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1.0 Introduction 
 
This document is a screening level environmental assessment (EA) as defined by the Canadian 
Environmental Assessment Act (CEAA) for a 3-D seismic program (the Project) proposed for the Jeanne 
d’Arc Basin by Petro-Canada (the Proponent).  The Canada-Newfoundland and Labrador Offshore 
Petroleum Board (C-NLOPB) is the lead Responsible Authority for the EA. 
 
The temporal scope of the Project is for four years (2007-2010) although the present document focuses 
on the proposed 2007 seismic program.  It is uncertain if Petro-Canada will undertake seismic surveys in 
the Jeanne d’Arc Basin in 2008-2010.  The geographic scope of the Project is the Project Area; proposed 
operations in 2007 will occur in and near Exploration License (EL) 1092, primarily in the proposed 
2007 survey area (Figure 1.1). Petro-Canada anticipates that the 3-D seismic survey may begin as early 
as June 2007 when the seismic vessel MV Western Patriot is available to conduct surveys.   
 
1.1. Relevant Legislation and Regulatory Approvals 
 
An Authorization to Conduct a Geophysical Program will be required from the C-NLOPB.  The 
C-NLOPB is mandated by the Atlantic Accord Implementation Acts.  Offshore geophysical surveys on 
federal lands are subject to screening under the Canadian Environmental Assessment Act (CEAA).  The 
C-NLOPB 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, the 
Fisheries and Oceans and Environment Canada are the primarily interested agencies.  Legislation that is 
relevant to the environmental aspects of this Project includes: 
 

• Canada-Newfoundland Atlantic Accord Implementation Acts 
• Canadian Environmental Assessment Act 
• Oceans Act 
• Fisheries Act 
• Navigable Waters Act 
• Canada Shipping Act 
• Migratory Bird Act 
• Species at Risk Act 

 



Petro-Canada’s 3-D Seismic Program LGL Limited 
Environmental Assessment Page 2 

 
Figure 1.1. Location of proposed 3-D seismic program for Petro-Canada.  
 
 
1.2. The Proponent 
 
Petro-Canada is one of the largest integrated oil and gas companies in Canada, with significant 
international interests.  Headquartered in Calgary, Alberta, Petro-Canada (the Operator) is a Canadian-
based integrated energy company serving global customers, committed to conducting its offshore oil and 
gas operations in an environmentally responsible manner.   
 
The Operator is the management and operating company for its 10 Significant Discovery Licenses, three 
Production Licenses, and three Exploration Licenses, on the northern Grand Banks.  The Terra Nova 
field, the largest of the Operator’s Significant Discovery Areas, is estimated to contain approximately 
370-470 million barrels of recoverable reserves.  Petro-Canada is also a major partner in the Hibernia 
and White Rose developments. 
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1.3. Canada Newfoundland Benefits 
 
Petro-Canada is committed to bringing maximum benefits associated with East Coast operations to 
Canada, and in particular Newfoundland and Labrador, where commercially achievable in accordance 
with their operating philosophy and legislative requirements.  In the spirit of the Atlantic Accord, Petro-
Canada actively seeks to enhance the participation of Canadian, and Newfoundland and Labrador, 
individuals and organizations in offshore oil and gas activity on the East Coast.  Petro-Canada's 
commitment to delivering benefits to the Province and to Canada is outlined in the Terra Nova 
Development Application Canada-Newfoundland Benefits Plan. 
 
Petro-Canada manages East Coast operations from its St. John's office.  Canadian, and in particular 
Newfoundland Labrador, individuals and organizations are provided with full and fair opportunity to 
participate in Petro-Canada's activities on the East Coast.  Petro-Canada also supports the principle that 
first consideration be given to personnel, support and other services that can be provided 
by Newfoundland and Labrador, and to goods manufactured in Newfoundland and Labrador, where 
such goods and services are competitive in terms of fair market price, quality and delivery.  Contractors 
and Subcontractors working for Petro-Canada on its East Coast operations must also subscribe to and 
apply these principles in their own operations.  
 
1.4. Contacts 
 
Relevant contacts at Petro-Canada for the seismic program include: 
 

Executive Contact Information 
° Mr. Derek Evoy, Exploration Manager, Petro-Canada Frontier 
 Petro-Canada  

2608 150-6th Ave S.W.  
Calgary, Alberta  
T2P 3E3 

 Phone: (403) 296-5490  
Email: devoy@petro-canada.ca 

 
Geophysical Contact 
° Mr. Bob Wilson 
 Geophysical Operations  

Petro-Canada  
2212 150-6th Ave S.W.  
Calgary, Alberta  
T2P 3E3  
Phone: (403) 296-3731  
Email: BWilson@petro-canada.ca 
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Environmental Contact 
° Mr. Urban Williams 
 Team Lead 
 Environment, Emergency Response & Security Petro-Canada 
 235 Water Street 

St. John’s, NL 
A1C 1B6 

 Phone: (709) 778-3764  
Email: uwilliams@petro-canada.ca 
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2.0 Project Description 
 
Petro-Canada is proposing to conduct 3-D seismic in their leased offshore acreage starting as early as 
June 2007.  Seismic surveys could also potentially occur sometime during May to December in the 
following three years (2008-2010), subject to the Proponent’s priorities and circumstances, contractor 
availability and regulatory approvals.  The geographic area where seismic surveys, including the area 
required for turning the seismic vessel, could occur in 2007-2010 is located within the boundaries of the 
Project Area depicted in Figure 1.1.  Petro-Canada’s current seismic priority is located in EL1092, and 
approximately 8 km east of Hibernia (see “Seismic Area 2007” in Figure 1.1).  At the time of writing 
this EA, it is uncertain if Petro-Canada will pursue seismic programs in 2008-2010.  The official name 
of the Project is the Petro-Canada Jeanne d’Arc Basin 3-D Seismic Program.  The 2007 seismic program 
is referred to as “North Mara.” 
 
2.1. Spatial and Temporal Boundaries 
 
The spatial boundaries of the Petro-Canada Jeanne d’Arc Basin 3-D Seismic Program covers EL 1092 
and potentially other areas within the Project Area that may become available for seismic exploration 
(see Figure 1.1). The x,y coordinates of the Project Area in NAD 83 Zone 22 coordinates are: 
 

NW Corner:  47.143° N, 48.995° W 
NE Corner:  47.121° N, 47.994° W 
SW Corner:  46.432° N, 49.022° W 
SE Corner:  46.411° N, 48.033° W 

 
At present, the defined Project Area includes space to accommodate a seismic vessel turning radius.  
The Study Area encompasses the Project Area and includes a 25 km buffer around that area. 
   
The temporal boundaries of the proposed Project are between 1 May and 31 December of 2007, 2008, 
2009, or 2010.  The duration of the survey is estimated at 22-75 days in a given year.  In 2007, it is 
estimated that the survey duration is 25 days. 
 
2.2. Project Overview 
 
In 2007, Petro-Canada is proposing to acquire approximately 520 km2 of 3-D seismic survey data (full-
fold) within and near EL1092 (Figure 1.1).   Additional seismic surveys may be conducted within and 
near EL 1092 in 2008, 2009, or 2010.  At present, Petro-Canada does not anticipate acquiring more 
seismic data in the Project Area beyond the 520 km2 of full-fold data proposed for 2007, but 
circumstances may change.   
 
WesternGeco has been selected as the seismic contractor for the proposed 2007 program.  The MV 
Western Patriot is the proposed seismic vessel; this ship operated a successful 3-D seismic program in
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the Orphan Basin in 2005 on behalf of Chevron Canada Limited and its Co-venturers (Moulton et al. 
2006b).  Any seismic vessel operated in 2008-2010 will be approved for operation in Canadian waters 
and be typical of the worldwide seismic fleet.   
 
The Western Patriot will tow a sound source (airgun arrays) and streamer(s) composed of receiving 
hydrophones.  Survey lines in 2007 will likely run approximately north-south and are spaced 350 m 
apart. 
 
Proposed mitigation procedures will follow those recommended by the C-NLOPB in Appendix 2 of 
Geophysical, Geological, Environmental and Geotechnical Program Guidelines (CNOPB 2004), 
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 
avoid conflicts with the fishery. 
 
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.  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.  In 
general, 2-D surveys are used to determine areas where precise and detailed 3-D surveys should be done.  
Results of 3-D surveys are then used to find potential locations for exploration drilling. 
 
2.2.2. Alternatives to the Project, Alternatives within the Project 
 
The existing 2-D seismic data indicate that at a minimum two targets, one of which is a complex 
stratigraphic feature and another a poorly defined structural feature, may contain significant volumes of 
producible hydrocarbons. There is potential for more targets. The existing seismic data do not permit the 
exact size and internal complexity of the targets to be identified.  Acquisition of new 3-D seismic is 
required to determine if exploration drilling is warranted.   
 
Petro-Canada has exploration commitments in EL 1092.  The 3-D seismic survey is now a standard 
precursor to offshore exploratory drilling.  It lessens the chances of expending resources “drilling dry 
holes” and increases safety.  As such, currently, there is no alternative to the 3-D seismic program other 
than to incur financial penalties and explore for oil and gas elsewhere. 
 
Viable alternatives within the Project are essentially the choices between different contractors’ ships and 
survey equipment which have been evaluated through the bid evaluation process. 
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2.2.3. Project Scheduling 
 
In 2007, it is anticipated that the seismic survey will be 25 days in duration and is expected to start on or 
about 15 June.  However, seismic surveys may occur between 1 May and 31 December of 2007, 2008, 
2009, or 2010.  The duration of a seismic survey in 2008-2010 is estimated at 22-75 days.   
 
2.2.4. Site Plans 
 
The area (520 km2) where full-fold seismic data are proposed to be acquired in 2007 is shown in Figure 
1.1 (Seismic Area 2007).  Water depth in the survey area ranges from approximately 50-200 m.  There 
will be 45-55 prime sail lines (not including infill data) spaced 300 m apart (with CDP lines 25 m apart) 
for the 2007 survey (Figure 1.1).  If data acquisition occurs in 2008, 2009, or 2010, this number could 
change. 
 
2.2.5. Personnel 
 
The Western Patriot can accommodate 54 personnel.  Personnel on seismic vessels typically include 
individuals from the Proponent (i.e., Petro-Canada), the vessel owner/operator (ship’s officers and 
crew), and the various technical and scientific personnel from a variety of contractors and 
subcontractors.  The Patriot will have a fisheries Liaison officer (FLO) and a MMO on board, as well as 
a Petro-Canada representative(s) that 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. 
 
2.2.6. Seismic Vessel 
 
The M/V Western Patriot was built in 1993 and is 78 m long and 17 m wide with a mean draft of 5.9 m.  
Its maximum speed is 13 knots and it transits at a speed of 11.5 knots.  It has a helicopter deck rating for 
a Superpuma (single rotar).  The Western Patriot operates a main engine (two Rolls Royce Bergen/BRM 
6: 5300 kW) and has a bow thruster (590 kW).  It operates a Simrad EA500 echosounder that operates at 
18 kHz and 200 kHz as well as a Furuno FE 680/50.  The ship will deploy a workboat to repair 
streamers when necessary.   
 
If seismic operations occur in 2008-2010, vessels presently approved and operating on the East Coast on 
other programs will likely be utilized.    Vessel specifics for subsequent years 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.  
 
2.2.7. Seismic Energy Source Parameters 
 
The Western Patriot will operate two 5085 in3 arrays of 24 Bolt airguns per array.  The largest airgun 
used will be 290 in3 and the smallest 105 in3.  Each array will consist of three eight gun 1695 in3 
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sub-arrays.  The overall dimensions of the array are 15 m long by 16 m wide and the arrays will be 
separated by 50 m. The two 5085 in3 airgun arrays will fire alternately (flip-flop arrangement) along the 
survey lines with a shotpoint interval of 25 m.  The airgun arrays will be operated at an estimated depth 
of 6 m below the water surface and will be towed 400 m behind the seismic vessel.  Airguns will be 
operated at 2000 psi and the estimated source level1 of the array is 109.9 bar-m (~255 dB re 1 µPa 
(0-p)). 
 
If seismic operations occur in 2008-2010, the acoustic source will consist of two airgun arrays, each 
with a maximum total volume of 5800 in3 spaced a maximum of 50 m apart, and towed at depths about 
six to seven metres.  The airgun arrays will operate in a ‘flip-flop’ arrangement with a shotpoint interval 
of 18.75 m or 25 m. The airguns will be operated with compressed air at pressures of 2000 to 2500 psi.   
 
The airguns in the array are strategically arranged to direct most of the energy vertically rather than 
sideways (see Appendix C for a review of airgun sound characteristics).  Petro-Canada will require that 
the seismic operator ramp up its airgun array (over a 30-minute period) after prolonged periods of 
shutdown. 
 
2.2.8. Seismic Streamers 
 
The Western Patriot will tow eight 5000 m streamers (strings of hydrophone sound receivers) and the 
streamers will be Sentry and Guardian Solid Streamers (Thompson Marconi).  The streamers will be 
separated by 100 m for a total spread of 700 m and will be deployed at a depth of 7 m.  WesternGeco 
has developed a technique called ‘monowing’ which involves the use of a controllable single hydrofoil 
wing (vs. the conventional multiple hydrofoil wings connected together, attached to a float—‘seismic 
door’) that is towed vertically a few meters below the surface.  The monowing technique reduces fuel 
consumption (by 20-25%) during seismic operations and reduces acoustic tow noise. 
 
If seismic operations occur in 2008-2010, there will likely be eight or 10 towed streamers, typically 
5000 to 6000 m in length that will be towed behind the seismic vessel at depths of 7-8 m.  The 
maximum width of the towed streamers would be 900 m. It is possible that in 2008-2010 streamers may 
be fluid filled.  These types of streamers control buoyancy with a fluid 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. Logistics and Support 
 
The seismic vessel will be supported by a picket vessel, a supply vessel and a helicopter if the need 
arises.  No new shorebase facilities will be required. 

                                                 
1 Includes frequencies up to 128 Hz. 



Petro-Canada’s 3-D Seismic Program LGL Limited 
Environmental Assessment Page 9 

2.2.9.1. 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 looking 
for hazards.    
 
2.2.9.2. Supply Vessel 
 
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 on the Grand 
Banks is crewed by about 6-12 marine qualified personnel. 
 
2.2.9.3. Helicopter 
 
Helicopter support will be provided by twin engine Super Puma or equivalent, based in St. John’s.  
Helicopters may be used to ferry personnel and lightweight supplies to the seismic vessels.  Given the 
short duration of the 2007 program a crew change may not be required. 
 
2.2.10. Waste Management 
 
Wastes produced from the seismic 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 Petro-Canada’s East Coast Waste Management Plan. 
The contracted vessels policies and procedures will be reviewed against the Petro-Canada Plan.  Petro-
Canada’s East Coast Waste Management Plan is currently on file with the C-NLOPB.  A licensed waste 
contractor will be used for any waste returned to shore. 
 
2.2.11. Air Emissions 
 
Air emissions will be those associated with standard operations of the seismic vessel, picket vessel, and 
supply vessel.  There are no anticipated implications for the health and safety of workers on these 
vessels. 
 
2.2.12. Accidental Events 
 
In the unlikely event of the accidental release of hydrocarbons during the Project, Petro-Canada and its 
seismic contractor will implement the measures outlined in its Oil Spill Response Plan (TN-IM-EV03-
X00-004) which is registered with the C-NLOPB.  Note that for the 2007 seismic survey solid streamers 
will be employed.  In addition, Petro-Canada has emergency response plans in place which will be 
bridged with the seismic contractor’s response plans prior to commencement of the seismic program. 
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2.3. Mitigation 
 
Mitigation measures are detailed throughout the EA.  The measures are reviewed and summarized in 
Section 5.8. 
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3.0 Physical Environment 
 
The physical environment of the Jeanne d’Arc Basin, which includes the Study Area, was described in 
the Hibernia EIS (Mobil 1985), Terra Nova EIS (Petro-Canada 1996a,b), and the White Rose 
Comprehensive Study (Husky 2000).  Updates are provided below where appropriate and outlined in the 
Scoping document. 
 
3.1. Bathymetry 
 
Water depths in the Project Area range from <100 m on the shelf to ~200 m on the upper continental 
slope. 
 
3.2. Geology 
 
Geology of the area has been described in the Hibernia EIS (Section 3.1.4), the Terra Nova EIS (Section 
3.4) and the White Rose Comprehensive Study (Section 2.6) and thus is not repeated here. 
 
3.3. Climatology 
  
The climatology overview and analyses presented in this section has been prepared from two data 
sources: 

• AES-40 hindcast dataset for winds and waves covering the North Atlantic Ocean. This 
dataset was developed by Oceanweather Inc. of Cos Cob, Connecticut under contract to the 
Meteorological Service of Canada (MSC); and 

• ICOADS dataset (International Comprehensive Ocean-Atmosphere Data Set Release 2.3).  
This Global Marine Surface Observations dataset consists of marine weather and sea state 
observations from vessels and platforms at sea obtained from the National Center for 
Atmospheric Research in Boulder, Colorado. 

In earlier versions, the AES-40 hindcast dataset consisted of 40, then 42, continuous years of hindcast 
wind and wave data.  The results of the NCAR/NCEP (U.S. National Centers for Environmental 
Prediction) global re-analysis for 1958-97 wind fields were used as input to a third generation deep 
water wave model (Berek et al. 2000).  The winds were first modified by adding measured winds from 
buoys and platforms.  Tropical cyclone wind fields were generated and added to the background winds.  
The wind fields were then refined using Oceanweather’s Interactive Objective Kinematic Analysis 
System.  The model grid spacing in these analyses was 0.625º latitude by 0.833º longitude.   
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Currently, the AES-40 hindcast dataset provides wind velocity and sea state parameter data at 6-hour 
intervals for the 50 year period from 1 July 1954 through 30 June 2004.  The wind and wave statistics 
presented in this report are based on the hindcast data for AES-40 grid point 5622, at location 46.88° N, 
48.33° W (Figure 3.1).  Data were extracted from the dataset using Oceanweather’s OSMOSIS software.  
Some of the statistics presented were output directly by OSMOSIS, others were computed using in-
house (Oceans Ltd.) developed software.   
 
