandings.  There was a 
stranding of two Cuvier’s beaked whales in the Gulf of California (Mexico) in September 2002 when the 
R/V Maurice Ewing was conducting a seismic survey in the general area (e.g., Malakoff 2002; Hilde-
brand 2005).  However, NMFS did not establish a cause and effect relationship between this stranding 
and the seismic survey activities (Hogarth 2002).  Cox et al. (2006) noted the “lack of knowledge 
regarding the temporal and spatial correlation between the [stranding] and the sound source”.  
Hildebrand (2005) illustrated the approximate temporal-spatial relationships between the stranding and 
the Ewing’s tracks, but the time of the stranding was not known with sufficient precision for accurate 
determination of the CPA distance of the whales to the Ewing.  Another stranding of Cuvier’s beaked 
whales in the Galápagos occurred during a seismic survey in April 2000; however “There is no obvious 
mechanism that bridges the distance between this source and the stranding site” (Gentry [ed.] 2002). 
 
Sperm Whales: All three species of sperm whales have been reported to show avoidance reactions to 
standard vessels not emitting airgun sounds (e.g., Richardson et al. 1995; Würsig et al. 1998; McAlpine 
2002; Baird 2005).  However, most studies of sperm whales exposed to airgun sounds indicate that this 
species shows considerable tolerance of airgun pulses.  The whales usually do not show strong 
avoidance (i.e., they do not leave the area) and they continue to call.  
 
There were some early and limited observations suggesting that sperm whales in the Southern Ocean 
ceased calling during some (but not all) times when exposed to weak noise pulses from extremely 
distant (>300 km) seismic exploration.  However, other operations in the area could also have been a 
factor (Bowles et al. 1994).  This “quieting” was suspected to represent a disturbance effect, in part 
because sperm whales exposed to pulsed man-made sounds at higher frequencies often cease calling 
(Watkins and Schevill 1975; Watkins et al. 1985).  Also, there was an early preliminary account of 
possible long-range avoidance of seismic vessels by sperm whales in the Gulf of Mexico (Mate et al. 
1994).  However, this has not been substantiated by subsequent more detailed work in that area (Gordon 
et al. 2006; Winsor and Mate 2006; Jochens et al. 2008; Miller et al. 2009). 
 
Recent and more extensive data from vessel-based monitoring programs in U.K. waters and off 
Newfoundland and Angola suggest that sperm whales in those areas show little evidence of avoidance or 
behavioural disruption in the presence of operating seismic vessels (Stone 2003; Stone and Tasker 2006; 
Moulton et al. 2005, 2006a; Weir 2008a).  Among sperm whales off Angola (n = 96 useable groups), 
there were no significant differences in encounter rates (sightings/h) when a 24 airgun array (3147 in3 or 
5085 in3) was operating vs. silent (Weir 2008a).  There was also no significant difference in the CPA 
distances of the sperm whale sightings when airguns were on vs. off (means 3039 m vs. 2594 m, 
respectively).  Encounter rate tended to increase over the 10 month duration of the seismic survey.  
These types of observations are difficult to interpret because the observers are stationed on or near the 
seismic vessel, and may underestimate reactions by some of the more responsive animals, which may be 
beyond visual range.  However, these results do seem to show considerable tolerance of seismic surveys 
by at least some sperm whales.  Also, a study off northern Norway indicated that sperm whales contin-
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ued to call when exposed to pulses from a distant seismic vessel.  Received levels of the seismic pulses 
were up to 146 dB re 1 μPap-p (Madsen et al. 2002).   
 
Similarly, a study conducted off Nova Scotia that analyzed recordings of sperm whale vocalizations at 
various distances from an active seismic program did not detect any obvious changes in the distribution 
or behaviour of sperm whales (McCall Howard 1999). 
Sightings of sperm whales by observers on seismic vessels operating in the Gulf of Mexico during 2003 
to 2008 were at very similar average distances regardless of the airgun operating conditions (Barkaszi et 
al. 2009). For example, the mean sighting distance was 1839 m when the airgun array was in full 
operation (n=612) vs. 1960 m when all airguns were off (n=66).   
 
A detailed study of sperm whale reactions to seismic surveys has been done recently in the Gulf of 
Mexico ― the Sperm Whale Seismic Study or SWSS (Gordon et al. 2006; Madsen et al. 2006; Winsor 
and Mate 2006;  Jochens et al. 2008; Miller et al. 2009).  During SWSS, D-tags (Johnson and Tyack 
2003) were used to record the movement and acoustic exposure of eight foraging sperm whales before, 
during, and after controlled exposures to sound from airgun arrays (Jochens et al. 2008; Miller et al. 
2009). 
 
Whales were exposed to maximum received sound levels of 111 to 147 dB re 1 μParms (131 to 162 dB 
re 1 μPapk-pk) at ranges of ~1.4 to 12.8 km from the sound source (Miller et al. 2009).  Although the 
tagged whales showed no discernible horizontal avoidance, some whales showed changes in diving and 
foraging behaviour during full-array exposure, possibly indicative of subtle negative effects on foraging 
(Jochens et al. 2008; Miller et al. 2009; Tyack 2009).  Two indications of foraging that they studied 
were oscillations in pitch and occurrence of echolocation buzzes, both of which tend to occur when a 
sperm whale closes-in on prey.  "Oscillations in pitch generated by swimming movements during 
foraging dives were on average 6% lower during exposure than during the immediately following post-
exposure period, with all 7 foraging whales exhibiting less pitching (p = 0.014).  Buzz rates, a proxy for 
attempts to capture prey, were 19% lower during exposure…" (Miller et al. 2009).  Although the latter 
difference was not statistically significant (P = 0.141), the percentage difference in buzz rate during 
exposure vs. post-exposure conditions appeared to be strongly correlated with airgun-whale distance 
(Miller et al. 2009: Fig. 5; Tyack 2009). 
 
Discussion and Conclusions: Dolphins and porpoises are often seen by observers on active seismic 
vessels, occasionally at close distances (e.g., bow riding).  However, some studies near the U.K., 
Newfoundland, Angola, in the Gulf of Mexico, and off Central America have shown localized avoid-
ance.  Also, belugas summering in the Canadian Beaufort Sea showed larger-scale avoidance, tending to 
avoid waters out to 10 to 20 km from operating seismic vessels.  In contrast, recent studies show little 
evidence of conspicuous reactions by sperm whales to airgun pulses, contrary to earlier indications.   
 
There are almost no specific data on responses of beaked whales to seismic surveys, but it is likely that 
most if not all species show strong avoidance.  There is increasing evidence that some beaked whales 
may strand after exposure to strong noise from sonars; if they ever do so in response to seismic survey 
noise is unknown.  Northern bottlenose whales seem to continue to call when exposed to pulses from 
distant seismic vessels. 
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Overall, odontocete reactions to large arrays of airguns are variable and, at least for delphinids and some 
porpoises, seem to be confined to a smaller radius than has been observed for some mysticetes.  
However, other data suggest that some odontocetes species, including belugas and harbour porpoises, 
may be more responsive than might be expected given their poor low-frequency hearing.  Reactions at 
longer distances may be particularly likely when sound propagation conditions are conducive to 
transmission of the higher-frequency components of airgun sound to the animals’ location (DeRuiter et 
al. 2006; Goold and Coates 2006; Tyack et al. 2006a; Potter et al. 2007).   
 
For delphinids, and possibly the Dall’s porpoise, the available data suggest that a ≥170 dB re 1 µParms 
disturbance criterion (rather than ≥160 dB) would be appropriate.  With a medium to large airgun array, 
received levels typically diminish to 170 dB within 1 to 4 km, whereas levels typically remain above 
160 dB out to 4 to 15 km (e.g., Tolstoy et al. 2009).  Reaction distances for delphinids are more 
consistent with the typical 170 dB re 1 μParms distances.  The 160 dB (rms) criterion currently applied 
by NMFS was developed based primarily on data from grey and bowhead whales.  Avoidance distances 
for delphinids and Dall’s porpoises tend to be shorter than for those two mysticete species.  For 
delphinids and Dall’s porpoises, there is no indication of strong avoidance or other disruption of 
behaviour at distances beyond those where received levels would be ~170 dB re 1 μParms (on the order 
of 2 or 3 km for a large airgun array). 
 
Pinnipeds 
 
Few studies of the reactions of pinnipeds to noise from open-water seismic exploration have been 
published (for review of the early literature, see Richardson et al. 1995).  However, pinnipeds have been 
observed during a number of seismic monitoring studies.  Monitoring in the Beaufort Sea during 1996 to 
2002 provided a substantial amount of information on avoidance responses (or lack thereof) and 
associated behaviour.  Additional monitoring of that type has been done in the Beaufort and Chukchi 
Seas in 2006 to 2009.  Pinnipeds exposed to seismic surveys have also been observed during seismic 
surveys along the U.S. west coast.  Some limited data are available on physiological responses of pinni-
peds exposed to seismic sound, as studied with the aid of radio telemetry.  Also, there are data on the 
reactions of pinnipeds to various other related types of impulsive sounds. 
 
Early observations provided considerable evidence that pinnipeds are often quite tolerant of strong 
pulsed sounds.  During seismic exploration off Nova Scotia, grey seals exposed to noise from airguns 
and linear explosive charges reportedly did not react strongly (J. Parsons in Greene et al. 1985).  An 
airgun caused an initial startle reaction among South African fur seals but was ineffective in scaring 
them away from fishing gear (Anonymous 1975).  Pinnipeds in both water and air sometimes tolerate 
strong noise pulses from non-explosive and explosive scaring devices, especially if attracted to the area 
for feeding or reproduction (Mate and Harvey 1987; Reeves et al. 1996).  Thus, pinnipeds are expected 
to be rather tolerant of, or to habituate to, repeated underwater sounds from distant seismic sources, at 
least when the animals are strongly attracted to the area. 
 
In the U.K., a radio-telemetry study demonstrated short-term changes in the behaviour of harbour and 
grey seals exposed to airgun pulses (Thompson et al. 1998).  Harbour seals were exposed to seismic 
pulses from a 90 in3 array (3  30 in3 airguns), and behavioural responses differed among individuals.  
One harbour seal avoided the array at distances up to 2.5 km from the source and only resumed foraging 
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dives after seismic stopped.  Another harbour seal exposed to the same small airgun array showed no 
detectable behavioural response, even when the array was within 500 m.  Grey seals exposed to a single 
10 in3 airgun showed an avoidance reaction: they moved away from the source, increased swim speed 
and/or dive duration, and switched from foraging dives to predominantly transit dives.  These effects 
appeared to be short-term as grey seals either remained in, or returned at least once to, the foraging area 
where they had been exposed to seismic pulses.  These results suggest that there are interspecific as well 
as individual differences in seal responses to seismic sounds. 
 
Off California, visual observations from a seismic vessel showed that California sea lions “typically 
ignored the vessel and array.  When [they] displayed behaviour modifications, they often appeared to be 
reacting visually to the sight of the towed array.  At times, California sea lions were attracted to the 
array, even when it was on.  At other times, these animals would appear to be actively avoiding the 
vessel and array” (Arnold 1996).  In Puget Sound, sighting distances for harbour seals and California sea 
lions tended to be larger when airguns were operating; both species tended to orient away whether or not 
the airguns were firing (Calambokidis and Osmek 1998).  Bain and Williams (2006) also stated that 
their small sample of harbour seals and sea lions tended to orient and/or move away upon exposure to 
sounds from a large airgun array. 
 
Monitoring work in the Alaskan Beaufort Sea during 1996 to 2001 provided considerable information 
regarding the behaviour of seals exposed to seismic pulses (Harris et al. 2001; Moulton and Lawson 
2002).  Those seismic projects usually involved arrays of 6 to 16 airguns with total volumes 560 to 1500 
in3.  Subsequent monitoring work in the Canadian Beaufort Sea in 2001 to 2002, with a somewhat larger 
airgun system (24 airguns, 2250 in3), provided similar results (Miller et al. 2005).   
 
The combined results suggest that some seals avoid the immediate area around seismic vessels.  In most 
survey years, ringed seal sightings averaged somewhat farther away from the seismic vessel when the 
airguns were operating than when they were not (Moulton and Lawson 2002).  Also, seal sighting rates 
at the water surface were lower during airgun array operations than during no-airgun periods in each 
survey year except 1997.  However, the avoidance movements were relatively small, on the order of 
100 m to (at most) a few hundreds of metres, and many seals remained within 100 to 200 m of the 
trackline as the operating airgun array passed by.  
 
The operation of the airgun array had minor and variable effects on the behaviour of seals visible at the 
surface within a few hundred metres of the airguns (Moulton and Lawson 2002).  The behavioural data 
indicated that some seals were more likely to swim away from the source vessel during periods of airgun 
operations and more likely to swim towards or parallel to the vessel during non-seismic periods.  No 
consistent relationship was observed between exposure to airgun noise and proportions of seals engaged 
in other recognizable behaviours, e.g., “looked” and “dove”.  Such a relationship might have occurred if 
seals seek to reduce exposure to strong seismic pulses, given the reduced airgun noise levels close to the 
surface where “looking” occurs (Moulton and Lawson 2002).  
 
Monitoring results from the Canadian Beaufort Sea during 2001 to 2002 were more variable (Miller et 
al. 2005).  During 2001, sighting rates of seals (mostly ringed seals) were similar during all seismic 
states, including periods without airgun operations.  However, seals tended to be seen closer to the 
vessel during non-seismic than seismic periods.  In contrast, during 2002, sighting rates of seals were 
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higher during non-seismic periods than seismic operations, and seals were seen farther from the vessel 
during non-seismic compared to seismic activity (a marginally significant result).  The combined data 
for both years showed that sighting rates were higher during non-seismic periods compared to seismic 
periods, and that sighting distances were similar during both seismic states.  Miller et al. (2005) 
concluded that seals showed very limited avoidance to the operating airgun array.   
 
Vessel-based monitoring also took place in the Alaskan Chukchi and Beaufort seas from 2006 to 2008 
(Reiser et al. 2009).  Observers on the seismic vessels saw phocid seals less frequently while airguns 
were operating than when airguns were silent.  Also, during airgun operations, those observers saw seals 
less frequently than did observers on nearby vessels without airguns.  Finally, observers on the latter 
“no-airgun vessels saw seals more often when the nearby source vessels’ airguns were operating than 
when they were silent.  All of these observations are indicative of a tendency for phocid seals to exhibit 
localized avoidance of the seismic source vessel when airguns are firing (Reiser et al. 2009). 
 
In summary, visual monitoring from seismic vessels has shown only slight (if any) avoidance of airguns 
by pinnipeds, and only slight (if any) changes in behaviour.  These studies show that many pinnipeds do 
not avoid the area within a few hundred metres of an operating airgun array.  However, based on the 
studies with large sample size, or observations from a separate monitoring vessel, or radio telemetry, it 
is apparent that some phocid seals do show localized avoidance of operating airguns.  The limited nature 
of this tendency for avoidance is a concern. It suggests that one cannot rely on pinnipeds to move away, 
or to move very far away, before received levels of sound from an approaching seismic survey vessel 
approach those that may cause hearing impairment (see below). 
 
Polar Bear 
 
Airgun effects on polar bears have not been studied.   However, polar bears observed on the ice would be 
largely unaffected by underwater sound.  Sound levels received by polar bears in the water would be 
attenuated because polar bears generally swim with their heads above water and do not dive much below 
the surface where received levels of airgun sounds are reduced near the surface. 
 
Sea Turtles 
 
There have been far fewer studies of the effects of airgun noise (or indeed any type of noise) on sea 
turtles.  Three studies have focused on short-term behavioural responses of sea turtles in enclosures to 
single airguns.  However, comparisons of results among studies are difficult because experimental 
designs and reporting procedures have varied greatly, and only one of the studies provided specific 
information about the levels of the airgun pulses received by the turtles.  Although responses of free-
ranging sea turtles to seismic surveys are now being reported, we are not aware of any directed studies 
on responses of free-ranging sea turtles to seismic sounds or on the long-term effects of seismic or other 
sounds on sea turtles.  
 
The most recent of the studies of caged sea turtles exposed to airgun pulses was a study by McCauley et 
al. (2000a,b) off western Australia.  This is apparently the only such study in which received sound 
levels were estimated carefully.  The authors exposed caged green and loggerhead sea turtles (one of 
each) to pulses from an approaching and then receding 20 in3 airgun operating at 1500 psi and 5 m 
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airgun depth.  The single airgun fired every 10 s.  There were two trials separated by two days; the first 
trial involved ~2 h of airgun exposure and the second ~1 h.  The results from the two trials showed that, 
above a received level of 166 dB re 1 Pa (rms), the turtles noticeably increased their swim speed 
relative to periods when no airguns were operating.  The behaviour of the sea turtles became more 
erratic when received levels exceeded 175 dB re 1 Pa rms.  The authors suggested that the erratic 
behaviour exhibited by the caged sea turtles would likely, in unrestrained turtles, be expressed as an 
avoidance response (McCauley et al. 2000a,b). 
 