The temperature and visibility statistics presented in this report were developed from the ICOADS 
dataset for the period 1975 through 2005.  Reports from the area bounded by latitudes 46.00° N and 
47.25° N and longitudes 48.00° W and 49.00° W were incorporated in the statistics.  The ICOADS 
dataset is noisy and contains observation and position errors, as well as some coding mistakes.  Obvious 
errors were removed from the data. 
 

 
 
Figure 3.1. Locations of the Project Area and the AES-40 hindcast dataset grid points. 
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3.3.1. Wind Climatology 
 
The wind values in the AES-40 dataset represent 1 hour means.  The 10 minute and 1 minute wind 
speeds can be calculated from 1 hour wind mean values using a constant ratio of 1.06 and 1.22, 
respectively. 
 
The wind climatology for AES-40 grid point 5622 and its vicinity is summarized below in a series of 
tables and plots.  Table 3.1 provides basic descriptive statistics for winds at 10 m above sea level (asl) 
by month and for the full 50-year period.  The table shows that the average wind direction is from the 
west to west-southwest during the winter season, while southwesterly winds prevail during the summer 
months.  Monthly wind speeds are lowest during June, July, and August.  Average wind speeds are 
notably higher during the winter months, with maximum monthly winds exceeding 30 m/s in February.  
The non-exceedance columns show that 99% of the hindcast values did not exceed 22.6 m/s in February. 
Standard deviations, a measure of the variability about the monthly means, are lowest during the 
summer and highest in the cold season, typical of the Grand Banks climatology.   
 
Table 3.1. Summary of monthly and annual wind directions and speeds at 10 m asl.  
 

Wind Direction Wind Speed
Month (degrees True) (m/s) Non-exceedance

Mean Min Max Mean Std Dev. Median 90% 99%
January 260 0.5 26.9 10.8 4.6 10.5 16.9 22.0
February 264 0.8 30.1 10.7 4.5 10.5 16.6 22.6
March 266 0.4 28.9 9.7 4.3 9.6 15.3 19.9
April 248 0.4 26.8 8.2 3.9 7.9 13.5 18.4
May 238 0.2 21.1 7.0 3.5 6.7 11.7 16.3
June 230 0.3 21.8 6.6 3.2 6.3 10.7 14.7
July 222 0.2 20.2 6.2 2.9 6.1 9.9 13.9

August 229 0.3 21.6 6.5 3.1 6.2 10.5 15.3
September 251 0.3 23.3 7.4 3.6 7.1 12.1 17.9

October 258 0.3 26.3 8.7 3.9 8.4 13.7 18.8
November 255 0.5 25.9 9.4 4.2 9.0 15.1 20.1
December 260 0.6 29.3 10.4 4.5 10.2 16.4 21.4

Annual 246 0.2 30.1 8.5 4.2 8.0 14.2 19.9
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)

Monthly and Annual 10m Wind Statistics at AES-40 Grid Point 5622

 
 
Table 3.2 presents maximum wind speeds (at 10 m asl) by direction for each month and for the full 50-
year period.  The highest winds are in the sector from the southwest to north.  High wind speeds during 
the late summer months may be caused by tropical cyclones or their remnants, or by energetic extra-
tropical low pressure systems. 
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Table 3.2. Monthly and annual maximum wind speeds (at 10 m asl) by true wind directions. 
 

(metres / second)
True Wind Direction (centre of 45 degree sector)

Month NE E SE S SW W NW N
45 90 135 180 225 270 315 360 Lowest Highest

January 20.0 23.1 24.2 26.9 26.0 26.7 25.2 22.7 20.0 26.9
February 26.4 21.7 25.7 25.1 30.1 26.7 26.7 29.3 21.7 30.1
March 21.5 20.8 23.5 21.6 23.5 24.2 28.9 26.1 20.8 28.9
April 22.4 21.0 21.1 26.8 22.6 21.6 23.6 23.9 21.0 26.8
May 16.6 16.7 18.1 19.3 20.1 19.0 21.1 20.6 16.6 21.1
June 15.0 18.7 19.0 20.0 19.0 21.5 21.8 16.4 15.0 21.8
July 15.6 19.1 15.9 18.2 20.2 17.0 16.4 14.8 14.8 20.2

August 18.3 17.0 18.7 21.2 17.9 19.8 18.1 21.6 17.0 21.6
September 21.9 20.5 18.6 23.3 22.3 22.1 22.7 22.1 18.6 23.3

October 21.5 18.1 20.4 23.9 25.5 26.3 22.5 25.0 18.1 26.3
November 23.0 22.0 20.9 25.8 21.5 24.2 24.8 25.9 20.9 25.9
December 20.5 21.5 23.7 21.6 26.7 28.6 29.3 28.2 20.5 29.3

Annual 26.4 23.1 25.7 26.9 30.1 28.6 29.3 29.3 14.8 30.1
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)

All Directions

Monthly and Annual Maximum 10m Wind Speeds at AES-40 Grid Point 5622

 
 
3.3.1.1. Wind Rose Plots 
 
Table 3.3 shows the percentage occurrence of wind speeds by 45-degree direction sectors for all months 
and years.  Again, this shows the prevalence of southwest and west winds with the highest winds from 
the southwest and northwest quadrants.  A graphic representation of these data in the form of a wind 
rose plot is shown as Figure 3.2. 
 
Monthly tables of the percentages occurrence of wind speeds by direction and their corresponding wind 
rose diagrams are provided in Appendix A. 
 
Table 3.3. Percentage occurrence of wind speeds by direction for all months and all years. 
 

All Months All Years
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 1.65 1.78 2.37 3.55 4.6 3.71 2.44 1.89 22
5.0 - < 10.0 2.45 2.25 3.27 6.78 11.96 9.22 5.99 3.57 45.5
10.0 - < 15.0 1.04 0.87 1.57 3.42 5.19 6.32 4.53 1.91 24.85
15.0 - < 20.0 0.24 0.21 0.46 1.02 1.13 1.92 1.26 0.45 6.7
20.0 - < 25.0 0.04 0.02 0.04 0.1 0.12 0.29 0.18 0.08 0.88
25.0 - < 30.0 0 0 0 0.01 0.01 0.02 0.01 0.01 0.06
30.0 - < 35.0 0 0 0 0 0 0 0 0 0

Totals 5.44 5.13 7.71 14.88 23.02 21.5 14.42 7.92 100  
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Source:  Grid point 5622, AES-40 wind and wave hindcast dataset (July 01, 1954 through June 30, 2004) 

 
Figure 3.2. Wind rose for all months and years, July 1954 through June 2004. 
 
 
3.3.1.2. Monthly Percentage Exceedance Wind Speeds 
 
Table 3.4 shows the percentage exceedance of wind speeds (at 10 m asl) ranging from 0-30 m/s for each 
month of the year computed from the 50-year dataset.  Table 3.5 gives the exceedance in actual numbers 
of hindcast values. The exceedance values are plotted in Figures 3.3 and 3.4.  Figure 3.3, which shows 
curves for the months of January through to July, illustrates the progression from winter conditions to 
the more benign summer conditions.  Figure 3.4 shows the monthly progression from the summer (July) 
through to the winter season as conditions become more boisterous.  Gale and storm force wind speed 
limits are also shown on the plots.  Winds are considered gale force between 34 to less than 48 knots 
(17.5 m/s - 24.7 m/s) and storm force when the wind is 48 knots (24.7 m/s) or more.  
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Table 3.4. Percentage exceedance of wind speeds (at 10 m asl) ranging from 0-30 m/s by month. 
 

Wind Percentage Exceedance of Wind Speed
Speed (%)
(m/s) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
1 99.85 99.88 99.47 99.60 98.06 98.10 97.45 98.60 99.00 99.66 99.73 99.81
2 98.85 98.89 97.73 97.15 93.08 93.40 92.56 94.52 95.97 97.52 98.37 98.68
3 96.68 97.28 94.69 92.32 87.06 86.47 85.24 87.52 90.68 94.05 95.77 96.06
4 93.71 94.18 90.63 85.88 78.81 77.67 75.76 76.98 83.07 88.79 91.60 92.84
5 89.34 89.95 85.53 77.83 69.18 66.42 63.95 65.40 72.80 81.56 85.12 88.42
6 84.08 84.11 78.94 69.12 57.34 54.30 51.29 52.94 61.68 73.13 77.40 82.52
7 78.34 78.27 71.84 58.52 46.47 42.18 38.79 40.03 51.00 63.48 68.93 75.45
8 70.76 70.68 64.52 48.48 35.89 30.47 26.58 28.53 40.17 54.44 60.12 67.47
9 63.18 62.72 55.31 38.92 26.65 21.72 15.95 18.95 30.22 44.52 50.20 59.65
10 54.32 54.28 46.11 30.70 19.39 14.53 9.11 12.53 21.95 34.74 41.55 51.15
11 45.95 45.42 37.13 23.38 13.15 8.40 5.08 7.79 15.17 26.34 33.50 42.69
12 37.85 36.80 29.31 16.95 9.11 5.27 2.79 5.16 10.27 19.19 26.58 34.87
13 30.37 28.86 22.56 12.00 5.95 3.22 1.69 3.39 7.05 13.60 20.28 27.94
14 23.60 22.38 16.47 7.97 3.34 1.75 0.90 1.92 4.57 8.90 14.88 21.65
15 17.77 17.20 11.39 5.33 2.06 0.82 0.50 1.11 2.95 6.18 10.32 16.37
16 13.23 12.19 7.87 3.67 1.26 0.48 0.24 0.66 1.90 4.02 6.95 11.66
17 9.26 8.70 5.15 2.03 0.65 0.32 0.08 0.31 1.38 2.58 4.58 7.56
18 6.48 6.14 3.23 1.23 0.32 0.15 0.05 0.16 0.93 1.66 2.90 5.27
19 4.34 4.19 1.61 0.65 0.18 0.05 0.03 0.06 0.57 0.92 1.77 3.35
20 3.02 3.04 0.94 0.45 0.10 0.03 0.02 0.05 0.33 0.56 1.08 1.87
21 1.98 2.16 0.56 0.37 0.02 0.03 0.05 0.23 0.31 0.67 1.23
22 0.98 1.45 0.29 0.15 0.13 0.13 0.35 0.81
23 0.58 0.92 0.18 0.07 0.02 0.08 0.22 0.58
24 0.32 0.58 0.08 0.02 0.05 0.08 0.26
25 0.16 0.35 0.05 0.02 0.03 0.03 0.16
26 0.06 0.23 0.03 0.02 0.02 0.13
27 0.09 0.02 0.06
28 0.07 0.02 0.05
29 0.05 0.02
30 0.02

Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  
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Table 3.5. Number of AES-40 hindcast data values exceeding wind speeds ranging from 0-30 m/s (at 
10 m asl).  

 
Wind Exceedance of Wind Speed
Speed (Number of hindcast values)
(m/s) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0 6200 5652 6200 6000 6200 6000 6200 6200 6000 6200 6000 6200
1 6191 5645 6167 5976 6080 5886 6042 6113 5940 6179 5984 6188
2 6129 5589 6059 5829 5771 5604 5739 5860 5758 6046 5902 6118
3 5994 5498 5871 5539 5398 5188 5285 5426 5441 5831 5746 5956
4 5810 5323 5619 5153 4886 4660 4697 4773 4984 5505 5496 5756
5 5539 5084 5303 4670 4289 3985 3965 4055 4368 5057 5107 5482
6 5213 4754 4894 4147 3555 3258 3180 3282 3701 4534 4644 5116
7 4857 4424 4454 3511 2881 2531 2405 2482 3060 3936 4136 4678
8 4387 3995 4000 2909 2225 1828 1648 1769 2410 3375 3607 4183
9 3917 3545 3429 2335 1652 1303 989 1175 1813 2760 3012 3698
10 3368 3068 2859 1842 1202 872 565 777 1317 2154 2493 3171
11 2849 2567 2302 1403 815 504 315 483 910 1633 2010 2647
12 2347 2080 1817 1017 565 316 173 320 616 1190 1595 2162
13 1883 1631 1399 720 369 193 105 210 423 843 1217 1732
14 1463 1265 1021 478 207 105 56 119 274 552 893 1342
15 1102 972 706 320 128 49 31 69 177 383 619 1015
16 820 689 488 220 78 29 15 41 114 249 417 723
17 574 492 319 122 40 19 5 19 83 160 275 469
18 402 347 200 74 20 9 3 10 56 103 174 327
19 269 237 100 39 11 3 2 4 34 57 106 208
20 187 172 58 27 6 2 1 3 20 35 65 116
21 123 122 35 22 1 2 3 14 19 40 76
22 61 82 18 9 8 8 21 50
23 36 52 11 4 1 5 13 36
24 20 33 5 1 3 5 16
25 10 20 3 1 2 2 10
26 4 13 2 1 1 8
27 5 1 4
28 4 1 3
29 3 1
30 1

Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  
 



Petro-Canada’s 3-D Seismic Program LGL Limited 
Environmental Assessment Page 18 

 
 
Figure 3.3. Monthly percentage exceedances of wind speeds (at 10 m asl) for January through July. 

 
 
Figure 3.4. Monthly percentage exceedances of wind speeds (at 10 m asl) for July through January  
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3.3.1.3. Tropical Systems 
 
The hurricane season normally extends from June through November.  While the incidence of tropical 
depressions, storms, hurricanes or the remnants of such systems is infrequent, the risk of occurrence is 
greatest between August and October.  The frequency of occurrence from tropical systems that have 
originated in equatorial regions to affect the northern Grand Banks region in any particular year is low, 
and varies from none to a few.  These systems normally approach the region from the south or 
southwest.   
 
Once formed, a 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 latent heat of vapourization that is 
released during the condensation process.  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 character, often transforming into vigorous, fast moving extra-tropical cyclones.  
Conditions on the northern Grand Banks associated with tropical cyclones and their remnants vary 
widely from relatively minor events to major storms producing windy wet weather and high waves. 
 
Figure 3.5 shows the historical tracks of hurricanes which passed within 65 nautical miles of 46.75 
degrees N, 48.5 degrees W from 1956 to 2005. Table 3.6 gives the statistical data on these systems. 
 

 
Source: NOAA Coastal Services Center. 
 
Figure 3.5. Historical tracks of Tropical Systems (1956 to 2005) passing within 65 nmi of 46.75° N, 48.5 

° W. 
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Table 3.6. Summary of Tropical Systems (1956 to 2005) passing within 65 nm of 46.75° N, 48.5 ° W. 
 

Storm     Wind Speed
Record Year Month Day Name m/s (kts)

1 1963 8 27 BEULAH 36.0 (70)
2 1967 9 4 ARLENE 30.9 (60)
3 1969 8 12 BLANCHE 30.9 (60)
4 1971 8 6 NOTNAMED 38.6 (75)
5 1974 7 20 SUBTROP2 20.6 (40)
6 1975 7 4 AMY 25.7 (50)
7 1976 8 23 CANDICE 41.2 (80)
8 1978 9 5 ELLA 41.2 (80)
9 1980 9 8 GEORGES 35.0 (68)

10 1982 9 19 DEBBY 38.6 (75)
11 1984 9 2 CESAR 25.7 (50)
12 1995 7 20 CHANTAL 25.7 (50)
13 1995 8 22 FELIX 30.9 (60)
14 1999 10 19 IRENE 41.2 (80)
15 2000 9 25 HELENE 28.3 (55)
16 2001 8 28 DEAN 23.1 (45)
17 2003 10 7 KATE 30.9 (60)
18 2004 9 2 GASTON 23.1 (45)
19 2005 7 30 FRANKLIN 20.6 (40)  

Source: NOAA Coastal Services Center. 
 
The wind speeds in Table 3.6 are the maximum one minute mean winds speeds as the system passed 
within 65 nm of 46.75°N, 48.5°W. The highest winds occurred in August (1976), September (1978), and 
October (1999) with speeds of 41.2 m/s.  Using the ratio: 1 minute mean / 1.22 = 1 hour mean, the one 
minute mean of 41.2 m/s translates into a one hour mean of 33.8 m/s. This is significantly higher than 
the AES-40 dataset values for August, September and October. This is most probably due to the fact that 
the AES-40 data values are in six hour time steps and may miss the peak winds.  Also, the strongest 
winds within the systems may not have occurred at the AES-40 grid point location. 
 
On 19 October 1999, the drilling rig, Glomar Grand Banks which was located at 46.4°N 48.4°W 
reported a 9 m significant wave height associated with the tropical system Irene. The maximum 10 
minute mean wind speed reported was 64 knots (32.9 m/s) at approximately 82.5 m above sea level.  
 
3.3.2. Wave Climate 
 
The wave climate in the Study Area includes the affects of locally generated wind-waves and swell that 
propagates into the area from both nearby and distant locations.  The highest sea states occur during 
severe storm systems that track through the region, mainly during October through March.  
Occasionally, severe storms may occur outside these months.  Storms of tropical origin occur most often 
from late August through October.  Hurricanes are usually reduced to tropical storm strength or evolve 
into extra-tropical storms by the time they reach the Grand Banks, but occasionally these storms still 
retain hurricane force winds and hence produce high waves. 
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Sea state conditions at AES-40 grid point 5622 are described in terms of significant wave height and 
spectral peak period statistics.  Table 3.7 contains basic descriptive statistics for significant wave height 
on a monthly basis.  The lowest monthly mean significant wave height occurs in July (1.7 m), while the 
highest average occurs in December and January (3.9 m). There is less variation in wave height in 
summer vs. winter.  Monthly maximum values of significant wave height have ranged from near 6 m in 
July and August to 13 to 14 m in the winter months.  The non-exceedance columns show that 99% of the 
hindcast values did not exceed 9.7 m in February when the highest wave height of 13.7 m occurred. 
 
Table 3.7. Monthly and annual statistics of significant wave heights. 
 

Monthly Statistics of Significant Wave Height
Month Significant Wave Height (metres)

Min Max Mean Std Dev. Median 90% 99%
January 0.0 13.0 3.9 1.8 3.7 5.9 9.9
February 0.0 13.7 3.6 1.8 3.4 5.7 9.7

March 0.0 11.1 2.9 1.8 2.9 5.1 7.7
April 0.0 10.8 2.7 1.2 2.6 4.3 6.4
May 0.0 10.1 2.2 0.9 2.0 3.3 5.1
June 0.6 9.0 1.9 0.7 1.8 2.7 4.2
July 0.6 6.0 1.7 0.6 1.6 2.4 3.7

August 0.4 5.8 1.8 0.7 1.6 2.7 4.2
September 0.8 10.1 2.3 1.0 2.1 3.5 5.7

October 0.9 11.1 2.9 1.2 2.6 4.2 6.9
November 0.6 11.7 3.3 1.4 3.0 5.0 8.1
December 1.1 13.4 3.9 1.5 3.6 5.8 9.2

Annual 0.0 13.7 2.7 1.5 2.4 4.6 7.8
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)

Non-Exceedance

 
Table 3.8 provides basic descriptive statistics for spectral peak period, the period at which wave energy 
is highest. Minimum values of zero correspond to months when the grid point was “iced out”. A point is 
iced out when ice coverage is greater than or equal to 50%.   
Table 3.8. Monthly and annual statistics of spectral peak period.  
 

Monthly Statistics of Spectral Peak Period
Month Peak Period (seconds)

Min Max Mean Std Dev. Median 90% 99%
January 0.0 15.9 10.1 2.8 10.5 13.0 14.6
February 0.0 17.0 9.6 3.1 10.1 12.8 14.7

March 0.0 17.2 8.4 4.1 9.6 12.4 14.5
April 0.0 15.7 9.2 2.6 9.5 11.8 14.1
May 0.0 15.6 8.5 1.7 8.4 10.7 13.0
June 3.5 17.5 8.0 1.6 7.9 9.8 13.1
July 3.8 18.7 7.7 1.6 7.4 9.6 13.7

August 3.8 17.1 7.8 1.7 7.5 10.0 13.1
September 4.2 17.0 8.7 2.0 8.5 11.5 14.0

October 3.9 15.7 9.3 1.9 9.1 11.8 14.2
November 4.0 15.9 9.8 1.9 9.8 12.4 14.3
December 4.7 16.1 10.4 1.9 10.4 12.8 14.5

Annual 0.0 18.7 8.9 2.5 8.9 11.9 14.2
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)

Non-Exceedance
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3.3.2.1. Monthly Percentage Exceedance of Significant Wave Height 
 
Table 3.9 shows the percentage exceedance of significant wave height for each month of the year.  Table 
3.10 gives the exceedance in actual numbers of hindcast values. Figures 3.6 and 3.7 are exceedance plots 
of the data for January to July and for July to January, respectively, showing the progression through the 
seasons.  During the winter and spring months, sea ice incursion at grid point 5622 is indicated in the 
dataset by zero values for significant wave height.  Thus, exceedance values of less than 100 percent for 
zero significant wave height occur in the months of January through May.  Table 3.11 shows the percent 
frequency of occurrence of sea ice during the winter and spring for the 50-year period from the AES-40 
dataset. 
 
Table 3.9. Monthly percentage exceedances of significant wave height. 

Percentage Exceedance of Significant Wave Height (Hs)
Hs (%)
(m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.00 96.00 94.04 83.98 95.88 99.97 100.00 100.00 100.00 100.00 100.00 100.00 100.00
0.50 96.00 94.04 83.98 95.87 99.95 100.00 100.00 99.89 100.00 100.00 100.00 100.00
1.00 95.94 93.95 83.50 95.45 97.95 95.98 94.19 95.92 98.62 99.82 99.77 100.00
1.50 95.16 91.93 80.94 89.55 78.74 68.38 57.55 59.06 83.65 94.52 96.63 99.31
2.00 92.13 86.34 73.65 73.68 48.97 34.87 24.82 27.76 54.93 77.53 85.97 95.00
2.50 84.77 75.90 60.52 53.88 28.23 15.43 8.73 12.52 30.98 55.87 69.37 85.42
3.00 72.05 62.47 46.21 35.52 14.77 6.88 3.35 6.13 16.68 36.42 51.62 70.32
3.50 55.79 47.58 32.94 22.37 7.52 3.52 1.47 3.05 9.42 22.05 35.48 52.42
4.00 41.21 33.78 23.47 13.53 4.18 1.50 0.68 1.60 5.75 12.58 23.48 37.58
4.50 29.61 23.78 15.74 8.28 2.32 0.65 0.34 0.69 3.20 7.45 15.48 26.02
5.00 20.23 16.74 10.40 4.67 1.23 0.33 0.19 0.27 1.90 4.74 10.08 18.13
5.50 13.77 11.25 6.55 2.28 0.58 0.12 0.03 0.10 1.12 3.06 6.88 12.58
6.00 9.55 7.59 4.21 1.33 0.29 0.05 0.02 0.80 2.00 4.75 8.69
6.50 6.73 5.13 2.61 0.93 0.16 0.05 0.53 1.32 3.12 6.06
7.00 4.94 4.02 1.71 0.60 0.10 0.05 0.40 0.89 2.05 4.11
7.50 3.77 3.26 1.18 0.40 0.06 0.05 0.28 0.65 1.43 3.06
8.00 2.87 2.65 0.81 0.28 0.05 0.03 0.20 0.53 1.08 2.29
8.50 2.42 2.07 0.53 0.12 0.05 0.02 0.18 0.32 0.82 1.56
9.00 1.94 1.59 0.37 0.10 0.03 0.12 0.23 0.58 1.18
9.50 1.42 1.15 0.31 0.05 0.03 0.08 0.13 0.42 0.77
10.00 0.92 0.81 0.10 0.03 0.02 0.02 0.06 0.27 0.58
10.50 0.60 0.48 0.03 0.03 0.03 0.18 0.35
11.00 0.40 0.32 0.02 0.02 0.10 0.23
11.50 0.19 0.32 0.03 0.13
12.00 0.16 0.18 0.05
12.50 0.05 0.09 0.03
13.00 0.04 0.03
13.50 0.02
14.00

Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)
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Table 3.10. Monthly number of AES-40 hindcast data values exceeding significant wave height. 
 

Exceedance of Significant Wave Height (Hs)
Hs (Number of hindcast values)
(m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.00 5952 5315 5207 5753 6198 6000 6200 6200 6000 6200 6000 6200
0.50 5952 5315 5207 5752 6197 6000 6200 6193 6000 6200 6000 6200
1.00 5948 5310 5177 5727 6073 5759 5840 5947 5917 6189 5986 6200
1.50 5900 5196 5018 5373 4882 4103 3568 3662 5019 5860 5798 6157
2.00 5712 4880 4566 4421 3036 2092 1539 1721 3296 4807 5158 5890
2.50 5256 4290 3752 3233 1750 926 541 776 1859 3464 4162 5296
3.00 4467 3531 2865 2131 916 413 208 380 1001 2258 3097 4360
3.50 3459 2689 2042 1342 466 211 91 189 565 1367 2129 3250
4.00 2555 1909 1455 812 259 90 42 99 345 780 1409 2330
4.50 1836 1344 976 497 144 39 21 43 192 462 929 1613
5.00 1254 946 645 280 76 20 12 17 114 294 605 1124
5.50 854 636 406 137 36 7 2 6 67 190 413 780
6.00 592 429 261 80 18 3 1 48 124 285 539
6.50 417 290 162 56 10 3 32 82 187 376
7.00 306 227 106 36 6 3 24 55 123 255
7.50 234 184 73 24 4 3 17 40 86 190
8.00 178 150 50 17 3 2 12 33 65 142
8.50 150 117 33 7 3 1 11 20 49 97
9.00 120 90 23 6 2 7 14 35 73
9.50 88 65 19 3 2 5 8 25 48

10.00 57 46 6 2 1 1 4 16 36
10.50 37 27 2 2 2 11 22
11.00 25 18 1 1 6 14
11.50 12 18 2 8
12.00 10 10 3
12.50 3 5 2
13.00 2 2
13.50 1
14.00

Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  
 

 
Table 3.11. Percentage frequency of occurrence of sea ice at AES-40 Grid Point 5622. 

Source: Grid point 5622, AES-40 wind and wave hindcast dataset (July 01, 1954 through June 30, 2004) 
 

Month (%)
January 4.00
February 5.96

March 16.02
April 4.12
May 0.03

Percentage Occrrence of Sea Ice
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Figure 3.6. Monthly percent exceedance of significant wave height - January to July.  

 
Figure 3.7. Monthly percent exceedance of significant wave height - July to January.  
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3.3.2.2. Monthly Percentage Occurrence of Spectral Peak Period 
 
Table 3.12 provides the frequency of occurrence of spectral peak periods for each month of the year.  
Percentage occurrence for zero peak periods indicates the occurrence of sea ice at the grid point 
location.  During the warm season, the most frequent peak period is in the 7 to 8 second range; during 
the winter, the peak periods of the higher sea states are more frequent in the 9 to 12 second range.  
 
Table 3.12. Monthly frequency of occurrence of spectral peak periods. 
 

Monthly Frequency of Occurrence (%) of Spectral Peak Period (Tp)
Tp (s) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0 4.00 5.96 16.02 4.12 0.03
> 0 - < 1.0
1.0 - < 2.0
2.0 - < 3.0
3.0 - < 4.0 0.02 0.02 0.08 0.02 0.03 0.06 0.02 0.02
4.0 - < 5.0 0.05 0.14 0.37 0.23 0.74 0.92 0.90 1.16 0.40 0.34 0.18 0.08
5.0 - < 6.0 0.69 1.68 1.55 1.90 4.66 8.07 10.11 10.11 4.77 2.48 1.48 0.63
6.0 - < 7.0 3.06 4.71 4.79 6.00 12.21 18.88 24.31 23.73 14.27 8.03 5.68 2.82
7.0 - < 8.0 6.02 7.94 7.45 10.48 21.73 26.32 29.27 29.13 20.48 15.16 9.87 6.81
8.0 - < 9.0 11.27 12.79 11.03 18.85 26.24 24.35 19.31 18.18 21.23 22.29 17.30 12.89
9.0 - < 10.0 16.11 15.38 16.32 21.53 17.81 12.97 9.32 7.97 15.13 19.98 21.65 19.60

10.0 - < 11.0 18.97 17.60 16.27 17.72 9.32 4.83 3.56 4.92 10.38 13.50 19.50 21.76
11.0 - < 12.0 17.42 16.10 13.11 11.37 4.52 1.68 1.21 2.45 6.57 9.84 12.25 16.81
12.0 - < 13.0 12.68 9.38 7.66 4.07 1.66 0.85 0.69 1.27 3.42 4.37 6.17 10.26
13.0 - < 14.0 6.50 5.25 3.34 2.62 0.79 0.48 0.39 0.39 2.35 2.52 3.97 5.24
14.0 - < 15.0 2.69 2.32 1.50 1.05 0.19 0.43 0.32 0.45 0.80 1.19 1.58 2.55
15.0 - < 16.0 0.53 0.67 0.40 0.05 0.02 0.13 0.35 0.13 0.18 0.27 0.35 0.55
16.0 - < 17.0 0.07 0.13 0.02 0.08 0.03 0.02 0.02
17.0 - < 18.0 0.03 0.05 0.08 0.02
18.0 - < 19.0 0.05

Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  
 

 
3.3.2.3. Percentage Occurrence of Significant Wave Height and Spectral Peak Period 
Table 3.13 presents the frequency of the joint occurrence of significant wave height and spectral peak 
period for the 50-year period of the hindcast dataset.  Ice is present 2.5 percent of the time during this 
period.   
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Table 3.13. Frequency of the joint occurrence of significant wave height and spectral peak period. 
 

Frequency of Joint Occurrence (%) of Significant Wave Height and Spectral peak Period
Spectral Significant Wave Height (m)

Peak Ice >0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0
Period 0 to to to to to to to to to to to to to to Totals

(s) < 1.0 < 2.0 < 3.0 < 4.0 < 5.0 < 6.0 < 7.0 < 8.0 < 9.0 < 10.0 < 11.0 < 12.0 <13.0 <14.0
0 2.50 2.50

> 0 - < 1.0 0.00
1.0 - < 2.0 0.00
2.0 - < 3.0 0.00
3.0 - < 4.0 0.01 0.02 0.03
4.0 - < 5.0 0.03 0.41 0.02 0.46
5.0 - < 6.0 0.20 3.27 0.54 0.02 4.03
6.0 - < 7.0 0.62 5.49 4.28 0.34 0.01 10.74
7.0 - < 8.0 0.46 7.59 5.35 2.37 0.16 15.93
8.0 - < 9.0 0.07 7.60 4.60 4.17 1.47 0.08 17.99
9.0 - < 10.0 0.10 3.85 5.95 2.96 2.38 0.82 0.06 16.12

10.0 - < 11.0 0.05 1.66 4.96 3.18 1.57 1.25 0.44 0.06 0.01 13.18
11.0 - < 12.0 0.02 0.80 2.23 3.16 1.49 0.79 0.57 0.26 0.09 0.01 9.42
12.0 - < 13.0 0.01 0.36 0.83 1.48 1.14 0.55 0.27 0.20 0.20 0.14 0.02 5.20
13.0 - < 14.0 0.19 0.42 0.57 0.63 0.41 0.21 0.08 0.07 0.11 0.09 0.02 2.80
14.0 - < 15.0 0.11 0.18 0.25 0.26 0.18 0.11 0.05 0.02 0.02 0.03 0.03 0.02 1.26
15.0 - < 16.0 0.05 0.04 0.04 0.06 0.04 0.04 0.01 0.01 0.01 0.01 0.31
16.0 - < 17.0 0.01 0.01 0.02
17.0 - < 18.0 0.01 0.01

Totals 2.50 1.57 31.40 29.41 18.55 9.18 4.12 1.70 0.66 0.40 0.28 0.14 0.06 0.03 0.00 100.00
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
3.3.3. Air and Sea Surface Temperatures  
 
Air and surface temperature data for the Project Area were extracted from the ICOADS dataset.  
Monthly mean values were computed and these statistics are presented in Figure 3.8.  In the winter 
season, average sea surface temperatures are warmer than the mean air temperatures; the opposite is the 
case during the summer season.  Because of this, the lower portion of the atmosphere is generally 
unstable during the winter months and stable in the spring and summer months.  Monthly average air 
temperatures are evidently just below zero Celsius at the coldest time of the year and about 14.4° C in 
August, the warmest month.  The range of sea surface temperatures is smaller than that for air 
temperatures, an artifact of the higher heat capacity of the ocean. 

 



Petro-Canada’s 3-D Seismic Program LGL Limited 
Environmental Assessment Page 27 

Monthly Mean Air and Sea Surface Temperatures
From ICOADS Data for area 46.00N to 47.25N and 48.0W to 49.0W, 1975 to 2005
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Figure 3.8. Monthly average air and sea surface temperatures. 
 
Table 3.14 contains monthly mean air and sea surface temperatures statistics for the specified ICOADS 
area. During the spring the air heats up faster than the sea giving a difference in mean temperatures of 
1.4 degrees in July. This difference declines quickly in August. 
 
Table 3.14. Monthly air and sea surface temperature statistics. 
 

Air and Sea Surface Temperatures 
Monthly Means and Standard Deviations

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Air Mean 0 -0.6 0.3 1.8 4.1 7.1 11.8 14.4 12.8 9.2 5.1 2.2

St. Deviation 3.1 3.3 2.8 2.4 2.3 2.4 2.5 2.3 2.4 3 2.9 3.2

Sea Mean 0.8 0.2 0.2 0.9 3 5.9 10.4 13.9 13.1 9.6 5.4 2.8
St. Deviation 1.3 1.2 1 1.2 1.7 1.8 2.2 2 1.9 2.3 2 1.8

Air minus Sea Surface -0.8 -0.8 0.1 0.9 1.1 1.2 1.4 0.5 -0.3 -0.4 -0.3 -0.6
Temperatures (means)  

Source: ICOADS Data for area 46.00N to 47.25N and 48.0W to 49.0W, 1975 to 2005. 
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3.3.4. Visibility  
 
Visibility data were extracted from the ICOADS observational dataset and are summarized in Table 3.15 
and Figure 3.9. Fog is deemed to reduce visibility to less than 1 km.  During the warmer months 
visibility is restricted by drizzle, mist and fog; in the winter season snow or snow showers also cause 
reduced visibility. 
 
Table 3.15. Percentage Frequency of Occurrence of Visibility Reports 
 

Percentage Frequency of Occurrence of Visibility Reports 
Visibility Month
Range Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
> 1 km 9.7 12.8 12.0 23.5 31.6 34.0 45.1 23.5 11.8 8.4 11.6 10.6

1 km to < 10 km 18.1 18.4 18.0 17.6 16.1 16.1 12.8 13.9 12.8 12.5 14.6 18.2
>= 10 km 72.2 68.8 70.0 58.9 52.3 49.9 42.1 62.6 75.5 79.1 73.8 71.2  

Source: ICOADS Data for area 46.00N to 47.25N and 48.0W to 49.0W, 1975 to 2005. 

 
From ICOADS Data for area 46.00°N to 47.25°N and 48.0°W to 49.0°W, 1975 to 2005. 
 
Figure 3.9. Percent frequency of occurrence of visibility ranges. 
 
The lowest visibility conditions occur in July with visibilities of less than 1 km being reported in 45.1% 
of reports.  This is largely due to fog. Primarily, the type of fog is advection fog, which is formed as 
relatively warm, moist air is advected over the colder water surface. Figure 3.10 plots the difference in 
the mean air and sea surface temperatures and the incidence of visibilities less than 1 km. Good visibility 
with no restriction (10 km or more) was reported in only 42.1 % of the observations in July.  October 
has the highest percentage of good visibility reports with a value of 79.1%.    
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Figure 3.10. Mean air/sea temperature differences and percent occurrence of visibility less than 1 km. 
 
3.3.5. Wind and Wave Extreme Value Analysis 
 
The wind and wave extreme analysis was carried out from the AES-40 data set at grid point 5622 for 50 
years of data between July 1, 1954 and June 30, 2004.  Grid point 5622 is located at 46.88°N; 48.33°W, 
within the Project Area.  Waves were hindcast by Oceanweather using their third-generation wave 
model.  The hindcast wind fields gave modeled waves that closely resembled the waves measured at 
offshore buoys and observations from offshore platforms, thus validating the data set.  The data has been 
generated using time steps of 6 hours.  In some storms, particularly those of short duration, the peak 
winds may get missed due to the length of the sampling period.  A shorter sampling period would be 
more desirable. However, the AES-40 dataset has been a major improvement over previous data sets 
because of the many years of continuous data. 
 