O’Hara and Wilcox (1990) tested the reactions to airguns by loggerhead sea turtles held in a 300 x 45 m 
area of a canal in Florida with a bottom depth of 10 m.  Nine turtles were tested at different times.  The 
sound source consisted of one 10 in3 airgun plus two 0.8 in3 “poppers” operating at 2000 psi 5 and airgun 
depth of 2 m for prolonged periods of 20 to 36 hours in duration.  The turtles maintained a standoff 
range of about 30 m when exposed to airgun pulses every 15 s or every 7.5 s.  It was also possible that 
some turtles remained on the bottom of the enclosure when exposed to airgun pulses.  O’Hara and 
Wilcox (1990) did not measure the received airgun sound levels.  McCauley et al. (2000a,b) estimated 
that “the level at which O’Hara saw avoidance was around 175 to 176 dB re 1 Pa rms.”  The levels 
received by the turtles in the Florida study probably were actually a few dB less than 175 to 176 dB 
because the calculations by McCauley et al. apparently did not allow for the shallow 2 m airgun depth in 
the Florida study.  The effective source level of airguns is less when they are near 2 m depth than at 5 m 
(Greene et al. 2000).  
 
Moein et al. (1994) investigated the avoidance behaviour and physiological responses of loggerhead 
turtles exposed to an operating airgun, as well as the effects on their hearing as summarised earlier.  The 
turtles were held in a netted enclosure ~18 m by 61 m by 3.6 m deep, with an airgun of unspecified size 
at each end.  Only one airgun was operated at any one time; firing rate was one shot every 5 to 6 s.  Ten 
turtles were tested individually, and seven of these were retested several days later.  The airgun was 
initially discharged when the turtles were near the center of the enclosure and the subsequent 
movements of the turtles were documented.  The turtles exhibited avoidance during the first presentation 
of airgun sounds at a mean range of 24 m, but the avoidance response waned quickly.  Additional trials 
conducted on the same turtles several days later did not show statistically significant avoidance 
reactions.  However, there was an indication of slight initial avoidance followed by rapid waning of the 
avoidance response which the authors described as “habituation.”  Their auditory study indicated that 
exposure to the airgun pulses may have resulted in TTS (discussed earlier).  Reduced hearing sensitivity 
may also have contributed to the waning response upon continued exposure.  Based on physiological 
measurements, there was some evidence of increased stress in the sea turtles, but this stress could also 
have resulted from handling of the turtles. 
 
Once again, inconsistencies in reporting procedures and experimental design prevent direct comparison 
of this study with either McCauley et al. (2000a,b) or O’Hara and Wilcox (1990).  Moein et al. (1994) 
stated, without further details, that “three different decibel levels (175, 177, 179) were utilised” during 
each test.  These sound levels probably are received levels in dB re 1 Pa, and probably relate to the 

                                                 
5 There was no significant reaction by five turtles during an initial series of tests with the airguns operating at the unusually 
low pressure of 1,000 psi.  The source and received levels of airgun sounds would have been substantially lower when the air 
pressure was only 1,000 psi than when it was at the more typical operating pressure of 2,000 psi. 



 

initial exposure distance (mean 24 m), but these details were not specified.  Also, it was not specified 
whether these values were measured or estimated, or whether they are expressed in peak-peak, peak, 
rms, SEL, or some other units.  Given the shallow water in the enclosure (3.6 m), any estimates based on 
simple assumptions about propagation would be suspect.  
 
Despite the problems in comparing these studies, there is a consistent trend showing that, at some 
received level, sea turtles show avoidance of an operating airgun.  Lenhardt (2002) reported behavioural 
responses to Bolt 600 airguns at received levels of 151 to 161 dB SPL re 1 µm, and initial avoidance 
responses at received levels near 175 dB.  McCauley et al. (2000a,b) found evidence of behavioural 
responses when the received level from a single small airgun was 166 dB re 1 Pa rms, and avoidance 
responses at 175 dB re 1 Pa rms.  Based on these data, McCauley et al. (2000a,b) estimated that, for a 
typical airgun array (2678 in3, 12 elements) operating in 100 to 120 m water depth, sea turtles may 
exhibit behavioural changes at approximately 2 km and avoidance around 1 km.  These estimates are 
subject to great variation, depending on the seismic source and local propagation conditions. 
 
A further potential complication is that sea turtles on or near the bottom may receive sediment-borne 
“headwave” signals from the airguns (McCauley et al. 2000a,b).  As previously discussed, it is believed 
that sea turtles use bone conduction to hear.  It is unknown how sea turtles might respond to the 
headwave component of an airgun impulse, or to bottom vibrations. 
 
A pair of related studies involving stimuli other than airguns may also be relevant.   
 

1) Two loggerhead turtles resting on the bottom of shallow tanks responded repeatedly to low-
frequency (20 to 80 Hz) tones by becoming active and swimming to the surface.  They 
remained at the surface or only slightly submerged for the remainder of the 1 min trial 
(Lenhardt 1994).  Although no detailed data on sound levels at the bottom vs. surface were 
reported, the surfacing response probably reduced the levels of underwater sound to which 
the turtles were exposed.   

2) In a separate study, a loggerhead and a Kemp’s Ridley sea turtle responded similarly when 
1 s vibratory stimuli at 250 or 500 Hz were applied to the head for 1 s (Lenhardt et al. 1983).  
There appeared to be rapid habituation to these vibratory stimuli.  The tones and vibratory 
stimuli used in these two studies were quite different from airgun pulses.  However, it is 
possible that resting sea turtles may exhibit a similar “alarm” response, possibly including 
surfacing or alternatively diving, when exposed to any audible noise, regardless of whether it 
is a pulsed sound or tone. 

 
Data on sea turtle behaviour near airgun operations have also been collected during marine mammal and 
sea turtle monitoring and mitigation programs associated with various seismic operations around the 
world.  Results suggest it is likely that sea turtles will exhibit behavioural changes and/or avoidance 
within an area of unknown size near a seismic vessel.  During six large-source (10 to 20 airguns; 3050 to 
8760 in3) and small-source (up to six airguns or three GI guns; 75 to 1350 in3) surveys conducted by 
L-DEO during 2003 to 2005, the mean closest point of approach (CPA) for turtles was closer during 
non-seismic than seismic periods: 139 m vs. 228 m and 120 m vs. 285 m, respectively (Holst et al. 
2006).  During one of these surveys an observer sighted an olive Ridley sea turtle (Lepidochelys 
olivacea) that appeared at the surface within the 190 dB re 1 µPa isopleth while the 10 airgun array was 
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operating (Holst et al. 2005a).  The turtle was “logging sedately” at the surface for a period, during 
which it floated within about 10 m of the array and then swam away.  Based on the observed behaviour, 
it was surmised that the turtle was agitated by its exposure to the sound source (Holst et al. 2005a).  
During a seismic survey off the Pacific coast of Central America, the turtle sighting rate during non-
seismic periods was seven times greater than that during seismic periods (Holst and Smultea 2008).  In 
addition, turtles were seen significantly farther from the airgun array when it was operating (mean 159 
m, n = 77) than when the airguns were off (mean 188 m, n = 69; Mann-Whitney U test, P<0.001) (Holst 
and Smultea 2008).  During another survey in the eastern Tropical Pacific, the turtle sighting rate during 
non-seismic was 1.5 times greater than that during seismic periods; however, turtles tended to be seen 
closer to the airgun array when it was operating (Hauser et al. 2008). 
 
Weir (2007) reported on the behaviour of sea turtles near seismic exploration operations off Angola, 
West Africa.  A total of 240 sea turtles were seen during 676 h of associated marine mammal mitigation 
and monitoring observations.  Alternating airgun arrays with total volumes 5085 and 3147 in3 were used 
during the seismic program.  Sea turtles were seen closer to the seismic source and sighting rates were 
twice as high during non-seismic vs. seismic periods (Weir 2007).  However, there was no significant 
difference in the median distance of turtle sightings from the array during non-seismic vs. seismic 
periods (means of 743 m [n = 112] and 779 m [n = 57]).  Off northeastern Brazil, 46 sea turtles were 
seen during 2028 h of marine mammal mitigation and monitoring of seismic exploration using 4 to 8 GI 
airguns, no evidence of adverse impacts on sea turtles from seismic operations was apparent (Parente et 
al. 2006). 
 
The paucity of data precludes specific predictions as to how free-ranging sea turtles respond to seismic 
sounds.  The possible responses could include one or more of the following:  (1) avoid the entire seismic 
survey area to the extent that the turtles move to less preferred habitat; (2) avoid only the immediate area 
around the active seismic vessel, i.e., local avoidance of the source vessel but remain in the general area; 
and/or (3) exhibit no appreciable avoidance, although short-term behavioural reactions are likely. 
 
The potential alteration of a migration route might have negative impacts.  However, it is not known 
whether the alteration would ever be on a sufficient geographic scale, or be sufficiently prolonged, to 
prevent turtles from reaching an important destination.  Again, this is not a likely possibility in the 
circumstances of the present project. 
 
Avoidance of a preferred foraging area because of seismic survey noise may prevent sea turtles from 
obtaining preferred prey species and hence could impact their nutritional status.  However, it is highly 
unlikely that sea turtles would completely avoid a large area along a migration route.  Available 
evidence suggests that the zone of avoidance around seismic sources is not likely to exceed a few 
kilometres (McCauley et al. 2000b).  Avoidance reactions on that scale could prevent sea turtles from 
using an important coastal area or bay if there was a prolonged seismic operation in the area.  Sea turtles 
might be excluded from the area for the duration of the seismic operation, or they might remain but 
exhibit abnormal behavioural patterns (e.g., lingering at the surface where received sound levels are 
lower).  Whether those that were displaced would return quickly after the seismic operation ended is 
generally unknown.  Again, this is not a likely possibility in the circumstances of the present project, 
since operations will be in offshore areas that are not known or expected to be preferred foraging habitat. 
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The results of experiments and monitoring studies on responses of marine mammals and fish to seismic 
surveys show that behavioural responses are possible, depending on species, time of year, activity of the 
animal, and other unknown factors.  The same species may show different kinds of responses at different 
times of year or even on different days (Richardson et al. 1995).  It is reasonable to expect similar 
variability in the case of sea turtles exposed to airgun sounds.  For example, sea turtles of different ages 
have very different sizes, behaviour, feeding habits, and preferred water depths.  Nothing specific is 
known about the ways in which these factors may be related to airgun sound effects on sea turtles.  
However, it is reasonable to expect lesser effects in young turtles concentrated near the surface (where 
levels of airgun sounds are attenuated) as compared with older turtles that spend more time at depth 
where airgun sounds are generally stronger. 
 
In summary, most studies have been conducted in shallow water, enclosed areas and thus are not directly 
applicable to the Project Area.  The limited available data indicate that sea turtles will hear airgun 
sounds.  Based on available data, it is likely that sea turtles will exhibit behavioural changes and/or 
avoidance within an area of unknown size near a seismic vessel.  Seismic operations in or near areas 
where turtles concentrate are likely to have the greatest impact.  There are no specific data that 
demonstrate the consequences to sea turtles if seismic operations do occur in important areas at 
important times of year.  The Labrador Sea, including the Project Area, is not a breeding area for sea 
turtles and it is not known or thought to be an important feeding area, and thus high concentrations of 
sea turtles are unlikely.   
 
(D)  Hearing Impairment Effects 
 
Temporary or permanent hearing impairment is a possibility when marine mammals are exposed to very 
strong sounds.  Temporary threshold shift (TTS) has been demonstrated and studied in certain captive 
odontocetes and pinnipeds exposed to strong sounds (reviewed in Southall et al. 2007).  However,  there 
has been no specific documentation of TTS let alone permanent hearing damage, i.e., permanent 
threshold shift (PTS), in free-ranging marine mammals exposed to sequences of airgun pulses during 
realistic field conditions.  Current National Marine Fisheries Service (NMFS) policy regarding exposure 
of marine mammals to high-level sounds is that cetaceans and pinnipeds should not be exposed to 
impulsive sounds ≥180 and 190 dB re 1 Parms, respectively (NMFS 2000).  Those criteria have been 
used in establishing the safety (=shut-down) radii planned for numerous seismic surveys conducted 
under U.S. jurisdiction.  Those criteria have been used in establishing the safety (=power-down) zones 
for seismic surveys in some parts of Canada.  However, those criteria were established before there was 
any information about the minimum received levels of sounds necessary to cause TTS in marine 
mammals.  As discussed below, the 180 dB criterion for cetaceans is probably quite conservative (i.e., 
lower than necessary to avoid auditory injury), at least for delphinids. 
 
Recommendations for new science-based noise exposure criteria for marine mammals, frequency-
weighting procedures, and related matters were published recently (Southall et al. 2007).  Those 
recommendations have not, as of late-2009, been formally adopted by NMFS for use in regulatory 
processes and during mitigation programs associated with seismic surveys.  However, some aspects of 
the recommendations have been taken into account in certain EISs and small-take authorizations.  
NMFS has indicated that it may issue new noise exposure criteria for marine mammals that account for 
the now-available scientific data on TTS, the expected offset between the TTS and PTS thresholds, 
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differences in the acoustic frequencies to which different marine mammal groups are sensitive, and other 
relevant factors.  Preliminary information about possible changes in the regulatory and mitigation 
requirements, and about the possible structure of new criteria, was given by Wieting (2004) and NMFS 
(2005).   
 
Several aspects of the planned monitoring and mitigation measures for this project are designed to detect 
marine mammals occurring near the airgun array, and to avoid exposing them to sound pulses that 
might, at least in theory, cause hearing impairment.  In addition, many cetaceans and (to a limited 
degree) pinnipeds show some avoidance of the area where received levels of airgun sound are high 
enough such that hearing impairment could potentially occur.  In those cases, the avoidance responses of 
the animals themselves will reduce or (most likely) avoid the possibility of hearing impairment. 
 
Non-auditory physical effects may also occur in marine mammals exposed to strong underwater pulsed 
sound.  Possible types of non-auditory physiological effects or injuries that might (in theory) occur 
include stress, neurological effects, bubble formation, and other types of organ or tissue damage.  It is 
possible that some marine mammal species (i.e., beaked whales) may be especially susceptible to injury 
and/or stranding when exposed to strong pulsed sounds.  The following subsections summarize available 
data on noise-induced hearing impairment and non-auditory physical effects. 
 
Temporary Threshold Shift (TTS) 
 
TTS is the mildest form of hearing impairment that can occur during exposure to a strong sound (Kryter 
1985).  While experiencing TTS, the hearing threshold rises and a sound must be stronger in order to be 
heard.  It is a temporary phenomenon, and (especially when mild) is not considered to represent physical 
damage or “injury” (Southall et al. 2007).  Rather, the onset of TTS is an indicator that, if the animal is 
exposed to higher levels of that sound, physical damage is ultimately a possibility. 
 
The magnitude of TTS depends on the level and duration of noise exposure, and to some degree on 
frequency, among other considerations (Kryter 1985; Richardson et al. 1995; Southall et al. 2007).  For 
sound exposures at or somewhat above the TTS threshold, hearing sensitivity recovers rapidly after 
exposure to the noise ends.  In terrestrial mammals, TTS can last from minutes or hours to (in cases of 
strong TTS) days.  Only a few data have been obtained on sound levels and durations necessary to elicit 
mild TTS in marine mammals (none in mysticetes), and none of the published data concern TTS elicited 
by exposure to multiple pulses of sound during operational seismic surveys (Southall et al. 2007). 
 
Toothed Whales: There are empirical data on the sound exposures that elicit onset of TTS in captive 
bottlenose dolphins and belugas.  The majority of these data concern non-impulse sound, but there are 
some limited published data concerning TTS onset upon exposure to a single pulse of sound from a 
watergun (Finneran et al. 2002).  A detailed review of all TTS data from marine mammals can be found 
in Southall et al. (2007).  The following summarizes some of the key results on odontocetes.  
 
Recent information corroborates earlier expectations that the effect of exposure to strong transient 
sounds is closely related to the total amount of acoustic energy that is received.  Finneran et al. (2005) 
examined the effects of tone duration on TTS in bottlenose dolphins.  Bottlenose dolphins were exposed 
to 3 kHz tones (non-impulsive) for periods of 1, 2, 4 or 8 s, with hearing tested at 4.5 kHz.  For 1 s 
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exposures, TTS occurred with SELs of 197 dB, and for exposures >1 s, SEL >195 dB resulted in TTS 
(SEL is equivalent to energy flux, in dB re 1 μPa2 · s).  At an SEL of 195 dB, the mean TTS (4 min after 
exposure) was 2.8 dB.  Finneran et al. (2005) suggested that an SEL of 195 dB is the likely threshold for 
the onset of TTS in dolphins and belugas exposed to tones of durations 1 to 8 s (i.e., TTS onset occurs at 
a near-constant SEL, independent of exposure duration).  That implies that, at least for non-impulsive 
tones, a doubling of exposure time results in a 3 dB lower TTS threshold. 
 
The assumption that, in marine mammals, the occurrence and magnitude of TTS is a function of 
cumulative acoustic energy (SEL) is probably an oversimplification.  Kastak et al. (2005) reported 
preliminary evidence from pinnipeds that, for prolonged non-impulse noise, higher SELs were required 
to elicit a given TTS if exposure duration was short than if it was longer, i.e., the results were not fully 
consistent with an equal-energy model to predict TTS onset. Mooney et al. (2009a) showed this in a 
bottlenose dolphin exposed to octave-band non-impulse noise ranging from 4 to 8 kHz at SPLs of 130 to 
178 dB re 1 μPa for periods of 1.88 to 30 min. Higher SELs were required to induce a given TTS if 
exposure duration short than if it was longer. Exposure of the aforementioned bottlenose dolphin to a 
sequence of brief sonar signals showed that, with those brief (but non-impulse) sounds, the received 
energy (SEL) necessary to elicit TTS was higher than was the case with exposure to the more prolonged 
octave-band noise (Mooney et al. 2009b). Those authors concluded that, when using (non-impulse) 
acoustic signals of duration ~0.5 s, SEL must be at least 210 to 214 dB re 1 μPa2 · s to induce TTS in the 
bottlenose dolphin.   
 
On the other hand, the TTS threshold for odontocetes exposed to a single impulse from a watergun 
(Finneran et al. 2002) appeared to be somewhat lower than for exposure to non-impulse sound.  This 
was expected, based on evidence from terrestrial mammals showing that broadband pulsed sounds with 
rapid rise times have greater auditory effect than do non-impulse sounds (Southall et al. 2007).  The 
received energy level of a single seismic pulse that caused the onset of mild TTS in the beluga, as 
measured without frequency weighting, was ~186 dB re 1 µPa2 · s or 186 dB SEL (Finneran et al. 
2002).6  The rms level of an airgun pulse (in dB re 1 μPa measured over the duration of the pulse) is 
typically 10 to 15 dB higher than the SEL for the same pulse when received within a few kilometres of 
the airguns.  Thus, a single airgun pulse might need to have a received level of ~196 to 201 dB re 1 
µParms in order to produce brief, mild TTS.  Exposure to several strong seismic pulses that each has a 
flat-weighted received level near 190 dBrms (175 to 180 dB SEL) could result in cumulative exposure of 
~186 dB SEL (flat-weighted) or ~183 dB SEL (Mmf-weighted), and thus slight TTS in a small 
odontocete.  That assumes that the TTS threshold upon exposure to multiple pulses is (to a first 
approximation) a function of the total received pulse energy, without allowance for any recovery 
between pulses. 
  
The above TTS information for odontocetes is derived from studies on the bottlenose dolphin and 
beluga. For the one harbour porpoise tested, the received sound level of airgun sound that elicited onset 
of TTS was lower.  The animal was exposed to single pulses from a small (20 in3) airgun, and auditory 
evoked potential methods were used to test the animal’s hearing sensitivity at frequencies of 4, 32, or 

                                                 
6 If the low-frequency components of the watergun sound used in the experiments of Finneran et al. (2002) are downweighted 
as recommended by Miller et al. (2005a) and Southall et al. (2007) using their Mmf-weighting curve, the effective exposure 
level for onset of mild TTS was 183 dB re 1 μPa2 · s (Southall et al. 2007). 



 

100 kHz after each exposure (Lucke et al. 2009).  Based on the measurements at 4 kHz, TTS occurred 
upon exposure to one airgun pulse with received level ~200 dB re 1 μPapk-pk or an SEL of 164.3 dB re 1 
μPa2 · s. If these results from a single animal are representative, it is inappropriate to assume that onset 
of TTS occurs at similar received levels in all odontocetes (cf. Southall et al. 2007). Some cetaceans 
apparently can incur TTS at considerably lower sound exposures than are necessary to elicit TTS in the 
beluga or bottlenose dolphin. 
 
Insofar as we are aware, there are no published data confirming that the auditory effect of a sequence of 
airgun pulses received by an odontocete is a function of their cumulative energy.  Southall et al. (2007) 
consider that to be a reasonable, but probably somewhat precautionary, assumption.  It is precautionary 
because, based on data from terrestrial mammals, one would expect that a given energy exposure would 
have somewhat less effect if separated into discrete pulses, with potential opportunity for partial 
auditory recovery between pulses.  However, as yet there has been little study of the rate of recovery 
from TTS in marine mammals, and in humans and other terrestrial mammals the available data on 
recovery are quite variable.  Southall et al. (2007) concluded that―until relevant data on recovery are 
available from marine mammals―it is appropriate not to allow for any assumed recovery during the 
intervals between pulses within a pulse sequence.  
 
Additional data are needed to determine the received sound levels at which small odontocetes would 
start to incur TTS upon exposure to repeated, low-frequency pulses of airgun sound with variable 
received levels.  To determine how close an airgun array would need to approach in order to elicit TTS, 
it is necessary to determine the total energy that a mammal would receive as an airgun array approaches, 
passes at various CPA distances, and moves away (e.g., Erbe and King 2009).  At the present state of 
knowledge, it is also necessary to assume that the effect is directly related to total received energy even 
though that energy is received in multiple pulses separated by gaps.  The lack of data on the exposure 
levels necessary to cause TTS in toothed whales when the signal is a series of pulsed sounds, separated 
by silent periods, remains a data gap, as is the lack of published data on TTS in odontocetes other than 
the beluga, bottlenose dolphin, and harbour porpoise. 
 
Baleen Whales: There are no data, direct or indirect, on levels or properties of sound that are required to 
induce TTS in any baleen whale.  The frequencies to which mysticetes are most sensitive are assumed to 
be lower than those to which odontocetes are most sensitive, and natural background noise levels at 
those low frequencies tend to be higher.  As a result, auditory thresholds of baleen whales within their 
frequency band of best hearing are believed to be higher (less sensitive) than are those of odontocetes at 
their best frequencies (Clark and Ellison 2004).  From this, it is suspected that received levels causing 
TTS onset may also be higher in mysticetes (Southall et al. 2007).  However, based on preliminary 
simulation modeling that attempted to allow for various uncertainties in assumptions and variability 
around population means, Gedamke et al. (2008) suggested that some baleen whales whose closest point 
of approach to a seismic vessel is 1 km or more could experience TTS or even PTS. 
 
In practice during seismic surveys, few if any cases of TTS are expected given the strong likelihood that 
baleen whales would avoid the approaching airguns (or vessel) before being exposed to levels high 
enough for there to be any possibility of TTS (see above for evidence concerning avoidance responses 
by baleen whales).  This assumes that the ramp-up (soft-start) procedure is used when commencing 
airgun operations, to give whales near the vessel the opportunity to move away before they are exposed 
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to sound levels that might be strong enough to elicit TTS.  As discussed earlier, single-airgun 
experiments with bowhead, grey, and humpback whales show that those species do tend to move away 
when a single airgun starts firing nearby, which simulates the onset of a ramp-up.7 
 
Pinnipeds:  In pinnipeds, TTS thresholds associated with exposure to brief pulses (single or multiple) of 
underwater sound have not been measured.  Two California sea lions did not incur TTS when exposed to 
single brief pulses with received levels of ~178 and 183 dB re 1 µParms and total energy fluxes of 161 
and 163 dB re 1 μPa2 · s (Finneran et al. 2003).  However, initial evidence from more prolonged (non-
pulse) exposures suggested that some pinnipeds (harbour seals in particular) incur TTS at somewhat 
lower received levels than do small odontocetes exposed for similar durations (Kastak et al. 1999, 2005; 
Ketten et al. 2001).  Kastak et al. (2005) reported that the amount of threshold shift increased with 
increasing SEL in a California sea lion and harbour seal.  They noted that, for non-impulse sound, 
doubling the exposure duration from 25 to 50 min (i.e., a +3 dB change in SEL) had a greater effect on 
TTS than an increase of 15 dB (95 vs. 80 dB) in exposure level.  Mean threshold shifts ranged from 2.9 
to 12.2 dB, with full recovery within 24 h (Kastak et al. 2005).  Kastak et al. (2005) suggested that, for 
non-impulse sound, SELs resulting in TTS onset in three species of pinnipeds may range from 183 to 
206 dB re 1 μPa2 · s, depending on the absolute hearing sensitivity.   
 
As noted above for odontocetes, it is expected that—for impulse as opposed to non-impulse sound—the 
onset of TTS would occur at a lower cumulative SEL given the assumed greater auditory effect of 
broadband impulses with rapid rise times.  The threshold for onset of mild TTS upon exposure of a 
harbour seal to impulse sounds has been estimated indirectly as being an SEL of ~171 dB re 1 μPa2 · s 
(Southall et al. 2007).  That would be approximately equivalent to a single pulse with received level 
~181 to 186 dB re 1 μParms, or a series of pulses for which the highest rms values are a few dB lower. 
 
At least for non-impulse sounds, TTS onset occurs at appreciably higher received levels in California 
sea lions and northern elephant seals than in harbour seals (Kastak et al. 2005).  Thus, the former two 
species would presumably need to be closer to an airgun array than would a harbour seal before TTS is a 
possibility.  Insofar as we are aware, there are no data to indicate whether the TTS thresholds of other 
pinniped species are more similar to those of the harbour seal or to those of the two less-sensitive 
species. 
 
Sea Turtles: Few studies have directly investigated hearing or noise-induced hearing loss in sea turtles.  
Moein et al. (1994) studied the effect of sound pulses from a single airgun of unspecified size on 
loggerhead sea turtles.  Apparent TTS was observed after exposure to a few hundred airgun pulses at 
distances no more than 65 m.  The hearing capabilities had returned to “normal” when the turtles were 
re-tested two weeks later.  Studies with terrestrial reptiles have also demonstrated that exposure to 
impulse noise can cause hearing loss.  For example, desert tortoises (Gopherus agassizii) exhibited TTS 
after exposure to repeated high-intensity sonic booms (Bowles et al. 1999).  Recovery from these 
temporary hearing losses was usually rapid (<1 h), which suggested that tortoises can tolerate these 

                                                 
7 Three species of baleen whales that have been exposed to the onset of pulses from single airguns showed avoidance, specifically 
grey whales [Malme et al. 1984, 1986, 1988]; bowhead whales [Richardson et al. 1986, Ljungblad et al. 1988] and humpback 
whales [Malme et al. 1985, McCauley et al. 1998, 2000a, b].  Since startup of a single airgun is equivalent to the start of a ramp-up 
(=soft start), this strongly suggests that many baleen whales will begin to move away during the initial stages of a ramp-up. 



 

exposures without permanent injury (Bowles et al. 1999).  However, there are no data to indicate 
whether or not there are any plausible situations in which exposure to repeated airgun pulses at close 
range could cause permanent hearing impairment in sea turtles. 
 
Turtles in the area of seismic operations prior to start-up may not have time to move out of the area even 
if standard ramp-up (=soft-start) procedures are in effect.  It has been proposed that sea turtles require a 
longer ramp-up period because of their relatively slow swimming speeds (Eckert 2000).  However, it is 
unclear at what distance from a seismic source sea turtles will sustain hearing impairment, and whether 
there would ever be a possibility of exposure to sufficiently high levels for a sufficiently long period to 
cause irreversible hearing damage. 
 
Likelihood of Incurring TTS: A marine mammal within a radius of 100 m around a typical array of 
operating airguns might be exposed to a few seismic pulses with levels of 205 dB, and possibly more 
pulses if the mammal moved with the seismic vessel. 
 
Most cetaceans show some degree of avoidance of seismic vessels operating an airgun array (see above).  
It is unlikely that these cetaceans would be exposed to airgun pulses at a sufficiently high level for a 
sufficiently long period to cause more than mild TTS, given the relative movement of the vessel and the 
marine mammal.  TTS would be more likely in any odontocetes that bow- or wake-ride or otherwise 
linger near the airguns.  However, while bow- or wake-riding, odontocetes would be at the surface and 
thus not exposed to strong sound pulses given the pressure-release and Lloyd Mirror effects at the 
surface.  But if bow- or wake-riding animals were to dive intermittently near airguns, they would be 
exposed to strong sound pulses, possibly repeatedly.  
 
If some cetaceans did incur mild or moderate TTS through exposure to airgun sounds in this manner, 
this would very likely be a temporary and reversible phenomenon.  However, even a temporary 
reduction in hearing sensitivity could be deleterious in the event that, during that period of reduced 
sensitivity, a marine mammal needed its full hearing sensitivity to detect approaching predators, or for 
some other reason. 
 
Some pinnipeds show avoidance reactions to airguns, but their avoidance reactions are generally not as 
strong or consistent as those of cetaceans.  Pinnipeds occasionally seem to be attracted to operating 
seismic vessels.  There are no specific data on TTS thresholds of pinnipeds exposed to single or multiple 
low-frequency pulses.  However, given the indirect indications of a lower TTS threshold for the harbour 
seal than for odontocetes exposed to impulse sound (see above), it is possible that some pinnipeds close 
to a large airgun array could incur TTS.  
 
NMFS (1995, 2000) concluded that cetaceans should not be exposed to pulsed underwater noise at 
received levels >180 dB re 1 µParms.  The corresponding limit for pinnipeds has been set by NMFS at 
190 dB, although the HESS Team (HESS 1999) recommended a 180 dB limit for pinnipeds in 
California.  The 180 and 190 dB re 1 µParms levels have not been considered to be the levels above 
which TTS might occur.  Rather, they were the received levels above which, in the view of a panel of 
bioacoustics specialists convened by NMFS before TTS measurements for marine mammals started to 
become available, one could not be certain that there would be no injurious effects, auditory or 
otherwise, to marine mammals.  As summarized above, data that are now available imply that TTS is 
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unlikely to occur in various odontocetes (and probably mysticetes as well) unless they are exposed to a 
sequence of several airgun pulses in which the strongest pulse has a received level substantially 
exceeding 190 dB re 1 µParms.  On the other hand, for the harbour seal, harbour porpoise, and perhaps 
some other species, TTS may occur upon exposure to one or more airgun pulses whose received level 
equals the NMFS “do not exceed” value of 190 dB re 1 μParms.  That criterion corresponds to a single 
pulse SEL of 175 to 180 dB re 1 μPa2 · s in typical conditions, whereas TTS is suspected to be possible 
in harbour seals and harbour porpoises with a cumulative SEL of ~171 and ~164 dB re 1 μPa2 · s, 
respectively. 
 
It has been shown that most large whales and many smaller odontocetes (especially the harbour 
porpoise) show at least localized avoidance of ships and/or seismic operations (see above).  Even when 
avoidance is limited to the area within a few hundred metres of an airgun array, that should usually be 
sufficient to avoid the possibility of TTS based on what is currently known about thresholds for TTS 
onset in cetaceans.  In addition, ramping up airgun arrays, which is standard operational protocol for 
many seismic operators, should allow cetaceans near the airguns at the time of startup to move away 
from the seismic source and to avoid being exposed to the full acoustic output of the airgun array (see 
above).  Thus, most baleen whales likely will not be exposed to high levels of airgun sounds provided 
the ramp-up procedure is applied.  Likewise, many odontocetes close to the trackline are likely to move 
away before the sounds from an approaching seismic vessel become sufficiently strong for there to be 
any potential for TTS or other hearing impairment.  Therefore, there is little potential for baleen whales 
or odontocetes that show avoidance of ships or airguns to be close enough to an airgun array to 
experience TTS.  In the event that a few individual cetaceans did incur TTS through exposure to strong 
airgun sounds, this is a temporary and reversible phenomenon unless the exposure exceeds the TTS-
onset threshold by a sufficient amount for PTS to be incurred (see below).  If TTS but not PTS were 
incurred, it would most likely be mild, in which case recovery is expected to be quick (probably within 
minutes). 
 
Polar Bear:  There are no available data on TTS in polar bears.  However, TTS is considered unlikely to 
occur in polar bears if they are swimming with their head above the water surface or on land, given 
pressure release effects at the water’s surface. 
 
Sea Turtles:  There have been few studies that have directly investigated hearing or noise-induced 
hearing loss in sea turtles.  The apparent occurrence of TTS in loggerhead turtles exposed to many 
pulses from a single airgun 65 m away (Moein et al. 1994) suggests that sounds from an airgun array 
could cause at least temporary hearing impairment in sea turtles if they do not avoid the (unknown) 
radius where TTS occurs.  There is also the possibility of permanent hearing damage to turtles close to 
the airguns.  However, there are few data on temporary hearing loss and no data on permanent hearing 
loss in sea turtles exposed to airgun pulses. 
 
Permanent Threshold Shift (PTS) 
 
When PTS occurs, there is physical damage to the sound receptors in the ear.  In some cases, there can 
be total or partial deafness, whereas in other cases, the animal has an impaired ability to hear sounds in 
specific frequency ranges (Kryter 1985).  Physical damage to a mammal’s hearing apparatus can occur if 
it is exposed to sound impulses that have very high peak pressures, especially if they have very short rise 
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times.  [Rise time is the interval required for sound pressure to increase from the baseline pressure to 
peak pressure.] 
 