The extreme values for wind and waves were calculated using the peak-over-threshold method. After 
considering four different distributions, the Gumbel Distribution was chosen as the most appropriate 
because it gave the best fit to the data.  A sensitivity analysis was conducted to determine how many 
storms to use in the analysis, because the extreme values can vary depending on how well the data fits 
the distribution function.  The sensitivity analysis showed that the Gumbel Distribution had a good fit 
using 228 storms when all the data were considered in calculating the yearly extremes.  For monthly 
extremes the top 55 storms were used in the analysis.  This number of storms was chosen in order to 
give a consistent threshold value for waves during the winter months as compared to all months 
combined.  This represents a significant wave height threshold value of 8.0 m.  A plot of the correlation 
coefficient versus the number of storms is shown in Figure 3.11. 
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Variation of Gumbel Correlation Coefficient with # of Storms
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Figure 3.11. Correlation coefficient for significant wave height using a Gumbel Distribution. 
 
3.3.5.1. Extreme Value Estimates for Winds from a Gumbel Distribution 
 
The extreme value estimates for wind were calculated using Oceanweather’s software programs for 
return periods of 1-year, 10-years, 25-years, 50-years and 100-years.  The values calculated for each 
month and all months combined are given in Table 3.16.  The extreme value analysis used hourly wind 
values for the reference height of 10 m asl.  The 10-minute and 1-minute winds were calculated from the 
1-hour mean values using a constant ratio of 1.06 and 1.22 respectively (U.S. Geological Survey 1979).  
The 100-year extreme wind speed was 31.2 m/s.  The 1-year, 10-year, 25-year, and 50-year extreme 
wind speeds were 24.4 m/s, 27.8 m/s, 29.2 m/s, and 30.2 m/s, respectively.  These values may be 
slightly underestimated due to the 6-hour time interval in the data.  It is highly probable that some of the 
peaks in the wind speed have been missed by the hindcasting methodology.  The Gumbel distribution fit 
for the wind data values, using the 228 storms, is presented in Figure 3.12.  
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Table 3.16. Extreme wind estimates for return periods of 1, 10, 25, 50 and 100 years for winds 
corresponding to different averaging periods, at 10 m asl.   

 

 
 
 

Month 1.00 10.00 25.00 50.00 100.00
JAN 21.24 25.39 26.61 27.51 28.41
FEB 21.24 26.82 28.45 29.66 30.87
MAR 18.78 23.97 25.50 26.63 27.75
APR 16.95 22.65 24.32 25.56 26.80
MAY 15.39 19.33 20.48 21.34 22.19
JUN 14.09 18.63 19.96 20.95 21.93
JUL 12.87 17.18 18.44 19.38 20.31
AUG 14.14 18.93 20.34 21.38 22.42
SEP 16.31 21.95 23.60 24.83 26.05
OCT 17.30 22.61 24.17 25.33 26.48
NOV 19.20 23.89 25.27 26.29 27.30
DEC 20.20 25.98 27.67 28.92 30.17
ALL 24.38 27.84 29.16 30.16 31.15

Month 1.00 10.00 25.00 50.00 100.00
JAN 22.51 26.91 28.21 29.16 30.11
FEB 22.51 28.43 30.16 31.44 32.72
MAR 19.91 25.41 27.03 28.23 29.42
APR 17.97 24.01 25.78 27.09 28.41
MAY 16.31 20.49 21.71 22.62 23.52
JUN 14.94 19.75 21.16 22.21 23.25
JUL 13.64 18.21 19.55 20.54 21.53
AUG 14.99 20.07 21.56 22.66 23.77
SEP 17.29 23.27 25.02 26.32 27.61
OCT 18.34 23.97 25.62 26.85 28.07
NOV 20.35 25.32 26.79 27.87 28.94
DEC 21.41 27.54 29.33 30.66 31.98
ALL 25.84 29.51 30.91 31.97 33.02

Month 1.00 10.00 25.00 50.00 100.00
JAN 25.91 30.98 32.46 33.56 34.66
FEB 25.91 32.72 34.71 36.19 37.66
MAR 22.91 29.24 31.11 32.49 33.86
APR 20.68 27.63 29.67 31.18 32.70
MAY 18.78 23.58 24.99 26.03 27.07
JUN 17.19 22.73 24.35 25.56 26.75
JUL 15.70 20.96 22.50 23.64 24.78
AUG 17.25 23.09 24.81 26.08 27.35
SEP 19.90 26.78 28.79 30.29 31.78
OCT 21.11 27.58 29.49 30.90 32.31
NOV 23.42 29.15 30.83 32.07 33.31
DEC 24.64 31.70 33.76 35.28 36.81
ALL 29.74 33.96 35.58 36.80 38.00

Monthly Wind Speed Extremes at Grid Point # 5622 (46.88N 
48.33W)

Wind Speed 1-min (m/s)

Wind Speed 10-min (m/s)

Wind Speed 1-hr (m/s)
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Figure 3.12. Distribution fit for wind data using 228 storms. 
 
3.3.5.2. Extreme Value Estimates for Waves from a Gumbel Distribution 
 
The extreme value estimates for waves for return periods of 1-year, 10-years, 25-years, and 50-years and 
100-years are given in Table 3.17.  Similar to winds, the values were calculated for each month 
considered separately and for all months combined.  The 100-year extreme significant wave height was 
15.1 m.  The 1-year, 10-years, 25years, and 50-years extreme significant wave heights were 10.4 m, 12.8 
m, 13.7 m, and 14.4 m respectively.  The highest extreme significant wave height is expected to occur 
during February.  Extreme value estimates were also calculated for the maximum wave heights and for 
the spectral peak periods associated with the significant wave heights.  The maximum individual wave 
heights are calculated within the OSMOSIS software by evaluating the Borgman integral (Borgman 
1973), which was derived from a Rayleigh distribution function.  The variant of this equation used in the 
software has the following form (Forristall 1978):   
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Table 3.17. Extreme wave estimates for return periods of 1, 10, 25, 50, and 100 years. 
 

Joint Probability of Extreme Wave Heights and Spectral Peak Periods 

Month 1.0 10.0 25.0 50.0 100.0
JAN 8.4 11.8 12.8 13.5 14.3
FEB 7.8 11.9 13.1 13.9 14.8
MAR 6.2 9.5 10.5 11.2 11.9
APR 5.1 8.4 9.3 10.0 10.7
MAY 4.0 6.8 7.6 8.2 8.8
JUN 3.3 5.9 6.6 7.2 7.7
JUL 3.1 5.0 5.6 6.0 6.4
AUG 3.6 5.3 5.8 6.2 6.6
SEP 4.4 8.1 9.2 10.0 10.8
OCT 5.3 9.1 10.2 11.1 11.9
NOV 6.5 10.4 11.6 12.4 13.3
DEC 8.0 11.4 12.4 13.1 13.8
ALL 10.4 12.8 13.7 14.4 15.1

Month 1.0 10.0 25.0 50.0 100.0
JAN 15.9 22.1 24.0 25.3 26.7
FEB 14.7 22.6 25.0 26.7 28.4
MAR 11.9 18.2 20.0 21.4 22.7
APR 10.0 15.7 17.3 18.6 19.8
MAY 7.7 13.5 15.2 16.4 17.7
JUN 6.6 11.1 12.4 13.4 14.4
JUL 6.0 9.5 10.6 11.3 12.1
AUG 7.0 10.1 11.0 11.7 12.4
SEP 8.5 15.1 17.0 18.5 19.9
OCT 10.2 17.1 19.1 20.6 22.1
NOV 12.4 19.5 21.6 23.2 24.7
DEC 14.9 21.2 23.0 24.4 25.7
ALL 19.6 24.2 26.0 27.3 28.6

Month 1.0 10.0 25.0 50.0 100.0
JAN 12.3 14.3 14.9 15.3 15.6
FEB 11.8 14.2 14.8 15.2 15.6
MAR 11.9 13.0 13.3 13.5 13.6
APR 10.8 12.4 12.8 13.1 13.3
MAY 9.7 11.5 11.9 12.2 12.5
JUN 8.1 10.6 11.2 11.7 12.1
JUL 8.2 10.1 10.6 11.0 11.3
AUG 8.9 10.4 10.8 11.0 11.3
SEP 10.0 12.1 12.6 12.9 13.2
OCT 10.7 12.6 13.0 13.3 13.6
NOV 11.8 13.4 13.8 14.1 14.3
DEC 12.5 14.0 14.4 14.7 14.9
ALL 13.5 14.7 15.2 15.5 15.8

Monthly Wave Extremes at Grid Point # 5622 (46.88N 48.33W)

Maximum Wave Height (m)

Significant Wave Height (m)

Associated Peak Period (sec)
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where h is the significant wave height, T is the wave period, M0 and M1 are the first and second spectral 
moments of the total spectrum.  The associated peak periods are calculated by plotting the peak periods 
of the chosen storm peak values versus the corresponding significant wave heights.  This plot is fitted to 
a power function (y = axb), and the resulting equation is used to calculate the peak periods associated 
with the extreme values of significant wave height.  The extreme significant wave heights, maximum 
wave heights, and associated peak periods are presented in Table 3.17.  A graph showing how well the 
Gumbel Distribution fit the significant wave height data for the selected 228 storms is presented in 
Figure 3.13.  
 

 
 
Figure 3.13. Distribution fit for wave data using 228 storms. 
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In order to examine the period ranges of storm events, an environmental contour plot was produced 
showing the probability of the joint occurrence of significant wave heights and the spectral peak periods 
using the methodology of Winterstein et al. (1993).  The environmental contour plot is presented in 
Figure 3.14.  The wave heights were fitted to a Weibull Distribution and the peak periods to a lognormal 
distribution.  The wave data was divided into bins of 1 metre for significant wave heights and 1 second 
for peak periods.  Since the lower wave values were having too much of an impact on the wave 
extremes, the wave heights below 2 metres were modeled in a separate Weibull Distribution.  The two 
Weibull curves were combined where they overlap, near 1.5 metres, the point where both functions 
generated the same wave and period values for the same probability. 
 
Three-parameter Weibull Distributions were used with a scaling parameter α, shape parameter β, and 
location parameter γ.  The three parameters were solved by using a least square method, the maximum 
log likelihood, and the method of moments.  The following equation was minimized to get the 
coefficients: 

 
where hi is the endpoint of the height bin (1.0, 2.0, …) and CDi is the cumulative probability of the 
height bin.  Using a minimizing function, the three parameters α, β and γ were calculated. 
 
A lognormal distribution was fitted to the spectral peak periods in each wave height bin.  The coefficient 
of the lognormal distribution was then calculated.  Using the coefficients and the two distribution 
functions, the joint wave height and period combinations were calculated for the various return periods.  
The values were plotted and the contours produced are shown in  for return periods of 1-year, 10-years, 
25-years, 50-years, and 100- years.  The values for the significant wave height estimates and the 
associated spectral peak periods are given in Table 3.18.  The 100-year extreme wave height using the 
Weibull Distribution on the complete data set was 15.6 m as compared to 15.1 m using a Gumbel 
Distribution on a selected number of storms.   
  
Table 3.18. Extreme wave estimates and spectral peak periods for all months combined. 
 

Return Period 
(years) 

Significant Wave 
Height 

(m) 

Spectral Peak 
Period(s) Median 

Value 

Peak Period(s) 
Lower limit 

Peak Periods (s) Upper 
Limit 

1 10.9 13.9 11.9 13.9 
10 13.3 15.1 13.5 15.1 
25 14.3 15.6 14.1 15.6 
50 15.0 15.9 14.6 15.9 
100 15.6 16.2 15.0 16.2 
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Figure 3.14. Environmental contour plot for the Study Area. 
 

Environmental Contours for Terra Nova site near 46.88oN 48.33oW
Data from AES Hindcast July 1954 - June 2004 
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3.3.5.3. Comparison of Extreme Values to an Extreme Event 
 
The Gumbel extreme value of 14.4 m for the 50-year extreme significant wave height compares 
reasonably well to the value of 15.0 m obtained from the joint probability distribution.  Both of these 
values are comparable to the highest significant wave height value observed during a recent extreme 
storm event.  On 11 February 2003, a very intense storm moved across the Grand Banks.  A waverider 
buoy in the area recorded a peak significant wave height of 14.7 m.  This value falls between the two 
calculated 50-year extreme significant wave heights that were derived in this report.  A storm with a 
return period of 50 years means that the calculated significant wave height will occur once every 50 
years, averaged over a long period of time.  It is entirely possible that this event was a 50-year or even a 
100-year storm, as it was the highest recorded significant wave height in a near continuous waverider 
data set extending back to early 1999.  The previous highest recorded value in this data set was 12.5 m.  
If more occurrences of an event of this magnitude are observed, the calculated statistics would 
consequently begin to increase.  This event is lower than the calculated extremes for the 100-year return 
period, which were 15.1 m from the Gumbel distribution and 15.6 m from the joint distribution.  If this 
event represents a very rare occurrence, then the calculated statistics would begin to decrease as the 
dataset of observed values increases. 
 
3.3.6. Interannual Variability and Short-term Climate Trends 
  
Marine weather conditions over the Grand Banks vary over a large range of time scales from the very 
short term (hours to days), to seasonally, and to longer time periods in response to small and large scale 
changes of atmospheric circulation patterns.  Short-term meteorological variations are largely a 
consequence of the passage of synoptic weather systems: low pressure systems and high pressure areas, 
and troughs and ridges.  The energetics of these features varies seasonally in accordance with the 
changes in the strength of the mean south to north temperature gradient and the upper level circulation 
pattern.  As a consequence, winter weather systems are more intense than during the summer season.  
Figure 3.15 illustrates winter and summer seasonal variations at grid point 5622 from the AES-40 wind 
and wave hindcast dataset.  A time-series of seasonal mean wind speeds and mean significant wave 
heights are shown for both winter (December, January, and February) and summer (June, July, and 
August).  As is typically the case, seasonal variability is greater during the winter than during the 
summer months for both wind speeds and wave heights.  
 
The AES-40 hindcast dataset is of sufficient length to carry out investigations of short-term wind and 
wave climate variability studies over the North Atlantic Basin (e.g., Wang and Swail 2002) but 
validations must be made to ensure that the hindcast results accurately reflect true climatic variations.  
Swail et al. (2003) investigate several wind statistic trends for the Sable Island area using two hindcast 
datasets (including AES-40), measured wind data, and pressure field computed wind data.  The results 
show trends varying from slowing decreasing, to no change, and to slowly increasing with time over the 
40-year period.  The authors suggest that wind and wave hindcast datasets may be affected by a 
‘creeping inhomogeneity’ as a consequence of the increased data density and increasing 
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Winter (DJF) and Summer (JJA) Seasonal Mean 
Wind Speed and Significant Wave Height 

(AES-40 Grid Point 5622)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Year

W
in

d 
sp

ee
d 

(m
/s

)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Si
gn

ifi
ca

nt
 W

av
e 

H
ei

gh
t (

m
)

DJF seasonal mean wind speed

JJA seasonal mean wind speed

DJF seasonal mean significant wave height

JJA seasonal mean significant wave height

 
Figure 3.15. Winter and summer seasonal variability of mean wind speed and mean significant wave 

height at AES-40 Grid Point 5622. 
 
 
anemometer heights on board ships with time but that the AES-40 hindcast ‘should be truer indication of 
the more intangible creeping inhomogeneities in the reanalysis process, …’. They conclude that ‘trends 
are generally consistent with the analysis measurements from weather ships, transient ships, and...,’ and 
suggest that ‘hindcasts may provide a good upper bound to true trends in the wind and wave climate’. 
 
3.3.6.1. The North Atlantic Oscillation and Wind and Wave Trends over the Grand Banks 
 
The dominant features of the mean sea level pressure pattern in the North Atlantic Ocean are the semi-
permanent area of relatively low pressure in the vicinity of Iceland and the sub-tropical high pressure 
region near the Azores.  The relative strengths of these features vary with large scale dynamic and 
thermodynamic variations of the atmosphere-ocean system and the fluctuating pressure differences, 
which serve to indicate the strength of the average near zonal (approximately west to east) surface flow 
across the Northeast Atlantic Ocean, are known as the North Atlantic Oscillation (NAO).  The NAO has 
been associated with marine climate variability over the North Atlantic Ocean generally (e.g., Marshall 
et al. 2001).   Indices based on these surface pressure differences (e.g., Jones et al. 1997) are often used 
in an examination of the variability of marine weather and oceanographic condition variations 
throughout the North Atlantic Ocean.  In general, over the northwest Atlantic / Labrador Sea during the 
winter season, a high NAO index value is associated with colder temperatures, relatively stronger winds, 
and typically greater ice cover, and vice versa. 
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Figure 3.16 is a plot of seasonal NAO indices for the period of the AES-40 wind and wave hindcast 
dataset.  Seasonal average index values for the summer (June, July, and August) and winter (December, 
January, and February) are shown along with linear trend lines.  In summer, the variability was 
relatively greater in the period 1985 - 2000, approximately, than previously or afterward, but the trend 
over the full period is seen to be flat.  Larger variability is evident in the winter season data, with 
generally high positive values from the late 1980s through the late 1990s, leading to a positive slope of 
the linear tread line over the period.   

Time-series of Mean Summer (JJA) and Winter (DJF) North Atlantic Oscillation (NAO) Indices
(1954 - 2004)
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Figure 3.16. NAO Index in summer and winter. 
 
 
Scatter plots of seasonally averaged NAO index against mean wind speed and mean significant wave 
heights for AES-40 grid point 5622 are shown in Figures 3.17 and 3.18 for summer and winter months, 
respectively.  Linear trends lines are also shown on the plots.  In the summer months, both wind speeds 
and wave heights generally increase with higher NAO index values.  During winter, seasonal mean wind 
speeds evidently increase with increasing NAO index in accordance with general expectations.  The 
trend for the seasonal mean significant wave heights is slightly decreasing however, perhaps indicating 
reduced fetch as a consequence of a larger ice cover over the northwest Atlantic, although this has not 
been investigated here. 
 