There is no specific evidence that exposure to pulses of airgun sound can cause PTS in any marine 
mammal or sea turtle, even with large arrays of airguns.  However, given the likelihood that some 
animals close to an airgun array might incur at least mild TTS (see above), there has been further 
speculation about the possibility that some individuals occurring very close to airguns might incur PTS 
(e.g., Richardson et al. 1995, p. 372ff; Gedamke et al. 2008).  Single or occasional occurrences of mild 
TTS are not indicative of permanent auditory damage, but repeated or (in some cases) single exposures 
to a level well above that causing TTS onset might elicit PTS. 
 
Relationships between TTS and PTS thresholds have not been studied in marine mammals, but are 
assumed to be similar to those in humans and other terrestrial mammals (Southall et al. 2007).  Based on 
data from terrestrial mammals, a precautionary assumption is that the PTS threshold for impulse sounds 
(such as airgun pulses as received close to the source) is at least 6 dB higher than the TTS threshold on a 
peak-pressure basis, and probably >6 dB higher (Southall et al. 2007).  The low-to-moderate levels of 
TTS that have been induced in captive odontocetes and pinnipeds during controlled studies of TTS have 
been confirmed to be temporary, with no measurable residual PTS (Kastak et al. 1999; Schlundt et al. 
2000; Finneran et al. 2002, 2005; Nachtigall et al. 2003, 2004).  However, very prolonged exposure to 
sound strong enough to elicit TTS, or shorter-term exposure to sound levels well above the TTS 
threshold, can cause PTS, at least in terrestrial mammals (Kryter 1985).  In terrestrial mammals, the 
received sound level from a single non-impulsive sound exposure must be far above the TTS threshold 
for any risk of permanent hearing damage (Kryter 1994; Richardson et al. 1995; Southall et al. 2007).  
However, there is special concern about strong sounds whose pulses have very rapid rise times.  In 
terrestrial mammals, there are situations when pulses with rapid rise times (e.g., from explosions) can 
result in PTS even though their peak levels are only a few dB higher than the level causing slight TTS.  
The rise time of airgun pulses is fast, but not as fast as that of an explosion. 
 
Some factors that contribute to onset of PTS, at least in terrestrial mammals, are as follows: 
 

 exposure to single very intense sound; 
 fast rise time from baseline to peak pressure; 
 repetitive exposure to intense sounds that individually cause TTS but not PTS; and  
 recurrent ear infections or (in captive animals) exposure to certain drugs. 

 
Cavanagh (2000) reviewed the thresholds used to define TTS and PTS.  Based on this review and 
SACLANT (1998), it is reasonable to assume that PTS might occur at a received sound level 20 dB or 
more above that inducing mild TTS.  However, for PTS to occur at a received level only 20 dB above 
the TTS threshold, the animal probably would have to be exposed to a strong sound for an extended 
period, or to a strong sound with rather rapid rise time.   
 
More recently, Southall et al. (2007) estimated that received levels would need to exceed the TTS 
threshold by at least 15 dB, on an SEL basis, for there to be risk of PTS.  Thus, for cetaceans exposed to 
a sequence of sound pulses, they estimate that the PTS threshold might be an M-weighted SEL (for the 

Environmental Assessment of Chevron’s Offshore Labrador Seismic Program, 2010-2017 Page 193 



 

sequence of received pulses) of ~198 dB re 1 μPa2 · s (15 dB higher than the Mmf-weighted TTS 
threshold, in a beluga, for a watergun impulse).  Additional assumptions had to be made to derive a 
corresponding estimate for pinnipeds, as the only available data on TTS-thresholds in pinnipeds pertain 
to non-impulse sound (see above).  Southall et al. (2007) estimated that the PTS threshold could be a 
cumulative Mpw-weighted SEL of ~186 dB re 1 μPa2 · s in the case of a harbour seal exposed to impulse 
sound.  The PTS threshold for the California sea lion and northern elephant seal would probably be 
higher given the higher TTS thresholds in those species.  Southall et al. (2007) also note that, regardless 
of the SEL, there is concern about the possibility of PTS if a cetacean or pinniped received one or more 
pulses with peak pressure exceeding 230 or 218 dB re 1 μPa, respectively.  Thus, PTS might be expected 
upon exposure of cetaceans to either SEL ≥198 dB re 1 μPa2 · s or peak pressure ≥230 dB re 1 μPa. 
Corresponding proposed dual criteria for pinnipeds (at least harbour seals) are ≥186 dB SEL and ≥ 218 
dB peak pressure (Southall et al. 2007).  These estimates are all first approximations, given the limited 
underlying data, assumptions, species differences, and evidence that the “equal energy” model is not be 
entirely correct. 
 
Sound impulse duration, peak amplitude, rise time, number of pulses, and inter-pulse interval are the 
main factors thought to determine the onset and extent of PTS.  Ketten (1994) has noted that the criteria 
for differentiating the sound pressure levels that result in PTS (or TTS) are location and species-specific.  
PTS effects may also be influenced strongly by the health of the receiver’s ear.   
 
As described above for TTS, in estimating the amount of sound energy required to elicit the onset of 
TTS (and PTS), it is assumed that the auditory effect of a given cumulative SEL from a series of pulses 
is the same as if that amount of sound energy were received as a single strong sound.  There are no data 
from marine mammals concerning the occurrence or magnitude of a potential partial recovery effect 
between pulses.  In deriving the estimates of PTS (and TTS) thresholds quoted here, Southall et al. 
(2007) made the precautionary assumption that no recovery would occur between pulses. 
 
The TTS section (above) concludes that exposure to several strong seismic pulses that each have flat-
weighted received levels near 190 dB re 1 μParms (175 to 180 dB re 1 μPa2 · s SEL) could result in 
cumulative exposure of ~186 dB SEL (flat-weighted) or ~183 dB SEL (Mmf-weighted), and thus slight 
TTS in a small odontocete.  Allowing for the assumed 15 dB offset, expressed on an SEL basis, between 
PTS and TTS thresholds, exposure to several strong seismic pulses that each have flat-weighted received 
levels near 205 dBrms (190 to 195 dB SEL) could result in cumulative exposure of ~198 dB SEL (Mmf-
weighted), and thus slight PTS in a small odontocete.  However, the levels of successive pulses that will 
be received by a marine mammal that is below the surface as a seismic vessel approaches, passes and 
moves away will tend to increase gradually and then decrease gradually, with periodic decreases 
superimposed on this pattern when the animal comes to the surface to breathe.  To estimate how close an 
odontocete’s CPA distance would have to be for the cumulative SEL to exceed 198 dB SEL (Mmf-
weighted), one would (as a minimum) need to allow for the sequence of distances at which airgun shots 
would occur, and for the dependence of received SEL on distance in the region of the seismic operation 
(e.g., Erbe and King 2009).  
 
It is unlikely that an odontocete would remain close enough to a large airgun array long enough to incur 
PTS.  There is some concern about bow-riding odontocetes, but for animals at or near the surface, 
auditory effects are reduced by Lloyd’s mirror and surface release effects.  The presence of the vessel 
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between the airgun array and bow-riding odontocetes could also, in some but probably not all cases 
reduce the levels received by bow-riding animals (e.g., Gabriele and Kipple 2009). The TTS (and thus 
PTS) thresholds of baleen whales are unknown but, as an interim measure, assumed to be no lower than 
those of odontocetes.  Also, baleen whales generally avoid the immediate area around operating seismic 
vessels, so it is unlikely that a baleen whale could incur PTS from exposure to airgun pulses.  The TTS 
(and thus PTS) thresholds of some pinnipeds (e.g., harbour seal) as well as the harbour porpoise may be 
lower (Kastak et al. 2005; Southall et al. 2007; Lucke et al. 2009).  If so, TTS and potentially PTS may 
extend to a somewhat greater distance for those animals.  Again, Lloyd’s mirror and surface release 
effects will ameliorate the effects for animals at or near the surface. 
 
In theory, a reduction in hearing sensitivity, either temporary or permanent, may be harmful for sea 
turtles.  However, very little is known about the role of sound perception in the sea turtle’s normal 
activities.  Hence, it is not possible to estimate how much of a problem it would be for a turtle to have 
either temporary or permanent hearing impairment.  It is noted above that sea turtles are unlikely to use 
passive reception of acoustic signals to detect the hunting sonar of killer whales, because the echo-
location signals of killer whales are likely inaudible to sea turtles.  Hearing is also unlikely to play a 
major role in their navigation.  However, hearing impairment, either temporary or permanent, might 
inhibit a turtle’s ability to avoid injury from vessels, because they may not hear them in time to move 
out of their way.  In any event, sea turtles are unlikely to be at great risk of hearing impairment. 
 
Although it is unlikely that airgun operations during most seismic surveys would cause PTS in marine 
mammals or sea turtles, caution is warranted given the limited knowledge about noise-induced hearing 
damage in marine mammals, particularly baleen whales, pinnipeds, and sea turtles; 
 

 the limited knowledge about noise-induced hearing damage in marine mammals (and sea 
turtles); 

 the seemingly greater susceptibility of certain species (e.g., harbour porpoise and harbour 
seal) to TTS and presumably also PTS; and 

 the lack of knowledge about TTS and PTS thresholds in many species, including various 
species closely related to the harbour porpoise and harbour seal. 

 
The avoidance reactions of many marine mammals and sea turtles, along with commonly-applied 
monitoring and mitigation measures (visual and passive acoustic monitoring, ramp-ups, and power 
downs or shut downs when mammals are detected within or approaching the “safety radii”), would 
reduce the already-low probability of exposure of marine mammals and sea turtles to sounds strong 
enough to induce PTS. 
 
(E)  Physical and Non-Auditory Physiological Effects 
 
Strandings and Mortality 
 
Marine mammals close to underwater detonations of high explosives can be killed or severely injured, 
and the auditory organs are especially susceptible to injury (Ketten et al. 1993; Ketten 1995).  However, 
explosives are no longer used in marine waters for commercial seismic surveys or (with rare exceptions) 
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for seismic research; they have been replaced by airguns and other non-explosive sources.  Airgun 
pulses are less energetic and have slower rise times, and there is no specific evidence that they can cause 
serious injury, death, or stranding even in the case of large airgun arrays.  However, the association of 
mass strandings of beaked whales with naval exercises and, in one case, a seismic survey (Malakoff 
2002; Cox et al. 2006), has raised the possibility that beaked whales exposed to strong “pulsed” sounds 
may be especially susceptible to injury and/or behavioural reactions that can lead to stranding (e.g., 
Hildebrand 2005; Southall et al. 2007).  Hildebrand (2005) reviewed the association of cetacean 
strandings with high-intensity sound events and found that deep-diving odontocetes, primarily beaked 
whales, were by far the predominant (95%) cetaceans associated with these events, with 2% mysticete 
whales (minke).  However, as summarized below, there is no definitive evidence that airguns can lead to 
injury, strandings, or mortality even for marine mammals in close proximity to large airgun arrays.   
 
Specific sound-related processes that may lead to strandings and mortality are not well documented, but 
may include (1) swimming in avoidance of a sound into shallow water; (2) a change in behaviour (such 
as a change in diving behaviour that might contribute to tissue damage, gas bubble formation, hypoxia, 
cardiac arrhythmia, hypertensive hemorrhage or other forms of trauma; (3) a physiological change such 
as a vestibular response leading to a behavioural change or stress-induced hemorrhagic diathesis, leading 
in turn to tissue damage; and (4) tissue damage directly from sound exposure, such as through 
acoustically mediated bubble formation and growth or acoustic resonance of tissues.  Some of these 
mechanisms are unlikely to apply in the case of impulse sounds.  However, there are increasing 
indications that gas-bubble disease (analogous to “the bends”), induced in supersaturated tissue by a 
behavioural response to acoustic exposure, could be a pathologic mechanism for the strandings and 
mortality of some deep-diving cetaceans exposed to sonar.  The evidence for this remains circumstantial 
and associated with exposure to naval mid-frequency sonar, not seismic surveys (Cox et al. 2006; 
Southall et al. 2007).  
 
Seismic pulses and mid-frequency sonar signals are quite different, and some mechanisms by which 
sonar sounds have been hypothesized to affect beaked whales are unlikely to apply to airgun pulses.  
Sounds produced by airgun arrays are broadband impulses with most of the energy below 1 kHz.  
Typical military mid-frequency sonars emit non-impulse sounds at frequencies of 2 to 10 kHz, generally 
with a relatively narrow bandwidth at any one time (though the frequency may change over time).  Thus, 
it is not appropriate to assume that the effects of seismic surveys on beaked whales or other species 
would be the same as the apparent effects of military sonar.  For example, resonance effects (Gentry 
2002) and acoustically-mediated bubble-growth (Crum et al. 2005) are implausible in the case of 
exposure to broadband airgun pulses.  Nonetheless, evidence that sonar signals can, in special 
circumstances, lead (at least indirectly) to physical damage and mortality (e.g., Balcomb and Claridge 
2001; NOAA and USN 2001; Jepson et al. 2003; Fernández et al. 2004, 2005; Hildebrand 2005; Cox et 
al. 2006) suggests that caution is warranted when dealing with exposure of marine mammals to any 
high-intensity “pulsed” sound. 
 
There is no conclusive evidence of cetacean strandings or deaths at sea as a result of exposure to seismic 
surveys, but a few cases of strandings in the general area where a seismic survey was ongoing have led 
to speculation concerning a possible link between seismic surveys and strandings.  Suggestions that 
there was a link between seismic surveys and strandings of humpback whales in Brazil (Engel et al. 
2004) were not well founded (IAGC 2004; IWC 2007).   In September 2002, there was a stranding of 
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two Cuvier’s beaked whales in the Gulf of California, Mexico, when the L-DEO seismic vessel R/V 
Maurice Ewing was operating a 20 airgun, 8490 in3 airgun array in the general area.  The evidence 
linking the stranding to the seismic survey was inconclusive and not based on any physical evidence 
(Hogarth 2002; Yoder 2002).  The ship was also operating its multibeam echosounder at the same time, 
but this had much less potential than the aforementioned naval sonars to affect beaked whales, given its 
downward-directed beams, much shorter pulse durations, and lower duty cycle.  Nonetheless, the Gulf 
of California incident plus the beaked whale strandings near naval exercises involving use of mid-
frequency sonar suggest a need for caution in conducting seismic surveys in areas occupied by beaked 
whales until more is known about effects of seismic surveys on those species (Hildebrand 2005). 
 
The monitoring and mitigation measures built into the planned work reduce the risk to beaked whales 
(and other species of cetaceans) that might otherwise exist.  Use of ramp-up procedures, in conjunction 
with the (presumed) natural tendency of beaked whales to avoid an approaching vessel, will reduce 
exposure. 
 
Other potential direct physical effects to sea turtles during seismic operations include entanglement with 
seismic gear (e.g., cables, buoys, streamers, etc.) and ship strike (Pendoley 1997; Ketos Ecology 2007; 
Weir 2007; Hazel et al. 2007).  Entanglement of sea turtles with marine debris, fishing gear, dredging 
operations, and equipment operations are a documented occurrence and of elevated concern for sea 
turtles.  Turtles can become wrapped around cables, lines, nets, or other objects suspended in the water 
column and become injured or fatally wounded, drowned, or suffocated (e.g., Lutcavage et al. 1997; 
NMFS 2007).  Seismic personnel have reported that sea turtles (number unspecified) became fatally 
entrapped between gaps in tail-buoys associated with industrial seismic vessel gear deployed off West 
Africa in 2003 (Weir 2007).  With dedicated monitoring by trained biological observers, no incidents of 
entanglements of sea turtles with this gear have been documented in over 40,000 n.mi. (74,000 km) of 
previous NSF-funded seismic surveys (e.g., Smultea and Holst 2003; Haley and Koski 2004; Holst 
2004; Smultea et al. 2004; Holst et al. 2005a,b; Holst and Smultea 2008).  Towing of the hydrophone 
streamer or other equipment is not expected to significantly interfere with sea turtle movements, 
including migration, unless they were to become entrapped as indicated above. 
 
The Labrador Shelf, including the Project Area, is not a breeding area for sea turtles and it is not known 
or thought to be an important feeding area, and thus it is not expected that high concentrations of sea 
turtles could potentially be physically affected. 
 
Non-auditory Physiological Effects 
 
Based on evidence from terrestrial mammals and humans, sound is a potential source of stress (Wright 
and Kuczaj 2007; Wright et al. 2007a,b, 2009).  However, almost no information is available on sound-
induced stress in marine mammals, or on its potential (alone or in combination with other stressors) to 
affect the long-term well-being or reproductive success of marine mammals (Fair and Becker 2000; 
Hildebrand 2005; Wright et al. 2007a,b). Such long-term effects, if they occur, would be mainly 
associated with chronic noise exposure, which is characteristic of some seismic surveys and exposure 
situations (McCauley et al. 2000a:62ff; Nieukirk et al. 2009) but not of some others. 
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Available data on potential stress-related impacts of anthropogenic noise on marine mammals are 
extremely limited, and additional research on this topic is needed.  We know of only two specific studies 
of noise-induced stress in marine mammals.  Romano et al. (2004) examined the effects of single 
underwater impulse sounds from a seismic water gun (source level up to 228 dB re 1 μPa · mp–p) and 
single short-duration pure tones (sound pressure level up to 201 dB re 1 μPa) on the nervous and 
immune systems of a beluga and a bottlenose dolphin. They found that neural-immune changes to noise 
exposure were minimal. Although levels of some stress-released substances (e.g., catecholamines) 
changed significantly with exposure to sound, levels returned to baseline after 24 h.  During playbacks 
of recorded drilling noise to four captive beluga whales, Thomas et al. (1990) found no changes in blood 
levels of stress-related hormones. Long-term effects were not measured, and no short-term effects were 
detected. For both studies, caution is necessary when extrapolating these results to wild animals and to 
real-world situations given the small sample sizes, use of captive animals, and other technical limitations 
of the two studies. 
 
In summary, very little is known about the potential for seismic survey sounds (or other types of strong 
underwater sounds) to cause direct physical and non-auditory physiological effects in marine mammals 
or sea turtles.  Such effects, if they occur at all, would presumably be limited to short distances and to 
activities that extend over a prolonged period.  The available data do not allow identification of a 
specific exposure level above which non-auditory effects can be expected (Southall et al. 2007), or any 
meaningful quantitative predictions of the numbers (if any) of marine mammals that might be affected in 
these ways. 
 
Sound Effects – Summary 
 
Based on the above review, marine mammals and sea turtles will likely exhibit certain behavioural 
reactions, including displacement from an area around a seismic and some geohazard acoustic sources.  
The size of this displacement area will likely vary amongst species, during different times of the year, 
and even amongst individuals within a given species.  There is also a risk that marine mammals (and 
perhaps sea turtles) that are very close to a seismic array may incur temporary hearing impairment.  The 
assessment of impacts presented here is based upon the best available information; however, there are 
data gaps that limit the certainty of these impact predictions.  Note that we have discussed potential 
impacts separately for toothed whales, baleen whales, seals, polar bears, and sea turtles given their 
different hearing abilities and sensitivities to sound. Potential interactions between Project activities and 
marine mammals and sea turtles are shown in Table 5.11. 
 
Sound Criteria for Assessing Impacts 
 
Impact zones for marine mammals are commonly defined by the areas within which specific received 
sound level thresholds are exceeded.  The U.S NMFS (1995, 2000) has concluded that cetaceans should 
not be exposed to pulsed underwater noise at received levels exceeding 180 dB re 1 µPa (rms).  The 
corresponding limit for seals has been set at 190 dB re 1 µPa (rms).  These sound levels are the received 
levels above which, in the view of a panel of bioacoustics specialists convened by NMFS, one cannot be 
certain that there will be no injurious effects, auditory or otherwise, to marine mammals.  For over a 
decade, it has been common for marine seismic surveys conducted in some areas of U.S. jurisdiction and 
in some areas of Canada (Canadian Beaufort Sea and on the Scotian Shelf), to include a “shutdown”  
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requirement for cetaceans based on the distance from the airgun array at which the received level of 
underwater sounds is expected to diminish below 180 dB re 1 μPa (rms).  An additional criterion that is 
often used in predicting “disturbance” impacts is 160 dB re 1 Pa; at this received level, some marine 
mammals exhibit behavioural effects.  There is ongoing debate about the appropriateness of these 
parameters for impact predictions and mitigation (see Appendix C in LGL 2007a).   
 
Table 5.11 Potential interactions between the Project and the (1) Marine Mammal and (2) Sea 

Turtle VECs. 
 

Valued Ecosystem Components:  (1) Marine Mammals (2) Sea Turtles 
Project Activities Toothed Whales Baleen Whales Seals Sea Turtles 

Vessel Lights     
Sanitary/ 
Domestic Waste 

X X X X 

Air Emissions X X X X 
Garbage a      
Sound     
  Seismic Vessel X X X X 
  Seismic Array X X X X 
  Supply Vessel X X X X 
  Picket Vessel X X X X 
  Geohazard Vessel X X X X 
  Helicopter b X X X X 
  Echo Sounder X X X X 
  Side Scan Sonar X X X X 
  Boomer X X X X 
Presence of Vessels     
  Seismic Vessel X X X X 
  Supply Vessel X X X X 
  Picket Vessel X X X X 
  Geohazard Vessel X X X X 
Helicopters b X X X X 
Shore Facilities c      
Accidental Spills X X X X 
OTHER PROJECTS AND ACTIVITIES 
Oil and Gas Activities on 
the Labrador Shelf 

X X X X 

Oil and Gas Activities on 
the Grand Banks 

X X X X 

Fisheries X X X X 
Marine Transportation X X X X 
a Not applicable as garbage will be brought ashore. 
b A crew change may occur via helicopter if the seismic program is longer than 5 to 6 weeks. 
c There will not be any new onshore facilities.  Existing infrastructure will be used. 

 
For marine seismic programs in Newfoundland and Labrador, the C-NLOPB (2008) recommends that 
seismic operators follow the “Statement of Canadian Practice with Respect to the Mitigation of Seismic 
Sound in the Marine Environment” (hereafter referred to as the Statement) issued by the DFO.  The 
Statement does not include noise criteria as part of the recommended mitigation measures, rather it 
defines (see Point 6.a) a safety zone as “a circle with a radius of at least 500 metres as measured from 
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the centre of the air source array (s)”.  The Statement does not provide the specific objective of 
establishing the safety zone or rationale for using 500 m.   
 
In the absence of site-specific acoustic modeling, we have used the acoustic monitoring results in Austin 
and Carr (2005) to provide guidance on the ranges one might expect sound levels to be 190, 180 and  
160 dB re 1 µPa (rms) (from a 28 airgun 3090 in3 array).  The 180 and 190 dB zones were estimated at 
700 m and 300 m, respectively.  The 160 dB zone occurred at distances of 5123 m to 6393 m.   We used 
the distance of 6.5 km as a guide when estimating disturbance effects on marine mammals.  We 
recognize that the distances from airgun arrays where received sound levels exceed these noise criteria 
are dependent upon site-specific variations in the environment that influence underwater sound 
propagation.    
 
Assessment of Effects of Sound on Marine Mammal VEC 
 
The marine mammal effects assessment is summarized in Table 5.12 and discussed in detail below. 
 
Table 5.12 Assessment of effects on the Marine Mammal VEC. 
 

Valued Ecosystem Components:  Marine Mammals 

Evaluation Criteria for Assessing Environmental Effects 

Project Activity 
 

Potential Positive (P) or 
Negative (N) 
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Sanitary/Domestic 
Waste 

Increased Food (N/P) - 0-1 1 1 1-2 R 1 

Air Emissions  Surface Contaminants (N) - 0 1 1 1-2 R 1 

Sound         

Seismic Array 
Hearing Impairment (N) 
Physical Effects (N) 

Ramp-up; 
Delay Start; 
Shutdown a 

0-1 1-2 1 1-2 R 1 

Seismic Array Disturbance (N) 
Ramp-up; 
Delay Start; 
Shutdown a 

1 3-4 1 1-2 R 1 

Seismic Vessel Disturbance (N)  0-1 1-2 1 1-2 R 1 

Supply Vessel Disturbance (N)  0-1 1-2 1 1 R 1 

Picket Vessel Disturbance (N)  0-1 1-2 1 1 R 1 

Geohazard Vessel Disturbance (N)  0-1 1-2 1 1 R 1 

Helicopter b Disturbance (N)  0-1 1-2 1 1 R 1 

Echo Sounder Disturbance (N)  0-1 1 1 1 R 1 

Side Scan Sonar Disturbance (N)  0-1 1 1 1 R 1 

Boomer Disturbance (N) 

Gradual Power 
Increase; Delay 
Start; 
Shutdown a 

0-1 1-2 1 1 R 1 

Presence of 
Vessels 
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Valued Ecosystem Components:  Marine Mammals 

Evaluation Criteria for Assessing Environmental Effects 

Project Activity 
 

Potential Positive (P) or 
Negative (N) 

Environmental Effect 
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  Seismic Vessel Disturbance (N)  0-1 1 1 1-2 R 1 

Supply Vessel Disturbance (N)  0-1 1 1 1 R 1 

Picket Vessel Disturbance (N)  0-1 1 1 1 R 1 

Geohazard Vessel Disturbance (N)  0-1 1 1 1 R 1 

Helicopter b  Disturbance (N) 
Maintain high 
altitude 

0-1 1-2 1 1 R 1 

Accidental Spills Injury/Mortality (N) 
Solid streamerc; 
Spill Response 

1 1-2 1 1 R 1 

Key: 
Magnitude: Frequency: Reversibility: Duration: 
0 =  Negligible,  1 =  <11 events/yr R =  Reversible 1 = <1 month 
 essentially no effect 2 = 11-50 events/yr I = Irreversible 2 = 1-12 months  
1 = Low 3 = 51-100 events/yr (refers to population) 3 = 13-36 months 
2 = Medium 4 = 101-200 events/yr   4 = 37-72 months 
3 = High 5 = >200 events/yr   5 = >72 months 
  6 = continuous 
 
Geographic Extent: Ecological/Socio-cultural and Economic Context: 
1 = <1 km2 1 = Relatively pristine area or area not negatively affected by human activity 
2 = 1-10 km2 2 = Evidence of existing negative effects 
3 = 11-100 km2  
4 = 101-1,000 km2  
5 = 1,001-10,000 km2 
6 = >10,000 km2 
a   The airgun arrays will be shutdown if an endangered (or threatened) marine mammal or sea turtle is sighted within 500 m of the array. 
b A crew change may occur via helicopter if the seismic program is longer than 5 to 6 weeks. 
c   Solid or Isopar filled streamers may be used during the survey, depending on the seismic contractor.  

 
Toothed Whales 
 
Despite the relatively poor hearing sensitivity of toothed whales (at least the smaller species that have 
been studied) at the low frequencies that contribute most of the energy in seismic pulses, sounds are 
sufficiently strong that they remain above the hearing threshold of odontocetes at tens of kilometres 
from the source.  Species of most concern are those that are designated under SARA and that may occur 
in and near the Project Area (northern bottlenose whales).  Beluga whales, Sowerby’s beaked whales, 
killer whales, and harbour porpoises, all with special status by COSEWIC, are not expected to occur in 
large numbers in the Project Area.  The received sound level of 180 dB re 1 µPa (rms) criterion is 
accepted as a level that below which there is no physical effect on toothed whales.  It is assumed that 
disturbance effects for toothed whales may occur at received sound levels at or above 160 dB re 1 µPa 
(rms).  However, it is noted that there is no good scientific basis for using this 160 dB criterion for 
odontocetes and that a 170 dB re 1 µPa (rms) is a more realistic indicator of the area within which 
disturbance is likely (see Appendix C in LGL 2007a). 
 
Hearing Impairment and Physical Effects:  Given that whales typically avoid at least the immediate area 
around seismic (and other strong) noise sources, whales in and near the Project Area will likely not be 
exposed to levels of sound from the airgun array and geohazard sources that are high enough to cause 



 

non-auditory physical effects or hearing impairment. It is highly unlikely that toothed whales will 
experience mortality or strand as a result of the Proponent’s Project activities.  The mitigation measure 
of ramping-up the airgun array (over a 30 min period) will allow any whales close to the airguns to 
move away before the sounds become sufficiently strong to have any potential for hearing impairment.  
Also, the airgun array will not be started if a toothed whale is sighted within the 500 m safety zone. 
There is little potential for toothed whales being close enough to the array to experience hearing 
impairment. If some whales did experience TTS, the effects would likely be quite “temporary”.  As per 
Table 5.12, the Proponent’s seismic and geohazard program is predicted to have negligible to low 
physical effects on toothed whales, over a duration of <1 month or 1 to 12 months (~14 to 60 days in 
2010), in an area <1 to 1-10 km2.  Therefore, hearing impairment and/or physical effects on toothed 
whales would be not significant (Table 5.13). 
 
Table 5.13 Significance of potential residual environmental effects of the proposed seismic 

program on the Marine Mammal VEC. 
 

Valued Ecosystem Component: Marine Mammals 
Significance 

Rating 
Level of Confidence Likelihood (Significant Effect Only) 

 
Project Activity Significance of Predicted Residual 

Environmental Effects 
Probability of 
Occurrence 

Scientific Certainty 

Vessel Presence/Lights NS 3 - - 
Sanitary/Domestic Wastes NS 3 - - 
Air Emissions NS 3 - - 
Sound 
 Array – hearing/physical effects NS 2 - - 
 Array – behavioural effects NS 3 - - 
Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 
Picket Vessel NS 3 - - 
Geohazard Vessel NS 3 - - 
  Helicopter  NS 3 - - 
Echo Sounder NS 3 - - 
Side Scan Sonar NS 3 - - 
Boomer NS 3 - - 
Presence of Vessels     
Seismic Vessel and Streamer NS 3 - - 
Supply Vessel NS 3 - - 
Picket Vessel NS 3 - - 
Geohazard Vessel NS 3 - - 
Helicopters NS 3 - - 
Accidental Spills NS 3 - - 
Key: 
Residual environmental Effect Rating: Probability of Occurrence:  based on professional judgment: 
S = Significant Negative Environmental Effect 1 = Low Probability of Occurrence 
NS = Not-significant Negative Environmental  2 = Medium Probability of Occurrence 
  Effect 3 = High Probability of Occurrence 
P = Positive Environmental Effect Scientific Certainty: based on scientific information and statistical  
Significance is defined as a medium or high analysis or  professional judgment: 
magnitude  (2 or 3 rating) and duration greater 1 = Low Level of Confidence 
than 1 year (3 or greater rating) and  geographic 2 = Medium Level of Confidence 
extent >100 km2 (4 or greater rating). 3 = High Level of Confidence 
    
Level of Confidence: based on professional judgment:      
1 = Low Level of Confidence   
2 = Medium Level of Confidence   
3 = High Level of Confidence    
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Disturbance Effects:  Based on the above review, there could be behavioural effects on some species of 
toothed whales within the Project Area.  Known effects may range from changes in swimming 
behaviour to avoidance of the seismic vessel. Based on available literature, a 160 dB re 1 µPa (rms) 
sound level is used to assess disturbance effects, more specifically potential displacement from the area 
around the seismic source.  This is likely a conservative criterion since some toothed whale species: 
 
 have been observed in other areas relatively close to an active seismic source where received 

sound levels are greater than 160 dB; and 
 individuals which may be temporarily displaced from an area will not be significantly 

impacted by this displacement. 
 

It is uncertain how many toothed whales may occur in the Study Area at various times of the year.  The 
Study Area is not known to be an important feeding or breeding areas for toothed whales (however, 
there has been little research to verify this).  As per Table 5.12, disturbance effects from Project activity 
noise on toothed whales would likely be low, over a <1 month or 1 to 12 months (~14 to 60 days in 
2010), in an area of 11 to 100 or 101 to 1,000 km2.  Therefore, potential effects related to disturbance, 
are judged to be not significant for toothed whales (Table 5.13).  
 
Prey Species:  It is unlikely that prey species for toothed whales will be impacted by seismic activities to 
a degree that inhibits their foraging success.  If prey species exhibit avoidance of the seismic ship it will 
likely be transitory in nature (see Section 5.7.5) and over a small portion of a whale’s foraging range 
within the Project Area. Potential effects of reduced prey availability on toothed whales are predicted to 
be negligible. 
 
Baleen Whales 
 
Baleen whales are thought to be sensitive to low frequency sounds such as those that contribute most of 
the energy in seismic pulses.  Species of most concern are those that are designated under SARA and that 
may occur in and near the Project Area (blue whales and fin whales).  As with toothed whales, the 180 
dB re 1 µPa (rms) criterion is used when estimating the area where hearing impairment and/or physical 
effects may occur for baleen whales (although there are no data to support this criterion for baleen 
whales).  For all baleen whale species, it is assumed that disturbance effects (avoidance) may occur at 
sound levels greater than 160 dB re 1 µPa (rms).  
 
Hearing Impairment and Physical Effects:  Given that baleen whales typically exhibit at least localized 
avoidance of seismic (and other strong) noise, baleen whales will likely not be exposed to levels of 
sound from the airgun array high enough to cause non-auditory physical effects or hearing damage.  The 
mitigation measure of ramping-up the airgun array will allow any whales close to the airguns to move 
away before the sounds become sufficiently strong to have any potential for hearing impairment.  Also, 
the airgun array will not be started if a baleen whale is sighted within the 500 m safety zone.  Therefore, 
there is little potential for baleen whales being close enough to the array to experience hearing 
impairment.  If some whales did experience TTS, the effects would likely be quite “temporary”.  As per 
Table 5.12, the Proponent’s seismic and geohazard program is predicted to have negligible to low 
physical effects on baleen whales, over a duration of <1 month or 1 to 12 months (approximately 14 to 
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60 days in 2008), in an area <1 to 1-10  km2.  Therefore, hearing impairment and/or physical effects on 
baleen whales would be not significant (Table 5.13). 
 