Time-series of seasonal wind speed and significant wave height statistics for summer and winter seasons 
are shown in Figures 3.19 through 3.22.  The seasonal mean, along with the 90th and 99th percentile are 
shown for both wind speed and significant wave height.  Linear trend lines are also shown for each 
statistic. 
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Summer (Jun, Jul, Aug) NAO Index  vs Seasonal Mean Wind Speed and Significant Wave Height
(AES-40 Grid point 5622, 1954 - 2004* )
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Figure 3.17. Summer NAO Index and seasonal mean wind speed and significant wave height. 

Winter (Dec, Jan, Feb) NAO Index  vs Seasonal Mean Wind Speed and Significant Wave Height
(AES-40 Grid Point 5622, 1954 - 2004)
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Figure 3.18. Winter NAO Index and seasonal mean wind speed and significant wave height. 
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Summer (June, July, and August) Time-Series of Mean Wind Speed Statistics 
(AES-40 Grid Point 5622)
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Figure 3.19. Summer mean wind speed time series. 

Summer (June, July, and August) Time-Series of Mean Significant Wave Height Statistics 
(AES-40 Grid Point 5622)
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Figure 3.20. Summer mean significant wave height time-series. 
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Winter (December, January, & February) Time-Series of Mean Wind Speed Statistics 
(AES-40 Grid Point 5622)
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Figure 3.21. Winter mean wind speed time-series. 

Winter (December, January, & February) Time-Series of Mean Significant Wave Height Statistics 
(AES-40 Grid Point 5622)
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Figure 3.22. Winter mean significant wave height time-series. 
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Summer mean wind speeds and significant wave heights (Figures 3.19 and 3.20) show a long term 
upward trend. For both winds and waves, the trend for the seasonal means and the 90 percentile are 
similar with the 99 percentile showing a greater increase over time.  
 
Winter mean wind speeds and significant wave heights (Figures 3.21 and 3.22) show a long term 
upward trend. For both winds and waves the trend for the seasonal means and the 90 percentile are 
similar. The wave height 99 percentile shows a greater increase over time with the wind speed 99 
percentile showing only a slightly greater increase over time. 
 
3.4. Physical Oceanography 
 
A description of water masses and currents in and near the Study Area was provided in Petro-Canada’s 
VSP EA (Appendix A in LGL 2006) and Husky’s 3-D Seismic EA (Section 4.4 in LGL 2005a).  The 
reader is referred to these documents for information on water masses and currents.  These aspects of the 
environment are not expected to affect the Project. 
 
3.5. Ice and Icebergs 
 
The ice environment in and near the Study Area was recently reviewed in Husky’s 3-D Seismic EA 
(Section 4.5 in LGL 2005a); the reader is referred to this document for a detailed review of the subject.  
To summarize, the Study Area lies on the eastern slope of the continental shelf making it susceptible to 
seasonal incursions of ice.  Two different forms of floating ice: sea ice and icebergs are present in this 
marine environment.  Sea ice is typically present in and near the Study Area for four weeks (range 1-11 
weeks) but outside of the temporal boundaries of the proposed Project.  Historically sea ice incursions 
have occurred from mid-January though to the end of April, with the peak period from mid-February 
through to mid-April (LGL 2005a). The major iceberg influx near the Study Area peaks in May but are 
at high levels from March through to June.  Based upon the PAL database for 1989-2001, approximately 
50 icebergs have occurred in or near the Study Area on average per year (maximum ~200 icebergs/year; 
LGL 2005a).     
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4.0 Biological Environment 
 
4.1. Ecosystem 
 
An ecosystem is an inter-related complex of physical, chemical, geological, and biological components 
that can be defined at many different scales.  These range from a relatively small area that may only 
contain one habitat type, (e.g., a shelf) to a relatively large regional area ecosystem which is 
topographically and oceanographically complicated with shelves, slopes, and valleys and several major 
water masses and currents (e.g., the NW Atlantic).  This EA focuses on components of the ecosystem 
such as fish habitat, selected species and stages of fish (including invertebrates), seabirds, sea turtles, 
and marine mammals that are important economically and socially, and have potential to interact with 
the 3-D seismic survey (the Project).  This is the valued ecosystem component (VEC) approach to EA 
which is detailed in Section 5.2.  The VECs and/or their respective groups are discussed in the following 
sections.  The Project has no potential to cause significant effects at the ecosystem level and thus the 
discussion in the following sections is limited to only those key parts of the ecosystem that could be 
affected, albeit in very minor ways. 
 
4.2. 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 through the utilization of sunlight and nutrients (e.g., nitrogen, phosphorus, silicon); this process 
is called primary production.  Herbaceous zooplankton (e.g., calanoid copepods, the dominant 
component of northwest 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, sea turtles, and marine mammals congregate to feed.  Production 
is enhanced in areas of bottom upwelling where a combination of bottom topography, wind and currents 
bring nutrient-rich bottom water to the surface.  An example of a well-known area of bottom upwelling 
is the anchovy fishery off the west coast of South America.  Frontal areas are where two dissimilar water 
masses meet to create lines of convergence which concentrate plankton and predators alike.  An example 
of this phenomenon is the semi-permanent front between waters of Gulf Stream origin and waters of 
Labrador Current origin.  The two physical processes (upwelling and fronts) may be found together in 
varying degrees, particularly in coastal areas. 
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Continuous Plankton Recorder (CPR) data collected between 1991 and 2000 along the Z-line running 
between Iceland and Newfoundland, showed that after 1991, densities of phytoplankton increased, and 
zooplankton decreased in the region west of 45ºW (Sameoto 2004a,b).  There have been suggestions that 
these changes are linked to changes in the Labrador Current.   These data are at least generally 
applicable to the Project Area.  Since 1991, phytoplankton in the general vicinity of the Project Area has 
been densest during the April to June period, followed by the October to December period.  Total 
euphausiid abundance (zooplankton) during the same 1991-2000 period has generally been greatest 
during the July to September period, followed by the April to June period. 
 
In the northwest Atlantic, there is generally a spring plankton bloom which is often followed by a 
smaller bloom in the fall.  This general pattern likely applies to the Study Area.  There may be areas of 
enhanced production in the Study Area, particularly in its eastern side that is nearest the slope region.  
 
Since the Project has no potential to significantly affect phytoplankton or zooplankton at the ecosystem 
level, plankton are not discussed further in this EA other than references to their relationship with VECs 
(e.g., fish, marine mammals), in terms of invertebrate and fish spawning areas, and with respect to 
discussion of the effects of exposure to seismic energy.  
 
4.3. Benthos 
 
Benthos includes plants (flora) and animals that live in (infauna) or on (epifauna) the sea bottom.  The 
marine benthos is quite diverse, including micro- and macroalgae, invertebrates such as polychaete 
worms, molluscs and crustaceans, and certain fish species (e.g., flatfish).  The composition of the 
benthic community is highly related to substrate type and water depth.  The benthos is obviously a very 
important component of the benthic habitat and represents important food sources for both lower and 
higher trophic animal species.  While there has not been intensive sampling of the benthos in the Study 
Area, it is likely that a diversity of species from all of the above-named groups occurs in the area. 
 
Snow crab (Chionoecetes opilio) is an important crab species known to occur within the Study Area.  
Another noteworthy invertebrate that occurs within the Study Area is the northern shrimp (Pandalus 
borealis).  While northern shrimp migrate vertically between the bottom and the upper water column, 
the species is considered benthic for the purposes of this EA.  Spatial and temporal specifics regarding 
the occurrence and reproduction of snow crab and northern shrimp are presented in a later section 
(Section 4.4.4) that profiles important commercial fishery species.  
 
Historically, other than for some commercial species of fish and crab, there has been little or no concern 
expressed by stakeholders or the scientific community about either surface-operated seismic surveys on 
bottom communities, particularly in deep water areas. 
 
Epibenthic invertebrate species caught during the White Rose baseline characterization program in 2000 
included snow crab, Iceland scallop, toad crab, various echinoderms and sponges (Husky 2000). 
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Benthic infauna collected during the same program was dominated by polychaetes which accounted for 
about 80% of the organisms in the samples.  Other infauna included molluscs, crustaceans and 
echinoderms. 
 
The infauna determined from 200 grab samples collected during a three-year trawling impact study 
(1993 to 1995) near White Rose has been described by Kenchington et al. (2001).  The sediment 
samples contained 246 taxa (species or species groups), primarily polychaetes, crustaceans, echinoderms 
and molluscs.  The biomass was dominated by propeller clams (Cyrtodaria siliqua) and sand dollars 
(Echinarachnius parma).  The brittlestar Ophiura sarsi, the bivalve Macoma calcarea, and the sea 
urchin Strongylocentrotus pallidus also contributed substantially to the biomass collected.  Abundance 
was dominated by the polychaetes Prionospio steenstrupi and the mollusc Macoma calcarea.  Other 
species that were relatively abundant included the polychaetes Chaetozone setosa, Spio filicornis, and 
Nothria conchylega, the amphipod Priscillina armata, and the sand dollar. 
 
Deep-water corals are common in certain areas in Atlantic Canada.  They are found primarily below the 
200 m depth contour along the edge of the continental slope, in canyons or in channels between banks.  
Some soft corals are common in shallower areas on the continental shelf (Mortensen et al. 2006).  Water 
depths within the Study Area typically do not exceed 200 m. 
 
The distribution of deep-water corals is patchy and influenced by several environmental factors 
including substrate, temperature, salinity and currents.  The substrate largely determines which species 
can occur.  For example, gorgonians (horny corals) are most common on cobble and boulder but some 
also have anchorage apparatus for attachment in soft sediments (Mortensen et al. 2006). 
 
Deep-water corals are known to provide habitat for a variety of invertebrate and fish species.  For 
example, redfish have been observed in close association with deep-water corals.  Fisheries and Oceans 
Canada have recently created three conservation areas to protect deep-water corals from damage due to 
fishing activity; the Northeast Channel between Georges Bank and the southwest Scotian Shelf, the 
Gully on the southern Scotian Shelf, and the Stone Fence at the southern end of the Laurentian Channel.  
None of these areas occur within the Study Area (Mortensen et al. 2006). 
 
Mortensen et al. (2006) present distribution maps of deep-water corals based on bycatch in DFO 
groundfish trawl surveys (1999-2001), fishery observer reports (2000-2001), and local ecological 
knowledge of Newfoundland fishermen.  Mapped distributions near the Study Area include Paragorgia 
arborea (Bubble Gum Coral) on the upper slope region of the southern Flemish pass, Primnoa 
resedaeformis (Sea Corn) on the slope region near the northern part of the Study Area, and Paramuricea 
spp. (Black Coral) along the eastern slope region of the Tail of the Bank 
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4.4. Invertebrates and Fish 
 

4.4.1. Marine Habitats 
 
Based on physical habitat characteristics, both the Project Area and the Study Area occur on the 
continental shelf where water depth is less than 200 m.  A very small portion of the northeastern Study 
Area extends into the slope area.  Approximately half of both the Project Area and Study Area has water 
depths <100 m.  The Study Area occurs in a relatively homogenous gravel/sand habitat. 
 
Marine invertebrates and fish that occur in the Study Area occupy a variety of marine habitats.  Gross 
classification of these habitats include benthic, demersal and pelagic, each of which can be divided into 
finer classifications.  While some of the invertebrate and fish fauna in each of these habitats are 
important in the commercially fisheries prosecuted within the Study Area, all are ecologically important. 
 
4.4.2. Invertebrate and Fish Spawning 
 
Ollerhead et al. (2004) mapped the spawning times and locations for ten commercially important fish 
and invertebrate species found on the Grand Banks.  Mapping was based on data collected on DFO 
research surveys between 1965 and 2003.  Ollerhead et al. (2004) identified spawning within the Study 
Area by Atlantic cod (April to June with peak in May), northern shrimp which mate and extrude during 
summer/early fall, American plaice (May and June), redfish (June) and witch flounder (May and 
August)).  Redfish spawning within the Study Area was minimal in the extreme northeast.   Given the 
high occurrence of snow crab within portions of the Study Area, it is logical to speculate that this crab 
species also spawns here, likely in spring/early summer. 
 
The distributions of snow crab larvae have been determined at numerous Grand Banks stations sampled 
during late summer pelagic surveys between 1991 and 1999 (Dalley et al. 2001).  An increase in snow 
crab larvae abundance was observed from 1991 to 1994, followed by lower densities in 1995 and 1996.  
A dramatic increase was seen in 1997, followed by a dramatic drop in 1998, and then another substantial 
increase in 1999.  Dalley et al. (2001) pointed out that the discontinuous nature of snow crab larvae 
distribution and their low abundance compared to the dominant invertebrate zooplankton species 
probably resulted in considerable underestimation.  Highest densities were indicated immediately east 
and northeast of the Avalon Peninsula, outside of the proposed Study Area. 
 
4.4.3. Sensitive/Special Areas 
 
Although there are probably important feeding areas for fish, seabirds, sea turtles and marine mammals, 
particularly in localized upwelling areas that may be associated with slopes, there are no designated 
marine protected areas (MPAs) in, or immediately adjacent to, the Study Area.  Special/sensitive areas 
are discussed further in the following relevant sections. 
 



 

Petro-Canada’s 3-D Seismic Program LGL Limited 
Environmental Assessment Page 48 

In April 2003, R.G. Thibault, then Minister of Fisheries and Oceans, announced that special 
conservation measures were required in the Hawke Channel (off southern Labrador) and the Bonavista 
Corridor to protect spawning and juvenile concentrations of Atlantic cod and their associated habitat.  
These measures include an area (“cod box”) within the Bonavista Corridor that is closed to otter 
trawling (www.dfo-mpo.gc.ca).  This cod box is about 150 km northwest of the Study Area and 175 km 
northwest of the Project Area.  The Hawke Channel cod box is located over 650 km northwest of the 
Study Area. 
 
4.4.4. Profiles of Commercially-Important Species 
 
Based on recent commercial fishery landings data related to harvesting in the proposed Study Area (see 
Section 4.5), specific fish and invertebrate species have been selected and described in the following 
sections.   
 
4.4.4.1. Snow Crab  
 
Snow crabs (Chionoecetes opilio) are decapod crustaceans that occur over a broad depth range (20 to 
>400 m) in the Northwest Atlantic.  This species’ distribution in waters off Newfoundland and southern 
Labrador is known to be widespread but the stock structure remains unclear.  Most of the information on 
snow crab distribution is obtained from the fishery.  The stock structure of snow crab is believed to be 
more complex than for most groundfish and pelagic fishes (FRCC 2005).  Male and female snow crabs 
do not always occur simultaneously in the same geographic location (FRCC 2005). 
 
Snow crabs have a tendency to prefer water temperatures ranging between –1 and 4ºC.  Large snow 
crabs (≥95 mm carapace width) occur primarily on soft bottoms (mud or mud-sand) (DFO 2006a), 
particularly in water depths of 70 to 280 m, and  small snow crabs appear to occur primarily on 
relatively hard substrates (DFO 2006a).  Mating generally occurs during the early spring although first-
time mating typically occurs from February to mid-March (FRCC 2005).  The females subsequently 
carry the fertilized eggs for up to two years.  The larvae hatch in late spring or early summer, and then 
typically remain in the water column for 12 to 15 weeks before settling on the bottom (DFO 2006a).  
Once reaching the bottom, the immature crabs then moult into juveniles, adolescents and finally adult 
crabs (FRCC 2005).  Snow crab feed on fish, clams, polychaete worms, brittle stars, shrimp and 
crustaceans, including smaller snow crab. 
 
In its ‘Strategic Conservation Framework For Atlantic Snow Crab”, the Fisheries Resource 
Conservation Council (FRCC) discusses the ill-defined stock structure for snow crab (FRCC 2005).  
Limited tagging experiments have indicated that snow crab moves little during their benthic growth 
stages.  Snow crab stock structure likely conforms to the source-sink structure, where sources produce 
eggs and larvae that are carried by ocean currents and sinks receive their recruits from other areas, 
contributing little recruitment to their own area or to other areas.  Depending on water currents, some 
areas may serve as both sources and sinks, either all the time or some of the time.  Current information 
and understanding are insufficient to draw firm conclusions on the identification of snow crab sources 
and sinks in Atlantic Canada. 
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Based on DFO fall multi-species bottom trawl surveys in Divisions 2J3KLNO together with offshore 
commercial catch per unit effort (CPUE), evaluations are made of trends in exploitable biomass.  There 
have been indications of decline in exploitable biomass since 1998 (DFO 2006a).  Domestic snow crab 
harvesting occurs primarily in the eastern and northeastern parts of the Study Area.   
 
4.4.4.2. Northern Shrimp 
 
Northern shrimp (Pandalus borealis) occur in the northwest Atlantic from Davis Strait to the Gulf of 
Maine, primarily in areas where the substrate is soft mud and bottom water temperatures range from 2 to 
6ºC (DFO 2003).  These environmental conditions typically occur in waters offshore of Newfoundland 
and Labrador where depths range between 150 and 600 m. 
 
Northern shrimp spawn once a year, typically in late summer or early fall.  Extruded eggs remain 
attached to the female pleopods until larval hatch 8 to 9 months later.  Females may move into shallower 
areas to maximize the rate of embryonic development.  The larvae are planktonic and, although there is 
little information available on the complete sequence of larval development at sea, pelagic development 
is estimated to pass through four or five moults and last up to 3 to 4 months before the first juveniles 
descend to the bottom (Bergström 2000 in Ouellet and Allard 2006).  
 
Using both field data and laboratory observations, Ouellet and Allard (2006) described the ontogenetic 
changes in vertical distribution and behaviour of early stages of northern shrimp in thermally stratified 
water.  The first two larval stages (I and II) appear to actively select and maintain a position in the upper 
layer of warmer temperatures above the cold intermediate layer.  Stage III larvae were distributed deeper 
in the water column and in colder waters than Stages I and II larvae.  Larval stages IV and V exhibited 
the highest degree of swimming activity in the laboratory and the widest range of vertical distribution in 
the field (surface to 200 m depth). 
 