Disturbance Effects:  Based on the above review, there could be behavioural effects on some species of 
baleen whales within and near the Project Area.  Reported effects range from changes in swimming 
behaviour to avoidance of the seismic vessel. The area where displacement would most likely occur 
would have a predicted scale of impact at 11 to 100 km2 or 101 to 1,000 km2.  This is likely a 
conservative estimate given that: 
 

 some baleen whale species have been observed in areas relatively close to an active seismic 
source; and 

 it is unlikely that displacement from an area constitutes a significant impact for baleen 
whales in the Project Area. 

 
It is uncertain how many baleen whales may occur in the Study Area during the period when seismic 
and geohazard activity is most likely to occur (July to November).  The Project Area is not known to be 
an important feeding or breeding area for baleen whales.  As per Table 5.12, disturbance effects on 
species of baleen whales would likely be low, over a duration of <1 month or 1 to 12 months, in an area 
of 11 to 100 km2 or 101 to 1,000 km2. Therefore, effects related to disturbance, are judged to be not 
significant for baleen whales (Table 5.13).  
 
Prey Species:  It is unlikely that prey species for baleen whales, particularly euphausiids, will be 
impacted by seismic activities to a degree that inhibits their foraging success.  If prey species exhibit 
avoidance of the seismic ship it will likely be transitory in nature (see Section 5.7.5) and over a small 
portion of a whale’s foraging range within the seismic area.  Potential effects of reduced prey 
availability on baleen whales are predicted to be negligible. 
 
Seals 
 
Seals are not expected to be abundant within the Study Area, particularly in the time period when 
seismic and geohazard operations will likely occur (summer, fall).  Harp, hooded, and ringed seals are 
expected to have a more northerly distribution during the survey period (July to November), although 
they could be moving through the Study Area.  Grey and harbour seals are likely not very abundant and 
would be most common in coastal areas.  None of the species of seal that occur within the Study Area 
are considered at risk by COSEWIC or are designated on a SARA schedule (although some are 
COSEWIC candidate species, see Section 4.6). 
 
Hearing Impairment and Physical Effects:  Given that seals typically avoid the immediate area around a 
seismic array, seals will likely not be exposed to levels of sound from the airgun array (and other noise 
sources) high enough to cause non-auditory physical effects or hearing impairment.  The mitigation 
measure of ramping-up the airgun array will allow any seals close to the airguns to move away before 
the sounds become sufficiently strong to have potential for hearing impairment.  Also, a ramp-up will 
not be initiated if a seal is sighted within the 500 m safety zone. Therefore, there is limited potential for 
seals being close enough to an array to experience hearing impairment.  If some seals did experience 
TTS, the effects would likely be quite “temporary”.  As per Table 5.12, the Proponent’s seismic and 
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geohazard program is predicted to have negligible to low hearing impairment and/or physical effects on 
seals, over a duration of <1 month or 1 to 12 months, in an area <1 km2.  Therefore, hearing impairment 
and physical effects on seals would be not significant (Table 5.13). 
 
Disturbance Effects:  Based on the above review, there could be behavioural effects on seals within and 
near the Project Area.  Known effects include changes in diving behaviour and localized avoidance of 
the seismic vessel.  It is uncertain how many seals may occur in the Project Area during the period when 
seismic (and geohazard) activities are most likely to occur (May to November).  There are no available 
criteria for assessing the sound level most likely to elicit avoidance reactions in seals. It is noteworthy 
that seals have been sighted inside the radius thought to cause TTS (190 dB) in other areas.  A 160 dB re 
1 µPa (rms) sound level has been conservatively used to assess disturbance effects, more specifically 
potential displacement from the area around the seismic source.  Therefore, the area where displacement 
may occur would have a scale of potential effect at 11 to 100 or 101 to 1,000 km2.  This estimated area 
around the seismic and geohazard vessels would be ensonified periodically for a duration of <1 month 
or 1 to 12 months. As per Table 5.12, the Proponent’s proposed seismic and geohazard program is 
predicted to have low disturbance impacts on seals. Therefore, impacts related to disturbance, are judged 
to be not significant for seals (Table 5.13).  
 
Polar Bears 
 
Airgun effects on polar bears have not been studied.  However, polar bears on the ice would be 
unaffected by underwater sound.  Sound levels received by polar bears in the water would be attenuated 
because polar bears generally swim with their heads out of the water or at the surface and polar bears do 
not dive much below 4.5 m.  Received levels of airgun sounds are reduced near the surface because of 
the pressure release effect at the water’s surface (Greene and Richardson 1988; Richardson et al. 1995).  
Recent measurements of the in-air hearing of polar bears suggest bears have best hearing sensitivity for 
sounds with frequencies between 11.2 to 22.5 kHz (Nachtigall et al. 2007). Their hearing is presumably 
adapted for in-air hearing, and—even when submerged—they may not be very sensitive to underwater 
sound.  It is unlikely that many polar bears will be encountered during Chevron’s seismic program, 
given that operations will likely occur during ice-free periods.  Given the small number of polar bears 
involved, impacts of seismic sound sources on polar bear hearing are predicted to be negligible.  
Similarly, impacts of seismic sources on polar bear behaviour are predicted to be negligible to minor, 
short-term, and 1-10 km2 (Table 5.12).  No significant impacts are expected (Table 5.13).   
 
Prey Species:  It is unlikely that seals (polar bear’s primary prey) will be impacted by seismic and 
geohazard activities to a degree that inhibits the foraging success of seals.  If seals exhibit avoidance of 
the seismic ship it will likely be transitory in nature (see above) and over a small portion of a seal’s 
foraging range within the seismic area. Potential impacts of reduced prey availability are predicted to be 
negligible. 
 
Assessment of Effects of Sound on Sea Turtle VEC 
 
The effects assessment for sea turtles is summarized in Table 5.14. 
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Table 5.14 Assessment of effects on the Sea Turtle VEC. 
 
Valued Ecosystem Components:  Sea Turtles 

Evaluation Criteria for Assessing Environmental Effects 

Project Activity 
 

Potential Positive (P) or 
Negative (N) 

Environmental Effect 
Mitigation 
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Sanitary/Domestic Waste Increased Food (N/P) - 0-1 1 1 1-2 R 1 

Air Emissions  Surface Contaminants (N) - 0 1 1 1-2 R 1 

Sound         

Seismic Array 
Hearing Impairment (N); 

Physical Effects (N) 

Ramp-up; Delay 
Start; 
Shutdown a 

0-1 1-2 1 1-2 R 1 

Seismic Array Disturbance (N) 
Ramp-up; Delay 
Start; 
Shutdown a 

1 3 1 1-2 R 1 

Seismic Vessel Disturbance (N)  0-1 1-2 1 1-2 R 1 

Supply Vessel Disturbance (N)  0-1 1-2 1 1 R 1 

Picket Vessel Disturbance (N)  0-1 1-2 1 1 R 1 

Geohazard Vessel Disturbance (N)  0-1 1 1 1 R 1 

Helicopter b Disturbance (N)  0-1 1-2 1 1 R 1 

Echo Sounder Disturbance (N)  0-1 1 1 1 R 1 

Side Scan Sonar Disturbance (N)  0-1 1 1 1 R 1 

Boomer Disturbance (N) 

Gradual Power 
Increase; Delay 
Start; 
Shutdown a 

0-1 1 1 1 R 1 

Presence of Vessels         

Seismic Vessel Disturbance (N)  0-1 1 1 1-2 R 1 

Supply Vessel Disturbance (N)  0-1 1 1 1 R 1 

Picket Vessel Disturbance (N)  0-1 1 1 1 R 1 

Geohazard Vessel Disturbance (N)  0-1 1 1 1 R 1 

Helicopter b  Disturbance (N) 
Maintain high 
altitude 

0 1-2 1 1 R 1 

Accidental Spills Injury/Mortality (N) 
Solid 
streamersc; Spill 
Response 

1 1-2 1 1 R 1 

Key: 
Magnitude: Frequency: Reversibility: Duration: 
0 =  Negligible,  1 =  <11 events/yr R =  Reversible 1 = <1 month 
 essentially no effect 2 = 11-50 events/yr I = Irreversible 2 = 1-12 months  
1 = Low 3 = 51-100 events/yr (refers to population) 3 = 13-36 months 
2 = Medium 4 = 101-200 events/yr   4 = 37-72 months 
3 = High 5 = >200 events/yr   5 = >72 months 
  6 = continuous 
Geographic Extent: Ecological/Socio-cultural and Economic Context: 
1 = <1 km2 1 = Relatively pristine area or area not negatively affected by human activity 
2 = 1-10 km2 2 = Evidence of existing negative effects 
3 = 11-100 km2  
4 = 101-1,000 km2  
5 = 1,001-10,000 km2 
6 = >10,000 km2 
a   The airgun arrays will be shutdown if an endangered (or threatened) marine mammal or sea turtle  is sighted within 500 m of the array. 
b A crew change may occur via helicopter if the seismic program is longer than 5 to 6 weeks. 
c   Solid or Isopar filled streamers may be used during the survey, depending on the seismic contractor.  
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Hearing Impairment and Physical Effects:  Based on available data, it is likely that sea turtles might 
exhibit temporary hearing loss if the turtles are close to the airguns (Moulton and Richardson 2000).  
However, there is not enough information on sea turtle temporary hearing loss and no data on permanent 
hearing loss to reach any definitive conclusions about received sound levels that trigger TTS.  Also, it is 
likely that sea turtles will exhibit behavioural reactions or avoidance within an area of unknown size 
around a seismic vessel. The mitigation measure of ramping-up the airgun array over a 30 min period 
should permit sea turtles close to the airguns to move away before the sounds become sufficiently strong 
to have any potential for hearing impairment.  Also, ramp-up will not commence if a sea turtle is sighted 
within the 500 m safety zone and the airgun array will be shutdown if a leatherback sea turtle is sighted 
within the safety zone. 
 
It is very unlikely that many sea turtles will occur in the Study Area.  Therefore, there is likely limited 
potential for sea turtles to be close enough to an array to experience hearing impairment.  If some turtles 
did experience TTS, the effects would likely be quite “temporary”.  As per Table 5.14, the Proponent’s 
seismic program is predicted to have negligible to low physical effects on sea turtles, over a duration of 
<1 month or 1 to 12 months, in an area <1 to 1-10 km2. Therefore, auditory and physical effects on sea 
turtles would be not significant (Table 5.15).  
 
Disturbance Effects:  It is possible that sea turtles will occur in the Project Area, although the cooler 
water temperatures likely preclude some species from occurring there.  If sea turtles did occur near the 
seismic (and geohazard) vessel, it is likely that sea turtles would exhibit avoidance within a localized 
area.  Based on observations of green and loggerhead sea turtles, behavioural avoidance may occur at 
received sound levels of 166 dB re 1 μPa rms.  Based on available evidence, the area where 
displacement would most likely occur would have a scale of impact at 11 to 100 km2.  As per Table 
5.14, the Proponent’s seismic program is predicted to have low disturbance effects on sea turtles, over a 
duration of <1 month or 1 to 12 months, in an area 11 to 100 km2. Therefore, effects related to 
disturbance, are judged to be not significant for sea turtles (Table 5.15).  
 
Prey Species:  Leatherback sea turtles are expected to feed primarily on jellyfish.  It is unknown how 
jellyfish react to seismic and geohazard noise sources, if these invertebrates react at all.  Leatherbacks 
are also known to feed on sea urchins, tunicates, squid, crustaceans, fish, blue-green algae, and floating 
seaweed.  It is possible that some prey species may exhibit localized avoidance of the seismic array but 
this is unlikely to impact sea turtles, which are also likely to avoid the seismic vessel and are known to 
search for aggregations of prey.  Potential effects of reduced prey availability are predicted to be 
negligible. 
 
5.7.7.3 Effects of Helicopter Overflights 
 
A crew change may occur via helicopter if the seismic program is longer than five to six weeks, 
depending on the contractor.   The 2010 seismic program is anticipated to be ~14 to 60 days in duration, 
so a helicopter crew change may not be necessary.  However, some contractors may choose to conduct 
crew changes in port.  Helicopters will maintain a regulated flight altitude above sea level unless it is 
necessary to fly lower for safety reasons.  Helicopters will not be used during geohazard surveys. 
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Table 5.15 Significance of potential residual environmental effects of the proposed seismic 
program on the Sea Turtle VEC. 

 
Valued Ecosystem Component: Sea Turtles 

Significance 
Rating 

Level of Confidence Likelihood (Significant Effect Only) 
 

Project Activity Significance of Predicted Residual  
Environmental Effects 

Probability of 
Occurrence 

Scientific 
Certainty 

Vessel Presence/Lights NS 3 - - 
Sanitary/Domestic Wastes NS 3 - - 
Air Emissions NS 3 - - 
Sound 
 Array – hearing/physical effects NS 2 - - 
 Array – behavioural effects NS 3 - - 
Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 
Picket Vessel NS 3 - - 
Geohazard Vessel NS 3 - - 
Helicopter  NS 3 - - 
Echo Sounder NS 3 - - 
Side Scan Sonar NS 3 - - 
Boomer NS 3 - - 
Presence of Vessels     
Seismic Vessel and Streamer NS 3 - - 
Supply Vessel NS 3 - - 
Picket Vessel NS 3 - - 
Geohazard Vessel NS 3 - - 
Helicopters NS 3 - - 
Accidental Spills NS 2 - - 
Key: 
Residual environmental Effect Rating: Probability of Occurrence:  based on professional judgment: 
S = Significant Negative Environmental Effect 1 = Low Probability of Occurrence 
NS = Not-significant Negative Environmental  2 = Medium Probability of Occurrence 
  Effect 3 = High Probability of Occurrence 
P = Positive Environmental Effect Scientific Certainty: based on scientific information and statistical  
Significance is defined as a medium or high analysis or  professional judgment: 
magnitude  (2 or 3 rating) and duration greater 1 = Low Level of Confidence 
than 1 year (3 or greater rating) and  geographic 2 = Medium Level of Confidence 
extent >100 km2 (4 or greater rating). 3 = High Level of Confidence 
    
Level of Confidence: based on professional judgment:      
1 = Low Level of Confidence   
2 = Medium Level of Confidence   
3 = High Level of Confidence    

 
Marine Mammals 
 
Available information indicates that single or occasional aircraft overflights will cause no more than 
brief behavioural responses in baleen whales, toothed whales and seals (summarized in Richardson et al. 
1995).  As per Table 5.12, disturbance impacts are assessed as negligible to low impact, over a duration 
of <1 month, in an area 1 to 10 km2 to 11 to 100 km2. Therefore, effects related to disturbance, are 
judged to be not significant for marine mammals (Table 5.13). 
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Sea Turtles 
 
To the best of our knowledge, there are no systematic data on sea turtle reactions to helicopter 
overflights.   Given the hearing sensitivities of sea turtles, they can likely hear helicopters, at least when 
the helicopters are at lower altitudes and the turtles are in relatively shallow waters.  It is unknown how 
sea turtles would respond, but single or occasional overflights by helicopters would likely only elicit a 
brief behavioural response.  As per Table 5.14, disturbance impacts are assessed as negligible, over a 
duration of <1 month, in an area <1 km2 to 1 to 10 km2. Therefore, impacts related to disturbance, are 
judged to be not significant for sea turtles (Table 5.15). 
 
5.7.7.4 Effects of Presence of Vessels 
 
During the proposed seismic program, there will be one seismic ship at all times and a picket vessel on 
site during most of the program (14 to 60 days in 2010).  It is anticipated that a supply ship will also be 
on site occasionally.  Geohazard surveys will involve one vessel in the Project Area for short periods of 
time.  There is some risk for collision between marine mammals and vessels, but given the slow 
surveying speed (4.5 to 5 knots; 8.3 to 9.3 km/h) of the seismic vessel (and its picket vessel) plus the 
geohazard vessel, this risk is minimal (Laist et al. 2001; Vanderlaan and Taggart 2007).  Marine 
mammal responses to ships are presumably responses to noise, but visual or other cues are also likely 
involved.  Marine mammal response (or lack thereof) to ships and boats (pre-1995 studies) are 
summarized in Richardson et al. (1995), p. 252 to 274.  More recent studies are described in LGL 
(2007a).  Marine mammal responses to the presence of vessels are variable.  Seals often show 
considerable tolerance to vessels.  Like seals, polar bears exhibit variable responses to boats.  Some 
seem to approach vessels while others exhibit avoidance (e.g., Harwood et al. 2005).  Toothed whales 
sometimes show no avoidance reactions and occasionally approach them; however, some species are 
displaced by vessels.  Baleen whales often interrupt their normal behaviour and swim rapidly away from 
vessels that have strong or rapidly changing noise, especially when a vessel heads directly towards a 
whale.  Stationary vessels or slow-moving, “non-aggressive” vessels typically elicit very little response 
from baleen whales.   
 