This crustacean typically exhibit diel vertical migration, remaining relatively deep in the water column 
during the day, followed by upward movement in the water column during the night in order to feed on 
zooplankton.  Common predators of northern shrimp include Atlantic cod, Greenland halibut, Atlantic 
halibut, skates, wolffishes and harp seals (DFO 2003).   
 
Colbourne and Orr (2006) indicated that most of the large spring survey catches between 1998 and 2006 
occurred in the warmer water along the slopes of Divisions 3LN, largely outside of the Study Area.  
However, they found that while large catches again occurred along the outer areas and slopes of the 
Grand Bank, larger catches were more widely distributed in Div. 3L, including the inshore areas of the 
bays along the east coast of Newfoundland and areas within both the Study Area and Project Area.   
 
During recent years, 90.5 to 99.9% of the total Divisions 3LNO northern shrimp biomass has been found 
within 3L.  Between 2000 and 2003, 21% of the fall biomass and 26% of the spring biomass was found 
outside the 200 nautical miles limit (Orr et al. 2004). 
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4.4.4.3. Greenland Halibut 
 
The Greenland halibut (turbot) (Reinhardtius hippoglossoides) is a deepwater flatfish species that occurs 
in water temperatures ranging between –0.5 to 6.0ºC but appears to have a preference for temperatures 
of 0.0 to 4.5ºC.  In the northwest Atlantic off northeastern Newfoundland and southern Labrador, these 
fish are normally caught at depths exceeding 450 m.  Reported depths of capture range from 90 to 1,600 
m.  The larger individuals tend to occur in the deeper parts of its vertical distribution.  Unlike many 
flatfishes, the Greenland halibut spends considerable time in the pelagic zone (Scott and Scott 1988).  
 
These halibut are believed to spawn in Davis Strait during the winter and early spring at depths ranging 
from 650 to 1,000 m.  They are also thought to spawn in the Laurentian Channel and the Gulf of St. 
Lawrence during the winter.  The large fertilized eggs of this species (4 to 5 mm diameter) are benthic 
but the hatched young move upwards in the water column and remain at about 30 m below surface until 
they attain an approximate length of 70 mm.  As they grow, the young fish move downward in the water 
column and are transported by the currents in the Davis Strait southward to the continental shelf and 
slopes of Labrador and Newfoundland (Scott and Scott 1988). 
 
Greenland halibut are voracious bathypelagic predators that feed on a wide variety of prey.  Summer and 
fall appear to be the seasons of most intense feeding.  Prey items include capelin, Atlantic cod, polar 
cod, young Greenland halibut, grenadier, redfishes, sand lance, barracudinas, crustaceans (e.g., northern 
shrimp), cephalopods and various benthic invertebrates.  Major predators of Greenland halibut include 
the Greenland shark, various whales, hooded seals, cod, salmon and Greenland halibut (Scott and Scott 
1988). 
 
Greenland halibut are widely distributed throughout the Labrador-eastern Newfoundland area (Bowering 
2002; Kulka et al. 2003).  During the late 1970s and most of the 1980s, they were plentiful along the 
deep slopes of the continental shelf and in the deep channels running between fishing banks, particularly 
in NAFO Divisions 2G, 2H, 2J and 3K.  By 1991, the Greenland halibut distribution in the northern 
areas was greatly reduced and most of these fish were located in Division 3K and along the northern 
slope of Division 3L.  By 1996-2001, its distribution to some of the more northern areas of historical 
high abundance began to reoccur (Bowering 2002). 
 
Between 1996 and 2001, the DFO stratified random fall surveys in Division 3L extended to at least 730 
m in the spring and to 1,500 m in the fall using the Campelen 1800 shrimp trawl (Bowering 2002).  The 
surveys in 1999 showed larger catches in 3K and along the northern slope of 3L.  Catches have 
remained relatively low along the eastern slope of 3L and in 3M.  In 2000, survey results showed 
improved catches along the northeast slope of 3L while results in 3K were similar to 1999 (Bowering 
2002).  European Union (EU) trawl surveys conducted during July at the Flemish Cap since 1988 
showed increasing Greenland halibut biomass up to 1998 after which the biomass has decreased.  These 
surveys have been conducted over a depth range of 200 to 730 m (Vázquez 2002). 
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According to 2003-2005 domestic harvest catch statistics, landed weight of Greenland halibut in the 
Study Area is very low. 
 
4.4.5.  DFO Research Vessel (RV) Surveys 
 
DFO research vessel trawl survey data collected within and proximate to the Study Area between 2002 
and 2005 were analyzed and results tabulated (Tables 4.1 to 4.10). In cases where there are sufficient 
data, catch weight and catch abundance distribution maps (Figures 4.1 to 4.14) are also presented for 
some species/species groups.  These figures are arranged in order of decreasing catch weight, spring and 
fall surveys 2002-2005 combined.  Data for the three wolffish species listed on Schedule 1 of SARA are 
highlighted by grey shading in Tables 4.1 to 4.8 and their catch distributions within and proximate to the 
Study Area are shown in Figures 4.12 to 4.14.  
 
In terms of RV catch weight and catch abundance, spring and fall surveys 2002-2005 combined, sand 
lance dominated the catches (Table 4.1).  Unspecified shrimp and invertebrates, brittlestars, American 
plaice and capelin all accounted for at least 5% of the total catch weight.  Other species that accounted 
for at least 1% but less than 5% of the total catch weight include thorny skate, male snow crab, mailed 
sculpins, yellowtail flounder, roughhead grenadier, basketstars, boreal red shrimp (Pandalus borealis 
and P. montagui), and spotted wolfish.  Northern and Atlantic wolfish were also caught during the 
surveys but in amounts less than 1% of the total catch weight. 
 
Mean depths, minimum depths and maximum depths of capture for both spring and fall surveys are 
presented for numerous species/species groups in Table 4.2.  Of the species that accounted for at least 
5% of the total catch weight, spring and fall surveys 2002-2005 combined, mean depths of capture 
ranged between 90 and 171 m, most of which were less than 120 m (Table 4.2).   
 
Tables 4.3 and 4.4 present the catch weight and catch abundance summary data for numerous 
species/species groups caught during 2002-2005 RV surveys in spring and fall, respectively. 
 
Tables 4.5 to 4.10 present RV catch data with respect to the survey strata sampled within and proximate 
to the Study Area.  Tables 4.5 to 4.8 indicate how the catch weights and catch abundances of numerous 
species/species groups are distributed between strata in both spring and fall surveys.  Tables 4.9 and 
4.10 indicate the top ranked species/species groups in each stratum in terms of both catch weight and 
catch abundance during spring and fall surveys. 
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Table 4.1. DFO Research Vessel survey catches within and proximate to the Study Area, spring and fall, 2002-2005. 
 

SPECIES 
COMMON NAME SCIENTIFIC NAME 

WEIGHT 
(KG) 

PERCENTAGE OF TOTAL 
WEIGHT ABUNDANCE PERCENTAGE OF TOTAL 

ABUNDANCE 
Sand lance Ammodytes dubius 6,789 36.6 539,019 66.5 
Shrimp Natantia 2,918 15.7 na  
Unspecified invertebrates  1,421 7.7 na  
Brittlestars Ophiuroidea 1,163 6.3 na  

American plaice Hippoglossoides 
platessoides 992 5.4 4,705 0.6 

Capelin Mallotus villosus 990 5.3 90,372 11.2 
Thorny skate Raja radiata 723 3.9 479 <0.1 
Snow crab (male) Chionoecetes opilio 510 2.8 5,069 0.6 
Mailed sculpins Triglops sp. 401 2.2 37,430 4.6 
Yellowtail flounder Limanda ferruginea 378 2.0 887 0.1 
Roughhead grenadier Macrourus berglax 350 1.9 725 <0.1 
Basketstars Gorgonocephalidae 287 1.5 na  
Boreal red shrimp (males) Pandalus sp. 224 1.2 55,098 6.8 
Spotted wolffish Anarhichas minor 177 1.0 27 <0.1 
Boreal red shrimp (females with 
eggs) Pandalus sp. 173 0.9 26,567 3.3 

Greenland halibut Hippoglossus hippoglossus 135 0.7 619 <0.1 
Arctic eelpout Lycodes reticulatus 114 0.6 483 <0.1 
Deepwater redfish Sebastes mentella 90 0.5 735 <0.1 
Toad crabs Hyas sp. 69 0.4 3,562 0.4 
Atlantic cod Gadus morhua 60 0.3 114 <0.1 
Atlantic wolffish Anarhichas lupus 53 0.3 188 <0.1 
Sea urchin Echinoidea 45 0.2 3,390 0.4 
Snow crab (female) Chionoecetes opilio 42 0.2 3,936 0.5 
Hookear sculpins Artediellus sp. 38 0.2 6,908 0.9 
Boreal red shrimp (females) Pandalus sp. 31 0.2 7,098 0.9 
Boreal red shrimp (transition) Pandalus sp. 22 0.1 3,729 0.5 

Common alligatorfish Aspidophoroides 
monopterygius 20 0.1 3,942 0.5 

Arctic alligatorfish Aspidophoroides olriki 10 <0.1 3,048 0.4 
Northern wolffish Anarhichas denticulatus 2 <0.1 3 <0.1 
TOTAL  18,227 98.3 798,133 98.5 
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Table 4.2. Depths (m) of DFO Research Vessel survey catches within and proximate to the Study Area, spring and fall, 2002-2005. 
 

SPECIES SPRING FALL 
COMMON NAME SCIENTIFIC NAME MEAN MIN MAX MEAN MIN MAX 
Sand lance Ammodytes dubius 107 63 209 90 59 196 
Shrimp Natantia 116 62 310 115 59 217 
Unspecified invertebrates  116 62 310 112 59 217 
Brittlestars Ophiuroidea    171 152 184 

American plaice Hippoglossoides 
platessoides 120 62 310 114 59 217 

Capelin Mallotus villosus 115 63 242 147 63 217 
Thorny skate Raja radiata 161 63 310 118 59 217 
Snow crab (male) Chionoecetes opilio 120 64 310 118 59 217 
Mailed sculpins  Triglops sp. 113 62 229 113 59 217 
Yellowtail flounder Limanda ferruginea 68 62 85 66 59 82 
Roughhead grenadier Macrourus berglax 252 166 310 201 196 209 
Basketstars Gorgonocephalidae 130 83 162 150 125 164 
Boreal red shrimp (males) Pandalus sp. 107-238 63-172 190-304 89-108 65 134-207 
Spotted wolffish Anarhichas minor 191 155 229 171 152 198 
Boreal red shrimp (females 
with eggs) Pandalus sp. 103-107 68-103 103-190 95-109 65 198-207 

Greenland halibut Hippoglossus hippoglossus 226 162 310 160 59 217 
Arctic eelpout Lycodes reticulatus 128 62 304 124 59 217 
Deepwater redfish Sebastes mentella 215 125 310 166 85 209 
Toad crabs Hyas sp. 108 62 304 98 59 196 
Atlantic cod Gadus morhua 157 63 310 104 59 204 
Atlantic wolffish Anarhichas lupus 166 62 310 158 61 217 
Sea urchin Echinoidea 102 102 102 90 67 109 
Snow crab (female) Chionoecetes opilio 120 64 310 123 63 217 
Hookear sculpins Artediellus sp. 105 63 205 96 59 217 
Boreal red shrimp (females) Pandalus sp. 90-247 63-190 120-304 74-157 65-112 81-207 
Boreal red shrimp (transition) Pandalus sp. 100-304 63-304 190-304 115-147 85-112 118-207 

Common alligatorfish Aspidophoroides 
monopterygius 124 62 310 113 59 217 

Arctic alligatorfish Aspidophoroides olriki 96 68 151 99 63 196 
Northern wolffish Anarhichas denticulatus 307 304 310    
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Table 4.3. DFO Research Vessel Survey catches within and proximate to the Study Area, spring 2002-2005. 
 

SPECIES 
COMMON NAME SCIENTIFIC NAME 

WEIGHT 
(KG) 

PERCENTAGE OF TOTAL 
WEIGHT ABUNDANCE PERCENTAGE OF TOTAL 

ABUNDANCE 
Sand lance Ammodytes dubius  4,918  54.8  407,689  83.6 
Unspecified invertebrates   736  8.2  na  na 
Capelin Mallotus villosus  699  7.8  43,545  8.9 
Shrimp Natantia  586  6.5  na  na 
Roughhead grenadier Macrourus berglax  326  3.6  684  0.1 

American plaice Hippoglossoides 
platessoides  323  3.6  1,530  0.3 

Thorny skate Raja radiata  323  3.6  260  <0.1 
Basketstars Gorgonocephalidae  254  2.8  na  na 
Snow crab (male) Chionoecetes opilio  170  1.9  2,139  0.4 
Mailed sculpins  Triglops sp.  98  1.1  8,426  1.7 
Deepwater redfish Sebastes mentella  83  0.9  595  0.1 
Yellowtail flounder Limanda ferruginea  54  0.6  162  <0.1 
Greenland halibut Hippoglossus hippoglossus  54  0.6  228  <0.1 
Atlantic wolffish Anarhichas lupus  35  0.4  85  <0.1 
Atlantic cod Gadus morhua  33  0.4  84  <0.1 
Toad crabs Hyas sp.  32  0.4  1,827  0.4 
Arctic eelpout Lycodes reticulatus  26  0.3  135  <0.1 
Snow crab (female) Chionoecetes opilio  21  0.2  1,817  0.4 
Spotted wolffish Anarhichas minor  17  0.2  5  <0.1 
Boreal red shrimp (females with 
eggs) Pandalus sp.  14  0.2  3,742  0.8 

Boreal red shrimp (females) Pandalus sp.  10  0.1  3,372  0.7 
Hookear sculpins Artediellus sp.  8  <0.1  1,559  0.3 
Sea urchin Echinoidea  7  <0.1  na  na 

Common alligatorfish Aspidophoroides 
monopterygius  6  <0.1  1,405  0.3 

Boreal red shrimp (males) Pandalus sp.  2  <0.1  881  0.2 
Arctic alligatorfish Aspidophoroides olriki  2  <0.1  611  0.1 
Northern wolffish Anarhichas denticulatus  2  <0.1  3  <0.1 
Boreal red shrimp (transition) Pandalus sp.  1  <0.1  281  <0.1 
Brittlestars Ophiuroidea  0  0.0  na  na 
TOTAL   8,839  98.4  481,065  98.7 
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Table 4.4. DFO Research Vessel Survey catches within and proximate to the Study Area, fall 2002-2005. 
 

SPECIES 
COMMON NAME SCIENTIFIC NAME 

WEIGHT 
(KG) 

PERCENTAGE OF TOTAL 
WEIGHT ABUNDANCE PERCENTAGE OF TOTAL 

ABUNDANCE 
Shrimp Natantia  2,332 24.4 na na 
Sand lance Ammodytes dubius  1,871 19.6 131,330 40.7 
Brittlestars Ophiuroidea  1,163 12.2 na na 
Unspecified invertebrates   685 7.2 na na 
American plaice Hippoglossoides 

platessoides 
 669 7.0 3,175 1.0 

Thorny skate Raja radiata  400 4.2 219 0.1 
Snow crab (male) Chionoecetes opilio  340 3.6 2,930 0.9 
Yellowtail flounder Limanda ferruginea  324 3.4 725 0.2 
Mailed sculpins  Triglops sp.  303 3.2 29,004 9.0 
Capelin Mallotus villosus  291 3.0 46,827 14.5 
Boreal red shrimp (males) Pandalus sp.  222 2.3 54,217 16.8 
Spotted wolffish Anarhichas minor  160 1.7 22 <0.1 
Boreal red shrimp (females with 
eggs) 

Pandalus sp.  159 1.7 22,825 7.1 

Arctic eelpout Lycodes reticulatus  88 0.9 348 0.1 
Greenland halibut Hippoglossus hippoglossus  81 0.8 391 0.1 
Sea urchin Echinoidea  40 0.4 3,390 1.0 
Toad crabs Hyas sp.  37 0.4 1,735 0.5 
Basketstars Gorgonocephalidae  33 0.3 na na 
Hookear sculpins Artediellus sp.  30 0.3 5,349 1.7 
Atlantic cod Gadus morhua  27 0.3 30 <0.1 
Roughhead grenadier Macrourus berglax  24 0.3 41 <0.1 
Snow crab (female) Chionoecetes opilio  21 0.2 2,119 0.7 
Boreal red shrimp (transition) Pandalus sp.  21 0.2 3,448 1.1 
Boreal red shrimp (females) Pandalus sp.  21 0.2 3,726 1.2 
Atlantic wolffish Anarhichas lupus  18 0.2 103 <0.1 
Common alligatorfish Aspidophoroides 

monopterygius 
 14 0.1 2,537 0.8 

Arctic alligatorfish Aspidophoroides olriki  8 0.1 2,437 0.8 
Deepwater redfish Sebastes mentella  7 0.1 140 <0.1 
Northern wolffish Anarhichas denticulatus  0 0 0 0 
TOTAL   9,388 98.2 317,068 98.2 
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Table 4.5. Percentage total weight of species caught during DFO Research Vessel Surveys within and proximate to the Study Area, June 
2002-2005. 

 
Survey Strata 

Species  
370 

 
371 372 384 385 386 389 390 391 392 

Mean 
Depth 

(m) 

Sand lance <1 <1 <1 1.3 66.4  <1 31.5 <1  107 
Capelin <1 1.1 <1 <1 40.3 <1 41.8 1.6 13.1  115 
Shrimp (Nantantia) <1 <1 7.6 3.0 2.4 <1 71.5 2.5 <1 12.4 116 
Roughhead grenadier        1.1 26.7 72.2 252 
American plaice <1 2.9 11.9 16.7 29.8 6.2 6.5 18.5 2.8 4.3 120 
Thorny skate   3.2 2.4 14.0 <1 6.5 10.7 14.9 47.2 161 
Snow crab (males) 3.1 3.3 <1 15.4 60.7 <1 5.4 10.8  <1 120 
Deepwater redfish     <1   <1 2.5 95.9 215 
Yellowtail flounder  <1 96.5 3.5       68 
Greenland halibut      <1 27.6 <1 17.6 52.8 226 
Atlantic wolffish   <1   3.4 27.7 16.6 27.4 24.9 166 
Atlantic cod   <1 <1 7.8 1.5  <1 20.9 68.8 157 
Toad crabs 3.8 2.5 37.8 14.1 10.6  <1 31.9   108 
Snow crab (females) <1  3.3 10.0 54.3 1.4 23.3 5.2 <1 <1 120 
Spotted wolffish     <1  36.5 <1 61.8  191 
Pandalus sp.  
(berried females)  15.4 28.7 11.9 2.1  <1 41.8   1031 

1072 

Pandalus sp.  
(females)  3.9 61.2 8.7 2.9  <1 23.2   90-1401 

172-2472 

Sea urchins3     100.0      102 
Pandalus sp. 
 (males)3  35.3 17.6 5.9 11.8  <1 29.2   2381 

1072 

Northern wolffish3          100.0 307 
Pandalus sp. 
(transition)3 

 
  66.5 <1 33.1  <1 <1  <1 3041 

101-1192 

1 P. borealis 
2 P. montagui 
3 <10 kg caught 
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Table 4.6. Percentage total abundance of species caught during DFO Research Vessel Surveys within and proximate to the Study Area, 
June 2002-2005. 