To the best of our knowledge, there are few systematic studies on sea turtle reactions to ships and boats 
but it is thought that response would be minimal relative to responses to seismic sound.  Hazel et al. 
(2007) evaluated behavioural responses of green turtles to a research vessel approaching at slow, 
 
moderate, or fast speeds (4, 11, and 19 km/h, respectively).  Proportionately fewer turtles fled from the 
approaching vessel as speed increased, and turtles that fled from moderate to fast approaches did so at 
significantly shorter distances from the vessel than those that fled from slow approaches.  The authors 
conclude that sea turtles cannot be relied on to avoid vessels with speeds greater than 4 km/h.  However, 
studies were conducted in a 6 m aluminum boat powered by an outboard engine, which would 
presumably be more challenging for a sea turtle to detect than a seismic or supply vessel. 
 
Effects of the presence of vessels on marine mammals or sea turtles, including the risk of collisions, are 
predicted to be negligible to low, over a duration of <1 month, in an area 1 to 10 km2. Therefore, effects 
related to the presence of vessels, are judged to be not significant for marine mammals and sea turtles 
(Tables 5.12 to 5.15). 
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5.7.7.5 Effects of Accidental Spills 
 
All petroleum hydrocarbon handling and reporting procedures on board will be consistent with 
Chevron’s policy, and handling and reporting procedures.  If fluid-filled streamers are used in surveys in 
2010 to 2017, it is possible that small amounts of Isopar could be leaked from the streamers; a fuel spill 
may occur from the seismic ship and/or its support vessels.  Any spills would likely be small and 
quickly dispersed by wind, wave, and ship’s propeller action.  The effects of hydrocarbon spills on 
marine mammals and sea turtles were reviewed in Husky (2000) in Section 5.9.1.3 and 5.9.2.3, 
respectively and are not repeated here.  Based on multiple studies, whales and seals do not exhibit large 
behavioural or physiological responses to limited surface oiling, incidental exposure to contaminated 
food, or ingestion of oil (St. Aubin 1990; Williams et al. 1994).  Sea turtles are thought to be more 
susceptible to the effects of oiling than marine mammals but effects are believed to be sublethal (Husky 
2000).  Effects of an accidental spill on marine mammals or sea turtles would be low, over a duration of 
<1 month, in an area <1 km2 to 1 to 10 km2 and are judged to be not significant (Tables 5.12 to 5.15). 
 
5.7.7.6 Effects of Other Project Activities 
 
There is potential for marine mammals and sea turtles to interact with domestic and sanitary wastes, and 
air emissions from the seismic ship and its support vessels.  Any effects from these interactions are 
predicted to be negligible (Tables 5.12 to 5.15). 
 
5.7.8 Effects of the Project on Species at Risk 
 
A biological overview of all species considered at risk under SARA and/or by COSEWIC that are likely 
or may occur in the Study Area was provided in Section 4.6.  No critical habitat has been defined for the 
Study Area.  As discussed in previous sections and presented in Table 4.14, SARA/COSEWIC species of 
relevance to the Study Area include: 
 

 northern, spotted, and Atlantic wolffish;  
 Ivory Gull; 
 blue whale, northern bottlenose whale, and fin whale; and 
 leatherback sea turtle. 
 

Species not currently designated (see Table 4.14) on Schedule 1 of SARA but listed on Schedule 2 or 3 
or being considered for addition to Schedule 1 (as per their current COSEWIC listing of endangered, 
threatened or special concern), are not included in the SAR VEC here but have been assessed in the 
appropriate VEC in sections 5.7.4 (Fish), 5.7.6 (Marine Birds) and 5.7.7 (Marine Mammals and Sea 
Turtles) of this EA.  If species not currently designated on Schedule 1 of SARA do become listed on this 
legal list during the remainder of the life of the Project (2010 to 2017), the Proponent will re-assess 
these species considering the prohibitions of SARA and any recovery strategies or action plans that may 
be in place.  Possible mitigation measures as they relate to Species at Risk will be reviewed with DFO 
and Environment Canada.  Potential interactions between the Project and SAR are shown in Table 5.16. 
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As per the detailed effects assessment contained in Section 5.7.4 and shown again in Tables 5.2 to 5.4, 
physical effects of the Project on the various life stages of wolffish species will range from negligible to 
low over a duration of <1 month to 1-12 months, within an area of <1 km2 (Table 5.17).  Behavioural 
effects may extend out to a larger area but are still predicted to be not significant (Table 5.18).  The 
mitigation measure of ramping up the airgun array (over a 30 min period) is expected to minimize the 
potential for impacts on wolffish and salmon.   
 
As per the detailed effects assessment in Section 5.7.6, the predicted effect of the Project on Ivory Gulls 
is not significant as this species foraging behaviour would not likely expose it to underwater sound and 
this species is unlikely to occur in the Study Area, particularly during the summer when seismic surveys 
are likely to being conducted (Tables 5.17 and 5.18).  Furthermore, Ivory Gulls are not known to be 
prone to stranding on vessels.  The mitigation measure of monitoring the seismic vessel and releasing 
stranded birds (in the unlikely event that an Ivory Gull will strand on the vessel) and ramping up the 
airgun array will minimize the potential for impacts on this species. 
   
Based on available information, most SAR whales and leatherback sea turtles are not expected to occur 
regularly in the Study Area. It is extremely unlikely that a North Atlantic right whale will occur in the 
Study Area.  No confirmed sightings of North Atlantic right whales, blue whales, or leatherback sea 
turtles have been made in the Study Area, and there have been no reported sightings of leatherback sea 
turtles (see Section 4.5).  Northern bottlenose and fin whales, designated as endangered and special 
concern, respectively, are expected to occur regularly in the Study Area during summer months and 
perhaps also at other times of the year.  There is a recently finalized recovery strategy for blue whales in 
Atlantic Canada (Beauchamp et al. 2009) as well as a final recovery strategy for North Atlantic right 
whales (Brown et al. 2009).  A recovery strategy for leatherback sea turtles is available (ALTRT 2006).  
However, critical habitat has not been proposed or designated for any SAR whales or leatherback sea 
turtles.  Mitigation and monitoring designed to minimize potential effects of airgun array noise on 
SARA-listed marine mammals and sea turtles will include: 
 

 ramp-up of the airgun array over a 30 min period; 
 monitoring by MMO(s) (with assistance from a FLO) during daylight hours that the airgun 

array is active; 
 shutdown of the airgun array when an endangered or threatened marine mammal or sea turtle 

is sighted within the 500 m safety zone; and 
 delay of ramp-up if any marine mammal or sea turtle is sighted within the 500 m safety zone.  
 

With these mitigation measures in place and as per the detailed effects assessment in Section 5.7.8, the 
Project is predicted to have no significant effect (hearing impairment/physical or behavioural) on SAR 
marine mammals and sea turtles (Table 5.12 and 5.14, respectively). 
 
In summary, potential effects of the proposed 2-D and 3-D seismic programs, including geohazard 
surveys, are not expected to contravene the prohibitions of SARA (Sections 32(1), 33, 58(1)).   
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Table 5.16 Potential interactions between the Project and Species At Risk VEC. 
 

Valued Ecosystem Components:  Species at Risk 

Project Activities Wolffish Ivory Gull 
Blue, Northern 

Bottlenose, and Fin 
Whales 

Leatherback Sea 
Turtle 

Vessel Lights X X   
Sanitary/ 
Domestic Waste 

X X X X 

Air Emissions X X X X 
Garbage a      
Sound     
Airgun Array X X X X 
Seismic Vessel X X X X 
Supply Vessel X X X X 
Picket Vessel X X X X 
Geohazard Vessel X X X X 
Helicopter b  X X X 
Echosounder X X X X 
Side Scan Sonar X X X X 
Boomer X X X X 
Presence of Vessels     
Seismic Vessel  X X X 
Supply Vessel  X X X 
Picket Vessel  X X X 
Geohazard Vessel  X X X 
Helicopters b  X X X 
Shore Facilities c      
Accidental Spills X X X X 
OTHER PROJECTS AND ACTIVITIES 
Oil and Gas Activities on 
Labrador Shelf 

X X X X 

Oil and Gas Activities on 
Grand Banks 

X X X X 

Fisheries X X X X 
Marine Transportation X X X X 
a Not applicable as garbage will be brought ashore. 
b A crew change may occur via helicopter if the seismic program is longer than 5 to 6 weeks. 
c There will not be any new onshore facilities.  Existing infrastructure will be used. 
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Table 5.17 Assessment of effects on the Species at Risk VEC. 
 

Valued Ecosystem Component: Species At Risk 

Evaluation Criteria for Assessing Environmental Effects 

Project Activity 
 

Potential Positive (P) or 
Negative (N) 

Environmental Effect 
Mitigation 
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Vessel Lights 
Attraction (N);  
mortality (N) 

Turn off non-
essential lighting; 
release protocols for 
Ivory Gull 

0-2 1-2 2-3 1-2 R 1-2 

Sanitary/Domestic 
Waste 

Increased Food (N/P) - 0-1 1 1 1-2 R 1 

Air Emissions  Surface Contaminants (N) - 0 1 6 1-2 R 1 

Sound         

Seismic Array 
Hearing Impairment (N) 

Physical Effects (N) 

Ramp-up; 
Delay Starta; 
Shutdown b 

0-1 1-2 1 1-2 R 1 

Seismic Array Disturbance (N) 
Ramp-up; 
Delay Starta; 
Shutdown b 

0-1 3-4 1 1-2 R 1 

Seismic Vessel Disturbance (N)  0-1 1-2 1 1-2 R 1 

Supply Vessel Disturbance (N)  0-1 1-2 1 1 R 1 

Picket Vessel Disturbance (N)  0-1 1-2 1 1 R 1 

Geohazard Vessel Disturbance (N)  0-1 1-2 1 1 R 1 

Helicopter b Disturbance (N) 
Maintain high 
altitude 

0-1 1-2 1 1 R 1 

Echosounder Disturbance (N)  0-1 1-2 1 1 R 1 

Side Scan Sonar Disturbance (N)  0-1 1-2 1 1 R 1 

Boomer Disturbance (N) 

Gradual Power 
Increase; Delay 
Start; 
Shutdown 

0-1 1-2 1 1 R 1 

Presence of Vessels         

Seismic Vessel Disturbance (N)  0-1 1 1 1-2 R 1 

Supply Vessel Disturbance (N)  0-1 1 1 1 R 1 

Picket Vessel Disturbance (N)  0-1 1 1 1 R 1 

Geohazard Vessel Disturbance (N)  0-1 1 1 1 R 1 

Helicopter c  Disturbance (N) 
Maintain high 
altitude 

0 1-2 1 1 R 1 

Accidental Spills Injury/Mortality (N) 
Solid Streamerd; 
Spill Response 

1-2 1-3 1 1-2 R 1 
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Valued Ecosystem Component: Species At Risk 

Evaluation Criteria for Assessing Environmental Effects 

Project Activity 
 

Potential Positive (P) or 
Negative (N) 

Environmental Effect 
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Key: 
Magnitude: Frequency: Reversibility: Duration: 
0 =  Negligible,  1 =  <11 events/yr R =  Reversible 1 = <1 month 
 essentially no effect 2 = 11-50 events/yr I = Irreversible 2 = 1-12 months  
1 = Low 3 = 51-100 events/yr (refers to population) 3 = 13-36 months 
2 = Medium 4 = 101-200 events/yr   4 = 37-72 months 
3 = High 5 = >200 events/yr   5 = >72 months 
  6 = continuous 
Geographic Extent: Ecological/Socio-cultural and Economic Context: 
1 = <1 km2 1 = Relatively pristine area or area not negatively affected by human activity 
2 = 1-10 km2 2 = Evidence of existing negative effects 
3 = 11-100 km2  
4 = 101-1000 km2  
5 = 1,001-10,000 km2 
6 = >10,000 km2 

a  Ramp-up will be delayed if any marine mammal or sea turtle is sighted within the 500 m safety zone. 
b   The airgun arrays will be shutdown if an endangered (or threatened) marine mammal or sea turtle is sighted within 500 m of the array. 
c A crew change may occur via helicopter if the seismic program is longer than 5 to 6 weeks. 
d   Solid or Isopar filled streamers may be used during the survey, depending on the seismic contractor. 

 



 

Table 5.18 Significance of potential residual environmental effects of the proposed seismic 
program on the Species At Risk VEC. 

 
Valued Ecosystem Component: Species At Risk 

Significance 
Rating 

Level of Confidence Likelihood (Significant Effect Only) 
Project Activity 

Significance of Predicted Residual 
Environmental Effects 

Probability of 
Occurrence 

Scientific 
Certainty 

Vessel Presence/Lights NS 3 - - 
Sanitary/Domestic Wastes NS 3 - - 
Air Emissions NS 3 - - 
Noise 
Array – hearing/physical effects NS 2 - - 
Array – behavioural effects NS 3 - - 
Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 
Picket Vessel NS 3 - - 
Geohazard Vessel NS 3 - - 
Helicopter  NS 3 - - 
Echosounder NS 3 - - 
Side Scan Sonar NS 3 - - 
Boomer NS 3 - - 
Presence of Vessels     
Seismic Vessel and Streamer NS 3 - - 
Supply Vessel NS 3 - - 
Picket Vessel NS 3 - - 
Goehazard Vessel NS 3 - - 
Helicopters NS 3 - - 
Accidental Spills NS 2-3 - - 
Key: 
Residual environmental Effect Rating: Probability of Occurrence:  based on professional judgment: 
S = Significant Negative Environmental Effect 1 = Low Probability of Occurrence 
NS = Not-significant Negative Environmental  2 = Medium Probability of Occurrence 
  Effect 3 = High Probability of Occurrence 
P = Positive Environmental Effect Scientific Certainty: based on scientific information and statistical  
Significance is defined as a medium or high analysis or  professional judgment: 
magnitude  (2 or 3 rating) and duration greater 1 = Low Level of Confidence 
than 1 year (3 or greater rating) and  geographic 2 = Medium Level of Confidence 
extent >100 km2 (4 or greater rating). 3 = High Level of Confidence 
    
Level of Confidence: based on professional judgment:      
1 = Low Level of Confidence   
2 = Medium Level of Confidence   
3 = High Level of Confidence    

 

5.8 Cumulative Effects 
 
This EA has assessed cumulative effects within the Project and thus the residual effects described in 
preceding sections include any potential cumulative effects from the CCR seismic survey activities in 
the Project Area. 
 
It is also necessary to assess cumulative effects from other activities outside the Project that are planned 
for the Regional Area.  These activities may include: 
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 Commercial fishing [Note that there are no recreational or aboriginal fisheries in the Project 
Area.]; 

 Vessel traffic (e.g., transportation, defense, recreational vessels);  
 Hunting (e.g., seabirds, seals); and 
 Offshore oil and gas industry. 
 

Commercial fishing has been discussed and assessed in detail in Section 5.7.5.  Commercial fishing 
activities, by their nature, cause mortality and disturbance to fish populations and may cause incidental 
mortalities or disturbance to seabirds, marine mammals, and sea turtles.  It is predicted that the seismic 
surveys will not cause any mortality to these VECs (with the potential exception of small numbers of 
storm-petrels) and thus, there will be no or negligible cumulative effect from mortalities.  There is some 
potential for cumulative effect from disturbance (e.g., fishing vessel noise) but there will be directed 
attempts by both industries to mitigate effects and to avoid each other’s active areas and times.  Any 
gear damage attributable to the Project will be compensated and thus any effects will be not significant. 
 
Shipping activity in the Labrador Sea involves vessels travelling to, from Labrador ports, and to other 
ports in the province and vessels that are travelling through the zone mostly to and from ports in the 
Canadian High Arctic (see Labrador Shelf SEA).  Shipping is mostly seasonal, beginning in June when 
ice conditions permit and ending in November at the onset of winter.  There are exceptions; for example, 
the offshore fishing activities and freighters travelling between Greenland and eastern North American 
ports continue throughout the year.  The shipping of concentrated ore from the mining operations in 
Voisey’s Bay also continues during the winter months at the rate of one vessel trip every three weeks on 
average.  The Canadian Coast Guard operates Marine Communications and Traffic Services centres in 
St. Anthony and Happy Valley-Goose Bay.  It records the activities of vessels that are 500 gross tonnage 
and greater.  In 2006, it recorded 624 vessel trips in the area and in 2007 recorded 608 vessel trips to 
November 2007.  According to the Canadian Coast Guard, this may not necessarily a complete listing 
especially for vessels that travel non-stop through the zone. 
 