 
Survey Strata 

Species  
370 

 

 
371 

 

 
372 

 

 
384 

 

 
385 

 

 
386 

 

 
389 

 

 
390 

 
391 

 
392 

Sand lance <1 <1 <1 2.1 64.5  <1 32.5 <1  
Capelin <1 1.3 <1 <1 38.5 <1 42.0 2.0 14.1  
Pandalus sp. (berried females)  14.5 32.9 14.0 2.4  <1 36.2   
Pandalus sp. (females)  3.4 63.0 9.9 4.2  <1 18.5  <1 
Snow crab (males) 2.3 1.9 1.2 11.6 51.6 1.7 20.7 7.9 <1 <1 
Toad crabs <1 2.7 30.9 23.0 8.3 <1 <1 33.4 <1 <1 
Snow crab (females) 1.7 1.4 1.2 9.5 49.2 1.3 27.8 6.3 <1 1.1 
American plaice <1 2.3 6.8 12.1 39.6 11.8 11.3 10.1 3.1 2.5 
Pandalus sp. (males)  27.0 19.3 16.6 10.6  1.5 24.7  <1 
Roughhead grenadier        <1 19.3 80.1 
Deepwater redfish     <1  <1 <1 7.2 91.1 
Pandalus sp. (transition)   73.0 3.2 <1  <1 21.7  <1 
Thorny skate   1.5 1.2 8.1 <1 19.2 7.7 9.6 52.3 
Greenland halibut      <1 18.0 1.3 14.9 64.9 
Yellowtail flounder  <1 97.5 1.9       
Atlantic wolffish   8.2 1.1  1.1 8.2 12.9 36.5 31.8 
Atlantic cod   10.7 2.4 8.3 1.2  1.2 25.0 51.2 
Spotted wolffish1     20.0  40.0 20.0 20.0  
Northern wolffish2          100.0 

1 Only 5 specimens caught 
2 Only 3 specimens caught 
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Table 4.7. Percentage total weight of species caught during DFO Research Vessel Surveys within and proximate to the Study Area, October 
to December, 2002-2005. 

 
Survey Strata 

Species  
370 

 
371 372 384 385 389 390 391 

Mean Depth 
(m) 

Shrimp (Nantantia) <1 <1 5.8 1.2 16.1 59.6 16.2 <1 115 
Sand lance <1 1.6 48.3 40.2 4.3  4.5 <1 90 
American plaice 12.3 4.4 2.8 9.3 52.3 5.7 9.0 4.0 114 
Thorny skate <1 2.4 18.3 8.6 12.9 8.0 38.5 11.1 118 
Snow crab (males) 3.1 1.5 1.1 4.6 68.9 9.4 10.6 <1 118 
Yellowtail flounder  <1 86.5 13.4     66 
Capelin <1 <1  <1 42.1 52.0 5.6 <1 147 

Pandalus sp. (males)  <1 <1 <1 34.5 49.8 <1 14.4 1081 

892 

Spotted wolffish     60.0 5.8 28.0 6.2 171 

Pandalus sp. (berried females)  1.3 4.9 <1 8.6 50.9 <1 33.8 1091 

952 

Greenland halibut 1.5   <1 20.7 39.9 20.3 17.9 160 
Sea urchins  43.0  3.4 53.6    90 
Toad crabs <1 14.6 41.4 8.9 11.9 <1 19.5 <1 98 
Atlantic cod 1.9 11.5 67.0 3.0 1.1 4.1 2.2 8.5 104 
Roughhead grenadier        100.0 201 
Snow crab (females) 5.7 1.9 4.8 5.2 56.2 16.2 10.5 <1 123 

Pandalus sp. (transition)     16.2 83.7 <1  1471 

1152 

Pandalus sp. (females)  10.2 5.3 <1 47.8 22.9 2.4 11.2 106-1571 

74-862 

Atlantic wolffish   2.8  <1 21.7 10.6 63.9 158 
Deepwater redfish3  <1    <1 <1 99.7 166 
Northern wolffish3          
1 P. borealis 
2 P. montagui 
3 <10 kg caught 
 
 
 



 

Petro-Canada’s 3-D Seismic Program LGL Limited 
Environmental Assessment Page 59 
 

 

Table 4.8. Percentage total abundance of species caught during DFO Research Vessel Surveys within and proximate to the Study Area – 
October to December, 2002-2005. 

 
Survey Strata 

Species  
370 

 
371 372 384 385 389 390 391 

Sand lance 1.3 2.3 45.2 38.2 6.0  7.1 <1 
Pandalus sp. (males)  <1 1.1 <1 35.9 49.2 <1 12.2 
Capelin <1 <1  <1 51.9 41.1 6.6 <1 
Pandalus sp. (berried females)  1.9 10.7 1.0 7.9 46.5 <1 31.5 
Pandalus sp. (females)  17.2 12.0 1.8 37.3 17.4 5.2 9.0 
Pandalus sp. (transition)  <1   15.0 84.8 <1  
Sea urchins  41.6  <1 58.3    
American plaice 12.2 3.4 1.9 9.2 53.5 7.7 7.3 4.9 
Snow crab (males) 5.0 1.5 1.2 8.5 62.5 12.4 6.3 2.7 
Snow crab (females) 9.2 1.5 1.1 7.4 56.6 15.2 5.8 3.2 
Toad crabs <1 5.2 44.3 17.0 11.3 2.1 19.7 <1 
Yellowtail flounder  <1 87.6 12.3     
Greenland halibut <1   <1 13.3 43.7 12.0 30.2 
Thorny skate <1 2.7 17.8 7.8 10.5 13.7 30.1 16.9 
Deepwater redfish  <1    2.1 5.0 92.1 
Atlantic wolffish   1.9  1.9 7.8 30.1 58.3 
Roughhead grenadier        100.0 
Atlantic cod 3.3 10.0 50.0 10.0 6.7 6.7 6.7 6.7 
Spotted wolffish1     50.0 4.5 36.4 9.1 
Northern wolffish2         
1 Only 22 specimens caught 
2 No specimens caught 
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Table 4.9. Ranking of catch weight and catch abundance by stratum of species caught during DFO Research Vessel Surveys within and 
proximate to the Study Area – June 2002-2005. 

 
Survey Strata 

Rank  
370 

 

 
371 

 
372 384 385 386 389 390 391 392 

Catch Weight 

1 Sand lance Sand lance Yellowtail flounder American 
plaice Sand lance American 

plaice 
Shrimp 

(Natantia) Sand lance Capelin Roughhead 
grenadier 

2 Snow crab 
(males) 

American 
plaice Shrimp (Natantia) Snow crab 

(males) Capelin Thorny 
skate Capelin American 

plaice 
Roughhead 
grenadier Thorny skate 

3  Capelin American plaice Shrimp 
(Natantia) 

Snow crab 
(males) Capelin American 

plaice 
Thorny 
skate Thorny skate Deepwater 

redfish 

4  Snow crab 
(males) Toad crab  American 

plaice  Thorny 
skate 

Snow crab 
(males0 

Spotted 
wolffish 

Shrimp 
(Natantia) 

5     Thorny 
skate  Greenland 

halibut 
Shrimp 

(Natantia) 
Atlantic 
wolffish 

Greenland 
halibut 

Catch Abundance 

1 Sand lance Sand lance Pandalus (females) Sand lance Sand lance Capelin Capelin Sand lance Capelin Roughhead 
grenadier 

2 Snow crab 
(males) Capelin Sand lance 

Pandalus 
(females 
with eggs 

Capelin American 
plaice 

Snow crab 
(females) 

Pandalus 
(females 
with eggs 

Sand lance Deepwater 
redfish 

3 Capelin 
Pandalus 
(females 

with eggs) 

Pandalus (females 
with eggs Toad crab Snow crab 

(males) 
Snow crab 

(males) 
Snow crab 

(males) Capelin Roughhead 
grenadier 

Greenland 
halibut 

4 Snow crab 
(females) 

Shrimp 
(Eualus) Toad crab Capelin Snow crab 

(females) Arctic cod American 
plaice Toad crab  Thorny skate 

5  Pandalus 
(males) 

Shrimp 
(Sclerocrangon) 

Shrimp 
(Lebbeus) 

American 
plaice 

Snow crab 
(females) 

Shortfin 
squid 

Pandalus 
(females)  Atlantic cod 
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Table 4.10. Ranking of catch weight and catch abundance by stratum of species caught during DFO Research Vessel Surveys within and 
proximate to the Study Area – October to December, 2002-2005. 

 
Survey Strata 

Rank  
370 

 
371 372 384 385 389 390 391 

Catch Weight 

1 American plaice Sand lance Sand lance Sand lance Shrimp 
(Natantia) 

Shrimp 
(Natantia) 

Shrimp 
(Natantia) 

Pandalus (females 
with eggs 

2 Sand lance American plaice Yellowtail flounder American plaice American plaice Capelin Thorny skate Thorny skate 

3 Snow crab 
(males) Sea urchins Shrimp (Natantia) Yellowtail 

flounder 
Snow crab 

(males) 
Pandalus 
(males) Sand lance Pandalus (males) 

4  Shrimp 
(Natantia) Thorny skate Thorny skate Capelin 

Pandalus 
(females with 

eggs) 
American plaice American plaice 

5  Thorny skate Atlantic cod Shrimp (Natantia) Spotted 
wolffish American plaice Spotted 

wolffish 
Roughhead 
grenadier 

Catch Abundance 

1 Sand lance Sand lance Sand lance Sand lance Capelin Pandalus 
(males) Sand lance Pandalus (females 

with eggs) 

2 American plaice Sea urchins Pandalus (females 
with eggs) Toad crab Pandalus 

(males) Capelin Capelin Pandalus 
(females) 

3 Snow crab 
(females) 

Pandalus 
(females) Toad crab American plaice Sand lance 

Pandalus 
(females with 

eggs) 
Toad crab Pandalus 

(females) 

4 Capelin 
Pandalus 

(females with 
eggs) 

Yellowtail flounder Snow crab (males) Sea urchins Pandalus 
(transition) American plaice American plaice 

5 Snow crab 
(males) 

Pandalus 
(males) Pandalus (males) Pandalus (females 

with eggs) 
Snow crab 

(males) 
Pandalus 
(females)  Deepwater redfish 
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Figure 4.1. RV survey catch weight of sand lance, 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.2. RV survey catch weight of shrimp (Pandalus sp.), 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.3. RV survey catch weight of American plaice, 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.4. RV survey catch weight of capelin, 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.5. RV survey catch weight of thorny skate, 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.6. RV survey catch weight of snow crab (male), 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.7. RV survey catch weight of snow crab (female), 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.8. RV survey catch weight of yellowtail flounder, 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.9. RV survey catch weight of roughhead grenadier, 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.10. RV survey catch weight of Greenland halibut, 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.11. RV survey catch weight of Atlantic cod, 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.12. RV survey catch weight of northern wolfish, 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.13. RV survey catch weight of spotted wolfish, 2002-2005 (Top: Spring; Bottom: Fall). 
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Figure 4.14. RV survey catch weight of Atlantic wolfish, 2002-2005 (Top: Spring; Bottom: Fall). 
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4.5. Commercial Fisheries 
 
This section describes the commercial fisheries in the general area of the proposed Petro-Canada 3-D 
survey. It provides regional and historical context for the area’s fisheries, and then focuses on the Study 
Area, the Project Area and the proposed 2007 Survey Area. (Section 4.4.4 of this assessment describes 
the biological characteristics and status of the main commercial and other marine species.) It also 
includes a section which presents an analysis and a discussion of the route that will be taken by the 
seismic ship as it transits from St. John’s to the prospect, during which it is proposed that the survey 
streamer will be deployed and adjusted (e.g., balasting). The array would not be used, however, during 
this transit. 
 
The Study, Project and Survey Areas are within North Atlantic Fisheries Organization (NAFO) 
management Division 3L, and the proposed Survey Area is within Unit Area 3Lt, a sub-unit of the 
Division (see Figure 4.15). Both the Project Area and the Survey Area are within Canada’s 200-mile 
EEZ, so the fisheries would be expected to be primarily domestic. 
 

 
 
Figure 4.15. Areas referenced and other Fisheries Management Areas. 
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4.5.1. Data Sources 
 
The fisheries analysis in this section is based in part on data derived from the Department of Fisheries 
and Ocean's (DFO) Newfoundland and Labrador Region catch and effort datasets (DFO 1986-2006). 
Some Nova Scotia landed harvest by Nova Scotia-based vessels also occurs in Division 3L, but this is a 
small portion (mainly shrimp). It occurs in the same areas as the NL fishing, and outside the Project and 
Survey Areas. Foreign catches landed outside the regions are not included in these data (primarily 
shrimp). The data used in the report represent all catch landed within Newfoundland and Labrador 
region. 
 
DFO Datasets for 1986 to 2006 are used for the historical overview, while the detailed analysis of 
fishing activity in the various assessment areas focuses on DFO data in recent years, primarily for 2004 - 
2006, since fishing activities in the area have changed significantly in the last decade or so. 2  
 
The DFO catch data in this area are georeferenced (e.g., >97% of the Unit Area 3Lt harvest, by quantity 
in 2005), and past harvesting locations can be plotted in relation to the areas of interest. These are shown 
in the fisheries maps in this section. The location given in the datasets is that recorded in the vessel's 
fishing log, and is reported in the database by degree and minute of latitude and longitude; thus the 
position should be accurate within approximately .5 nautical mile of the reported co-ordinates. For some 
gear, such as mobile gear towed over an extensive area, or for extended gear, such as longlines, the 
reference point does not represent the full distribution of the gear or activity on the water. However, over 
many data entries, the reported locations create a fairly accurate indication of where such fishing activities 
occur and these kinds of database locations have been groundtruthed by Canning & Pitt Inc. with fishers in 
Atlantic Canada over many years.  
 
For the regional overview, datasets (1985 – 2004) from the Northwest Atlantic Fisheries Organization 
(NAFO) are used to quantify 3L harvesting by foreign and domestic fishers (STATLANT 21A dataset). 
Shrimp is one of the principal species harvested in the offshore (eastern) areas of 3L, though very little 
is harvested in 3Lt. It is managed in conjunction with NAFO. The NAFO datasets capture harvest by 
Canadian fishers and non-Canadian NAFO states. 3 (Snow crab is not part of this dataset.) 
 
The information used to characterize the fisheries in this assessment reports 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. Although some species vary greatly in landed value (e.g., snow crab vs. pollock), in 
terms of interference with fisheries, it is the level of fishing effort and gear utilized (better represented 
by quantities of harvest) that is more important. Value is important, and is carefully evaluated, in case of 
a compensation incident, as described in the mitigations sections of this assessment. Snow crab prices 

                                                 
2 The data for all three years are still classified by DFO as preliminary, though the species data used in this report are not 
likely to change to any significant extent when the data are finalized. The most recent DFO data were accessed in March 
2007 for 2006.  
3 Although foreign catches landed outside NL are not included in the DFO data sets, most are captured in the NAFO data for 
relevant species. 
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have been dropping in recent years and in 2006 dipped under $1 a pound. Negotiations on 2007 crab 
prices are not due to get under way until the end of March, but are expected to be somewhat higher than 
they were in 2006 (FPI/ASP meeting, February 2007). 
 
The fisheries consultations and contacts for this assessment included representatives of FPI, GEAC, One 
Ocean and the FFAW, among others. The consultations were undertaken to inform stakeholders about 
the proposed Petro-Canada survey, to gather information about expected 2007 fishing activities, and to 
determine any issues or concerns. Those consulted are listed in Appendix B. Fisheries-related 
information provided is reported under the discussions of the commercial fisheries below, and the issues 
raised during the consultations are discussed in Section 5.1.1. 
 
Other sources consulted for this section include fisheries management plans, quota reports and other 
DFO documents. These are listed in the Literature Cited. 
 
4.5.2. Regional Historical Overview 
 
The fisheries in Unit Area 3Lt, the location of the proposed Survey Area, were dominated until the early 
1990s by groundfish harvesting by stern otter trawls, primarily for Atlantic cod but also American plaice 
and a few other species. In 1992, with the acknowledgement of the collapse of several groundfish 
stocks, a harvesting moratorium was declared and directed fisheries for cod virtually vanished in this 
area. In May 2003, COSEWIC listed the Atlantic cod (Newfoundland and Labrador population) as an 
endangered species. Since the collapse of these fisheries in the area, formerly underutilized species – 
mainly northern shrimp (Chionoecetes opilio) and snow crab (Pandalus borealis) – have come to 
replace them as the principal harvest in eastern 3L, as they have in many other areas. Figure 4.16 
indicates these changes in harvesting in 3Lt over the last twenty years. (Within 3Lt for 2004-2006, more 
than 99% of the harvest by quantity was snow crab.) 
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Unit Area 3Lt Harvest, 1987-2006
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Figure 4.16. Domestic groundfish and other species harvesting in 3Lt, 1987 – 2006. 
 
 
In the past several years, since the moratorium, snow crab has been almost the only species harvested in 
3Lt (>99% by quantity). Although not an important harvest in 3Lt, northern shrimp is one of the main 
commercial species in the offshore areas of NAFO 3L. The harvest for shrimp for the period 1984-2004, 
foreign and domestic (year round), is presented in Figure 4.17, based on NAFO data. Figure 4.18 shows 
the harvest recorded in the NAFO datasets for all NAFO species for this period.  
 