The Labrador traffic during the shipping season involves scheduled ferry and freight services as follows 
(Labrador Shelf SEA): 
 

 Ferry service between Lewisporte, Cartwright and Happy Valley-Goose Bay.  The MV Sir 
Robert Bond normally begins operations in early June and ends by mid-November.  Services 
include vehicle, passengers and freight.  The schedule is on a six-day cycle. 

 Ferry services from Happy Valley-Goose Bay to Black Tickle and northern Labrador 
communities to Nain.  The MV Northern Ranger begins operations in early June and ends by 
mid-November.  Services include passengers and freight.  The schedule is on a five-day cycle 
to the northern ports. 

 Ferry services between Charlottetown, Norman Bay, Pinsent’s Arm, William’s Harbour and 
Port Hope Simpson.  The MV Challenge 1 begins operations in early June and ends by mid-
November.  Services include passengers and freight.  It alternates between ports on a daily 
operation except Sunday.  The ferry routes between communities in the SEA Area and the 
ferry connection from the SEA Area to Lewisporte in Newfoundland are shown in Figure 
5.1. 
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 Freight service from Lewisporte to mostly the north coast ports with freight as required.  The 
MV Astron begins operations in early June and ends by mid to late November.  The schedule 
is usually a 10 to 14 day cycle. 

 
Oil tankers operate regularly during the shipping season, delivering fuel to ports along the Labrador 
coast (Labrador Shelf SEA). Oil companies such as Imperial Oil Ltd., Ultramar, Irving and Petro-Nav 
supply various types of fuels to Labrador and the far north.  Tankers operated by several companies 
transport these fuels.  Coastal Shipping Ltd., a subsidiary of the Woodward Group, operates four 
tankers, with two of these dedicated to supplying fuel to Labrador communities and two supplying the 
Canadian Arctic.  Groupe Desgagnes in Quebec, Algoma Tankers in Ontario and Rigel Shipping in New 
Brunswick are tanker-operating companies that transport fuel to Labrador and ports in the far north. 
General routing to the Arctic through the Labrador Sea is shown in Figure 5.2. 
 
Other vessels transport cargo to various community and industry projects in Labrador and further north 
(Labrador Shelf SEA).  These shipping companies include Miller’s Shipping in St. John’s, Berkshire 
Shipping in Arnold’s Cove, Davis Shipping in Wesleyville, McKeil Marine Limited in Hamilton, 
Ontario, and Groupe Ocean in Quebec.  These companies also provide barge towing services that carry 
heavy construction equipment and supplies to remote areas. 
 
The mining operations in Voisey’s Bay have approximately 20 vessel trips per year to the mine wharf 
site in Edward’s Cove, Anaktalak Bay (Labrador Shelf SEA).  It involves the transport of ore to other  
 

 
Source: Labrador Shelf SEA. 
 

Figure 5.1 Ferry routes between communities in the Labrador waters and the ferry route from 
Labrador to Lewisporte in Newfoundland.   
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  Source: Labrador Shelf SEA. 
 

Figure 5.2 Shipping transportation to the Canadian Arctic through the Labrador Sea. 
 
processing plants in Canada and the supply of fuel and general freight to the site.  The Labrador Inuit 
Development Corporation (LIDC) operates an anorthosite mine in Ten Mile Bay near Nain.  A portion 
of the ore is shipped to Hopedale by Barge while the larger amount is exported directly to Italy by cargo 
ship, which is usually one vessel trip per year. 
 
Shipping is likely to have an effect on the behaviour of fish and marine mammals, and ship traffic 
affects a much greater area than do seismic operations.  Seismic noise will contribute a very minor 
percentage to the overall noise generated by other vessel sources, and will be of temporary and short 
duration in most areas.  A single additional ship, traveling at slow speeds, is also not likely to add much 
traffic congestion.   Ships may need to divert around the immediate seismic survey area, but this will not 
prevent or impede the passage of either vessel as the Shipping Act and standard navigation rules will 
apply.   
 
Analyses of the oil involved in bird strandings in the region show that wastes are composed of mixtures 
of bunker C and marine diesel, indicating origins in the engine room bilges of ocean-going ships (Lock 
and Deneault 2000).  The illegal discharge of oily bilge water off the southeast coast of Newfoundland is 
a chronic problem (Weise and Ryan 1999) and may also be an issue off Labrador.  Vessels chartered by 
CCR will not engage in the illegal discharge of oily bilge water.  It is expected that the additional effects 
of seismic noise or vessel discharge with existing shipping effects are probably not significant.  It is also 
possible that some species habituate to ship noise. 
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The vast majority of hunting of seabirds (mostly murres) in Newfoundland and Labrador waters occurs 
near shore from small boats and thus, there is little or no potential for cumulative effects on this VEC.  
Similarly, most, if not all, seal hunting would occur outside of the Project Area in the Gulf of St. 
Lawrence or off northeast Newfoundland. 
 
Offshore oil and gas industry projects listed on the C-NLOPB public registries (www.cnlopb.nl.ca as 
viewed 16 December 2009) for offshore Labrador include: 

 
 2-D and 3-D seismic and geohazard surveys in offshore Labrador, 2010 to 2017 (Husky); and 
 2-D and 3-D seismic and geohazard surveys in offshore Labrador, 2010 to 2017 (Investcan 

Energy Corporation). 
 
If offshore operations are conducted in separate survey areas, it is expected that the overall impacts of 
each project would be independent and as predicted.  In addition, multiple seismic and drilling programs 
are proposed or ongoing in the Jeanne d’Arc Basin, eastern Newfoundland, or offshore of 
Newfoundland’s west coast in the Gulf of St. Lawrence.  Also, there are three existing offshore 
production developments (Hibernia, Terra Nova, and White Rose) on the northeastern part of the Grand 
Banks.  While the existing developments are all several hundred kilometres outside the boundaries of the 
proposed Project Area, they are within the range of activities that have occurred on the Grand Banks 
over the last 10 years.  However, offshore oil and gas activity on the Grand Banks should be far enough 
away to avoid any disturbance effects.  Any cumulative effects (i.e., disturbance), if they occur, will be 
additive (not multiplicative or synergistic) and predicted to be not significant. 
 
All vessels (supply vessels, fishing vessels, cargo vessels and seismic vessels) and offshore rigs on the 
east coast, including Labrador, have navigation and warning lights.  In some instances, work areas are lit 
by floodlights.  It should be noted that most other vessels do not record bird strandings nor do they 
mitigate them.  As discussed in the preceding paragraphs, some seabirds may be attracted to these lights 
and, consequently, become stranded on support vessels, drill rigs, or other offshore structures.  However, 
cumulative effects are not expected to exceed those expected for individual vessels in the area.  There 
will be no significant cumulative effects of lights on marine birds triggered by the exploration program. 
 

5.9 Mitigations and Follow-up 
 
Project mitigations have been detailed in the various individual sections of the preceding EA and are 
summarized in the text provided below and in Table 5.19.  CCR and contractors will adhere to 
mitigations detailed in Appendix 2 of the Geophysical, Geological, Environmental and Geotechnical 
Program Guidelines (C-NLOPB, May 2008) as well as the Statement of Canadian Practice with Respect 
to the Mitigation of Seismic Sound in the Marine Environment. 
 
Fishers who may be operating in the area will be notified of the timing and location of planned activities 
by means of a CCG “Notice to Mariners” and a “Notice to Fishers” on the CBC Radio Fisheries 
Broadcast.  In addition, if necessary, individual fixed gear fishers will be contacted to arrange mutual 
avoidance.  Any contacts with fishing gear, with any identifiable markings, will be reported to the 
C-NLOPB within 24 h of the contact.  Any floating debris resulting from contact with fish gear will be 
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retrieved and retained if it is safe to do so in the opinion of the vessel’s master.  CCR will advise the 
C-NLOPB prior to compensating and settling all valid lost gear/income claims promptly and 
satisfactorily. 
 
Table 5.19 Summary of mitigations measures. 
 
Potential Effects Primary Mitigations 

Interference with fishing vessels 

 Upfront planning to avoid high concentrations of fishing vessels  
 SPOC  
 advisories and communications  
 FLO  
 planned transit route to and between Survey Areas 

Fishing gear damage 

 upfront planning to avoid high concentrations of fishing gear  
 SPOC  
 advisories and communications  
 FLO  
 compensation program  
 planned transit route to and between Survey Areas 

Interference with shipping 
 SPOC  
 advisories and communications  
 FLO  

Interference with DFO/FFAW research vessels  Communications and scheduling 

Temporary or permanent hearing damage/disturbance 
to marine animals 

 Delay start-up if marine mammals or sea turtles are within 500 m 
 ramp-up of airguns 
 shutdown of airgun arrays for endangered or threatened marine 

mammals and sea turtles   
 use of qualified MMO(s) to monitor for marine mammals and sea 

turtles during daylight seismic operations 

Temporary or permanent hearing damage/ disturbance 
to Species at Risk or other key habitats 

 delay start-up if marine mammals or sea turtles are within 500 m  
 ramp-up of airguns  
 shutdown of airgun arrays for endangered or threatened marine 

mammals and sea turtles   
 use of qualified MMO(s) to monitor for marine mammals and sea 

turtles during daylight seismic operations.  [No critical habitat has been 
identified in or near the Study Area.]  

Injury (mortality) to stranded seabirds 
 daily monitoring of vessel 
 handling and release protocols  
 minimize lighting if safe 

Seabird oiling 
 adherence to MARPOL  
 spill contingency plans 
 use of solid streamer when feasible 

 
Specific mitigations to minimize potential conflicts and any negative effects with other vessels; these 
include: 
 

 Excellent communications (VHF, HF, Satellite, etc.) ; 
 Utilization of fisheries liaison officers (FLOs) for advice and coordination in regard to avoiding 

fishing vessels and fishing gear; 
 Environmental Observers (MMO(s) and FLO) onboard; 
 Posting of advisories with the Canadian Coast Guard and the CBC Fisheries Broadcast; 
 Compensation program in the event any project vessels damage fishing gear; and 
 Single Point of Contact (SPOC). 
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CCR will also coordinate with Fisheries and Oceans Canada, St. John’s, and the FFAW to avoid any 
potential conflicts with survey vessels that may be operating in the area. 
 
Mitigation measures designed to reduce the likelihood of impacts on marine mammals and sea turtles 
will include ramp-ups, no initiation of airgun array if a marine mammal or sea turtle is sighted 30 min 
prior to ramp-up within 500 m safety zone of the energy source, shutdown of the energy source if an 
endangered (or threatened) whale or sea turtle is observed within the 500 m safety zone.  Prior to the 
onset of the seismic survey, the airgun array will be gradually ramped up.  One airgun will be activated  
first and then the volume of the array will be increased gradually over a recommended 30 min period.   
An observer aboard the seismic ship will watch for marine mammals and sea turtles 30 min prior to 
ramp-up.  If a marine mammal or sea turtle is sighted within 500 m of the array, then ramp-up will not 
commence until the animal has moved beyond the 500 m zone or 20 min have elapsed since the last 
sighting.  The observers will watch for marine mammals and sea turtles when the airgun array is active 
(during daylight periods) and note the location and behaviour of these animals.  The seismic array will 
be shutdown if an endangered (or threatened) marine mammal or sea turtle is sighted within the safety 
zone.  The planned monitoring and mitigation measures, including ramp-ups, visual monitoring, and 
shut-down of the airguns when endangered or threatened marine mammals or turtles are seen within the 
“safety radii”, will minimize the already-low probability of exposure of marine animals to sounds strong 
enough to induce hearing impairment.  Any dead or distressed marine mammals or sea turtles will be 
recorded and reported to the C-NLOPB.  
 
Any seabirds (most likely Leach’s Storm-Petrel) that become stranded on the vessel will be released 
using the mitigation methods consistent with The Leach’s Storm-Petrel:  General Information and 
Handling Instructions by U. Williams (Petro-Canada) and J. Chardine (CWS) (n.d.).   It is understood 
by CCR that a CWS Migratory Bird Handling Permit will likely be required.  In the unlikely event that 
marine mammals, turtles or birds are injured or killed by Project equipment or accidental spills of fuel or 
streamer flotation fluid, a report will immediately be filed with C-NLOPB and the need for follow-up 
monitoring assessed. 
 
Marine mammal and seabird observations will be made during ramp-ups and during data acquisition 
periods, and at other times on an opportunistic basis.  Protocols will be consistent with those developed 
by LGL in conjunction with DFO and Environment Canada.  A monitoring program will be designed in 
consultation with DFO and CWS as per the C-NLOPB Guidelines.  Data will be collected by a qualified 
environmental observer(s) (MMO) and FLO.  A monitoring report will be submitted to the C-NLOPB 
within one year after completion of the surveys. 
 

5.10 Residual Effects of the Project 
 
A summary of the Project’s residual effects on the environment, in other words those effects that remain 
after mitigations have been instituted, are shown in Table 5.20.  CCR’s seismic program is predicted to 
have no significant effects on VECs. 
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Table 5.20 Significance of potential residual environmental effects of the proposed seismic 
program on VECs in the Study Area. 

 
Valued Ecosystem Component: Fish and Fish Habitat, Fisheries, Birds, Turtles, Marine Mammals, Species at Risk 

Significance 
Rating 

Level of Confidence Likelihood (Significant Effect Only) 
Project Activity 

Significance of Predicted Residual 
Environmental Effects 

Probability of 
Occurrence 

Scientific Certainty 

Vessel Presence/Lights NS 3 - - 
Sanitary/Domestic Wastes NS 3 - - 
Air Emissions NS 3 - - 
Sound 
Array – physical effects NS 3 - - 
Array – behavioural effects NS 3 - - 
Geohazard sources NS 3 - - 
Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 
Geohazard Vessel NS 3 - - 
Helicopter  NS 3 - - 
Echosounder NS 3 - - 
Side Scan Sonar NS 3 - - 
Boomer NS 3 - - 
Presence of Vessels     
Seismic Vessel and Streamer NS 3 - - 
Geohazard Vessel NS 3 - - 
Supply Vessel NS 3 - - 
Helicopters NS 3 - - 
Accidental Spills NS 2-3 - - 
Key: 
Residual environmental Effect Rating: Probability of Occurrence:  based on professional judgment: 
S = Significant Negative Environmental Effect 1 = Low Probability of Occurrence 
NS = Not-significant Negative Environmental  2 = Medium Probability of Occurrence 
  Effect 3 = High Probability of Occurrence 
P = Positive Environmental Effect Scientific Certainty: based on scientific information and statistical  
Significance is defined as a medium or high analysis or  professional judgment: 
magnitude  (2 or 3 rating) and duration greater 1 = Low Level of Confidence 
than 1 year (3 or greater rating) and  geographic 2 = Medium Level of Confidence 
extent >100 km2 (4 or greater rating). 3 = High Level of Confidence 
    
Level of Confidence: based on professional judgment:      
1 = Low Level of Confidence   
2 = Medium Level of Confidence   
3 = High Level of Confidence    
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6.1  Personal Communication 
 
G. Chidley  Newfoundland Fisherman 
J. Lawson  Fisheries and Oceans Canada 
J. Payne   Fisheries and Oceans Canada 
E. Sabas   Fisheries and Oceans Canada 
H. Thorne  Newfoundland Fisherman 
U. Williams  Petro-Canada



 

Appendix 1.  Agencies and Groups Consulted (2009 and 2010) 
 
The following agencies and persons were consulted about CCR’s Offshore Labrador Seismic Program. 
 
Natural History Society  
 
Dr. Len Zedel, MUN 
 
Association of Seafood Producers 
 
E. Derek Butler, Executive Director  
 
Ocean Choice International 
 
Derek Fudge, Manager, Fleet Administration and Scheduling 
 
Icewater Seafoods 
 
Michael O’Connor, Fish Harvesting Consultant 
Tom Osbourne, Plant Manager, Arnold’s Cove 
 
Clearwater Seafoods Limited Partnership  
 
Catherine Boyd, Manager, Corporate Affairs 
 
Canadian Association of Prawn Producers 
 
Bruce Chapman, Executive Director, Manotick, Ontario 
 
Groundfish Enterprise Allocation Council (Ottawa) 
 
Bruce Chapman, Executive Director 
 
Torngat Fish Producers Co-operative Society Limited 
 
Ron Johnson, Assistant Manager 
 
Torngat Wildlife, Plants, and Fisheries Secretariat 
 
Jamie Snook, Executive Director 
Jennifer Mitchell, Wildlife Biologist 
Doug Blake, Deputy Minister, Department of Lands and Natural Resources, Nunatsiavut Government 
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Fish, Food and Allied Workers 
 
David Decker, Secretary-Treasurer 
Robyn Saunders, Petroleum Industry Liaison 
  
One Ocean 
 
Maureen Murphy, Manager of Operations 
 
Fisheries and Oceans Canada 
 
Carol Grant, Section Head, Marine Habitat Section 
Sara Lewis, Senior Biologist, Marine Habitat Section 
 
Environment Canada 
 
Glenn Troke, Environmental Assessment Co-ordinator 
Jeanette Goulet, Biologist 
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