Historically, Unit Area 3Lt was not one of the more important areas (based on total landings) within 
Division 3L, accounting for an average of just 1.5% of the overall 3L catch during the 5 years preceding 
the moratorium (1987-1991). Since the groundfish closures, however, it has become more important 
because of its snow crab resources, and now makes up 5.1% of the 3L total (2001-2005 average) by 
quantity, though this is still relatively low in overall commercial productivity compared to other 3L Unit 
Areas. 
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Figure 4.17. 3L shrimp harvest, 1985-2004, foreign and domestic (NAFO Dataset). 
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Figure 4.18. 3L harvest, all species 1985-2004, foreign and domestic (NAFO Dataset). 
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4.5.3. Survey, Study and Project Area Fisheries 
 
Table 4.11 presents the quantity of the recorded harvest by species for each year from 2004 to 2006 in 
each of the three areas indicated, based on the DFO domestic datasets. 
 
As the DFO datasets indicate, for the last three years there was no harvesting recorded within the 
proposed 2007 Survey Area, for the temporal window proposed for the project (May – December) or at 
any other time of the year. Since the fishery in Unit Area 3Lt is almost exclusively for snow crab, and 
the area is within an established snow crab fishing area (3Lex, >170 miles and <200 miles), it is possible 
that snow crab fishing could occur in the area in the future (test fisheries in new areas are conducted 
from time to time in adjacent areas).  
 
Table 4.11. Harvest by area, year and species, May – December 2004 – 2006.  
 

Year Species Tonnes % of Total 
 

Proposed Survey Area 

2004 Total 0 0% 

2005 Total 0 0% 

2006 Total 0 0% 
 

Project Area 
Northern Shrimp 9.3 18.7% 

Snow Crab 40.5 81.3% 2004 
Total 49.8 100.0% 

Snow Crab 29.7 100.0% 2005 
Total 29.7 100.0% 

Snow Crab 20.6 100.0% 2006 
Total 20.6 100.0% 

 
Study Area 

Northern Shrimp 9.3 0.3% 
Snow Crab 2,666.7 99.7% 2004 

Total 2,676.0 100.0% 
Snow Crab 2,828.6 100.0% 2005 

Total 2,828.6 100.0% 
Snow Crab 2,715.0 100.0% 2006 

Total 2,715.0 100.0% 
Note: The larger areas include the harvest of the smaller areas. 
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4.5.4. Harvesting Locations 
 
Figures 4.19-4.21 indicate domestic fishing locations on and near the eastern Grand Banks in relation to 
the various areas of interest for May - December (aggregated), 2004, 2005 and 2006. Most of the 
domestic fish harvesting in the general area of the project is concentrated between the 100 m and 200 m 
contours of the eastern Grand Bank, both inside and outside the 200-mile EEZ (almost exclusively snow 
crab), and to the north in depths between 200 m and 1000 m (northern shrimp). The maps also illustrate 
that the harvesting locations tend to be very consistent from year to year, and this has been the case for 
most of the last decade. 
 

 
 
Figure 4.19. All species harvesting locations, May - December 2004. 
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Figure 4.20. All species harvesting locations, May - December 2005. 
 

 
 
Figure 4.21. All species harvesting locations, May - December 2006. 
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4.5.5. Timing of the Harvest  
 
Harvesting times may change, depending on seasons and regulations set by DFO, the harvesting strategies 
of fishing enterprises, or on the availability of the resource itself. Figure 4.22 shows the 2004 - 2006 catch 
by month (averaged) from the Study Area (all months). As the graph indicates, May to July were by far the 
most productive months during this period, accounting for more than 90% of the annual harvest. 
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Figure 4.22. Study Area domestic harvest by month, all species, 2004 to 2006. 
 
For the Project Area, May and June are also important months, but February was the most productive in 
the three year period assessed (Figure 4.23). 
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Figure 4.23. Project Area domestic harvest by month, all species, 2004 to 2006. 
 
 The following maps (Figures 4.24-4.31) show the reported domestic harvesting locations for all species 
by month for May to December 2004 – 2006 (aggregated), in relation to the various project areas of 
interest.  
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Figure 4.24. Harvesting locations, all species (2004 – 2006 Aggregated), May. 
 

 
 
Figure 4.25. Harvesting locations, all species (2004 – 2006 Aggregated), June.  
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Figure 4.26. Harvesting locations, all species (2004 – 2006 Aggregated), July.  
 

 
 
Figure 4.27. Harvesting locations, all species (2004 – 2006 Aggregated), August.  
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Figure 4.28. Harvesting locations, all species (2004 – 2006 Aggregated), September. 
 

 
 
Figure 4.29. Harvesting locations, all species (2004 – 2006 Aggregated), October. 
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Figure 4.30. Harvesting locations, all species (2004 – 2006 Aggregated), November. 
 

 
 
Figure 4.31. Harvesting locations, all species (2004 – 2006 Aggregated), December. 
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4.5.6. Principal Species Fisheries 
 
As indicated, the catch within eastern 3L is largely snow crab and shrimp, and almost exclusively snow 
crab in the Study and Project Areas. This is the case year round, as well as within the proposed survey 
window. This section describes these two fisheries and expected 2007 activities. 
 
In general, fisheries participants and DFO managers consulted confirm that they expect the main 2007 
fisheries in the general area will be similar to those of the past year or so, and do not expect any major 
changes in fishing patterns or new fisheries in the area (FPI/ASP meeting, February 2007). 
 
4.5.6.1. Snow Crab 
 
The fishing areas for snow crab, the principal harvest in the Study and Project Areas, are shown in 
Figure 4.32. The Survey Area and most of the Study and Project Areas are within Crab Fishing Areas 
(CFA) 3Lex (from 170 miles to 200 miles from shore), though most fishing in the area is in CFA 3L200 
(beyond 200 miles). This overlaps the easternmost part of the Study Area.  
 
 

 
Figure 4.32. Newfoundland snow crab fishing areas. 
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The Newfoundland and Labrador snow crab fishery has declined in both absolute and relative quantity 
during the past few years. As the most recent DFO status report notes, landings for 2J,3KLNOP,4R 
snow crab increased steadily from about 10,000 t annually during the late 1980s to 69,000 t in 1999 
largely because of the expansion of the fishery in offshore areas. In 2000, landings decreased by 20% to 
55,400 t, increased slightly to 59,400 t in 2002 and 2003 and declined to 55,700 t in 2004 with changes 
in TACs. In 2005, the harvest decreased by 21% to 43,900 t, primarily as the result of a drop in Division 
3K landings where the TAC was not taken that year (historically, most of the snow crab landings have 
been from Divisions 3KL) (DFO 2006c). 
 
DFO (2006c) also observes that, “Negative relationships between bottom temperature and snow crab 
CPUE have been demonstrated at lags of 6-10 years suggesting that cold conditions early in the life 
history are associated with the production of strong year classes. A warm oceanographic regime has 
persisted over the past decade implying poor long-term recruitment prospects.” 
 
DFO (2006c) reports that in Divisions 2J3KLNOP4R the fishery is prosecuted by several fleet sectors 
under multiple quota-controlled management areas, with more than 3,300 licence holders under 
enterprise allocation in 2005. Stock status is assessed at the NAFO Division scale, and a vessel 
monitoring system (VMS) was fully implemented in the offshore fleets in 2004. 
 
The FRCC’s 2005 Strategic Conservation Framework for Atlantic Snow Crab (FRCC 2005) describes 
the general conduct of the offshore sector: “Vessels fishing up to and beyond 200 miles from the coast 
conduct voyages up to four and five days and greater depending on the vessel’s holding system. Typi-
cally these vessels leave the traps for shorter periods, sometimes only a few hours, prior to retrieving the 
catch. Given that snow crab must be live at the time of landing and processing, the duration of fishing 
trips is limited, although some vessels are now able to keep crab live on board in tanks permitting them 
to extend the length of their trips. Upon landing the live catch, it is weighted at dockside and transferred 
to shore-based processing facilities where the catch is processed into market ready products on a timely 
basis. All snow crab catches are independently monitored.” 
 
In June 2005, the FRCC’s Strategic Conservation Framework recommended to the Minister of Fisheries 
and Oceans a variety of conservation measures as well as changes to the fishery’s management structure. 
In March 2006, the Minister announced that new management measures would be introduced and others 
continued for the Newfoundland and Labrador snow crab fishery owing to the uncertainty about future 
recruitment and the amount of exploitable biomass, as well as concerns about soft-shelled crab (DFO, 
BG-NL-06-01 and BG-NL-06-02, March 30, 2006). General measures include: 
 

• Shortened fishing seasons in areas to provide additional protection during periods when the 
incidence of soft-shell crab is high;  

• There will be no season extensions; Individual Quotas (IQs) are not a guarantee that the 
fisher will land that amount of crab;  

• Enhanced soft-shell protocols; 
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• When areas are closed because of a high incidence of soft-shell crab, those areas will remain 
closed for the remainder of the year;  

• Continue with increased observer coverage from 2005;  
• In an effort to decrease the levels of wastage of soft-shell and undersized crabs being 

returned to the water, DFO will shorten fishing seasons and continue education programs 
with fishers on handling and discard practices; 

• The Total Allowable Catch (TAC) for 2006 was 46,233t, reduced from 49,943t in 2005. 
 

For 3LNO specifically, “The discard rate … remains at a lower level and no significant amount of soft 
shell has been encountered during the recent fisheries which end on July 31. The majority of quotas in 
these areas, both inside and outside the 200 mile limit, will be rolled over for 2006. In St. Mary’s Bay 
the quota will be increased by 50 t.” (DFO, BG-NL-06-02, March 30, 2006). 
 
Figure 4.33 shows the 2004 – 2006 harvesting locations (aggregated) for May through December, 
inclusive. As they indicate, there was no snow crab harvested in the Survey Area, and very little in the 
Project Area. Within the Study Area, effort is quite focused in the north and to the east, outside 200 nmi. 
 

 
 
Figure 4.33. Snow crab harvesting locations, May – December 2004 – 2006, aggregated. 
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Quotas for 2006 are shown below. 
 
Table 4.12. Relevant 3L 2006 snow crab quotas.  
 
Licence Category / Quota Definition Quota (Tonnes)

Full-Time 

  Midshore Extended (MSX) 1540

  Outside 170 and Inside 200NM (3LX) 1110

  Outside 200NM (3L200) 950

SL-Supplementary Large 

  Midshore Extended (MSX) 1585

  Outside 170 and Inside 200NM (3LX) 1585

  Outside 200 NM (3L200) 1990

* See http://www.nfl.dfo-mpo.gc.ca/publications/reports_rapports/Crab_2006.htm   
 
Consultations.— Consultations with FFAW and One Ocean representatives did not indicate any major 
concerns or issues with respect to potential interactions between proposed survey activities and planned 
crab fishing activities in 2007. However, it was noted that one of the recommendations of the Seismic 
Workshop (held in the fall of 2006) was the need for more direct communications with fishers about any 
proposed survey operations. Thus, it was suggested that the proponent provide the FFAW with further 
information about the proposed survey for publication in the spring (May/June) issue of the Union 
Forum so that all relevant fishers would be better informed of offshore survey activities (FFAW/One 
Ocean meeting, February 2007).   
 
4.5.6.2. Northern Shrimp (Pandalus borealis) 
 
Although there was very little domestic shrimp harvested within any of the Areas (and none in the 
Survey Area) in 2004 – 2006 (less than 10 tonnes in all three years, and none in 2005 or 2006), it was a 
significant species harvested in eastern Division 3L, in terms of quantity and value of harvest. The 
Survey, Project and Study Areas are within Shrimp Fishing Area (SFA) 7, within 200 miles (see Figure 
4.34). 
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Figure 4.34. Northern shrimp fishing areas. 
 
Figure 4.35 shows domestic harvesting locations for the May – December during 2004 to 2006, 
aggregated. In those years, the only shrimp harvesting within these areas during these months was in 
April and August. This fishery is quite concentrated in a well-defined area well north of the Study Area 
and the survey. 
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Figure 4.35. Northern shrimp harvesting locations, May – December 2004 – 2006, aggregated.  
 
Table 4.13 shows the 2006 shrimp quotas for SFA 7.  
 
Table 4.13. SFA 7 Shrimp Quotas, 2006 (Tonnes). 
 
Area 7 - Offshore > 100' and Special  6,028
Area 7 - 2J Fishers  395
Area 7 - 3K Fishers North of 50'30 395
Area 7 - 3K Fishers South of 50'30 2,886
Area 7 - 3L Fishers  8,621
Total 18,325
Source: http://www.nfl.dfo-mpo.gc.ca/publications/reports_rapports/shrimp_2006.htm. 
 
4.5.7. Fishing Gear 
 
Fisheries within the Study and Project Areas are conducted almost entirely using fixed gear (crab pots), 
reflecting the dominant fishery. In general, fixed gear poses a much greater potential for conflicts with 
towed survey gear since it is often hard to detect when there is no fishing vessel near by, and it may be 
set out over long distances in the water.  
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If in a seismic survey area, crab pots pose a significant potential for conflict if the survey vessel 
encounters them. The amount of gear fishers are permitted to use varies by licence category, and also by 
the area in which a licence holder may be fishing. Crab pots are set on the seabed in strings buoyed at 
the surface. Crab gear generally has a highflyer (radar reflector) at one end and a large buoy at the other. 
Some fishers use highflyers at both ends. Depending on weather, they may be left unattended several 
days at a time. 
 
Fishers typically try to leave about 20 fathoms (120 feet) on the seabed between each pot. Thus, 
allowing slack for the anchor ropes on either end of the string to extend upwards at an angle, the 
distance between the typical highflyer and end-buoy of, for example, a 50-60 pot string of crab gear 
would be 6,000 feet to 7,500 feet, or approximately 1.8-km to 2.3-km.  
 
Shrimp harvesting uses mobile shrimp trawls. These are modified stern otter trawls, for both inshore and 
offshore vessels, though some use beam trawls.  
 
4.5.8. Transit Route (St. John’s to the Survey Prospect) 
 
It is proposed that the seismic ship will deploy its streamers (for adjustments, such as streamer 
ballasting) as it transits from St. John’s to the Survey Area. This will save time and increase efficiency 
as this will not have to be done after it arrives on site.  
 
Since there will be no use of the sound source (array), the only issues presented relate to the vessel itself 
and the potential for the streamer to tangle with fixed fishing gear. (The assessment of the effects of this 
component is included in Section 5.6.4 of this report.) 
 
Figure 4.36 indicates, the location of fixed gear (primarily snow crab pots) between the eastern Avalon 
Peninsula and the Survey Area, for the months of May through December, using aggregated 2004 – 
2006 georeferenced data. 
 
Because the patterns of fishing vary by month, a final route, taking into account the avoidance of active 
fixed gear areas, will be chosen shortly before the project begins. However, as Figure 4.36 indicates, 
there are various options for transiting that would avoid areas where the survey vessel is more likely to 
encounter fixed gear. In any case, the onshore Single Point of Contact (SPOC) and the at-sea Fisheries 
Liaison Officer (FLO) will also advise the vessel en route, to avoid fishing gear. 
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Figure 4.36. All fixed gear locations, May – December, 2004, 2005, 2006. 
 
4.5.9. Industry and DFO Science Surveys 
 
Fisheries research surveys conducted by DFO, and sometimes by the fishing industry, are important to the 
commercial fisheries to determine stock status, as well as for scientific investigation. Table 4.14 provides 
the relevant 2007 DFO research survey schedule (preliminary) for Newfoundland and Labrador which 
might overlap with the Survey Area, though this schedule may change.  
 
DFO notes that the RV Teleost’s capelin research on the Grand Banks (from about May 5 to June 5) will 
likely start first in 3L then moving to the Southeast Shoal. The 3L fall survey might begin in the deeper 
(slope) areas of 3L toward late October, and move to the shallower areas from early November to 
early/mid-December (B. Brodie, DFO, pers. comm. March 2007). 
 
The 2007 research survey schedule will be monitored as it is finalized. 
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Table 4.14. DFO survey schedule (tentative), relevant areas, 2007. 
 

Vessel Survey Start End 
Templeman/Needler Multi-species 3LNO 2-April-07 30-Jun-07 

Teleost Capelin survey, 3L3N 5-May-07 5-June-07 
Teleost Multi-species (3L portion) Late Oct-07 Mid Dec-07 

 
The FFAWU and fishers have been involved in an industry survey for crab in various offshore harvesting 
locations over the past few years. The FFAW crab survey will be taking place again in 2007, likely in 
September (though the FFAW would prefer it was a bit earlier) and will last 24-48 hours. Set locations 
change from year to year, and the 2007 locations have not yet been finalized. When they are, the FFAW 
will provide the research locations (i.e., 2007 map) to the survey (J. Coady, pers. comm. March 2007). 
 
The set locations from previous surveys do not overlap with the proposed Survey Area. The past locations 
are shown in Figure 4.37.  
 

 
 
Figure 4.37. Snow crab survey locations. 
  
 
Communications will need to be maintained with DFO and the fishing industry about any of their surveys 
as their plans are finalized for 2007. 
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4.6. Seabirds 
 
The Jeanne d'Arc Basin is located on the northeast corner of the Grand Banks.  The highly productive 
Grand Banks supports large numbers seabirds at all seasons (Lock et al. 1994).  Seabirds are not spread 
evenly over the ocean but tend to be concentrated over anomalies such as shelf edges and along currents.  
Here mixing in the water column creates a productive environment for zooplankton.  The Project Area is 
located on the edge of the Grand Banks where it begins to slope into the deep waters beyond the 
continental shelf.  A branch of the Labrador Current flows south along the shelf edge off eastern 
Newfoundland including the Grand Banks.  The combination of shelf edge and Labrador Current are 
prime conditions for productivity of zooplankton, the basis of marine food chains. 
 
The Grand Banks have been identified as areas rich in abundance and diversity of seabirds (Brown 
1986; Lock et al. 1994).  Seabird observations from this area are sparse (Lock et al. 1994).  Original 
baseline information has been collected by the Canadian Wildlife Service through PIROP (Programme 
intégré de recherches sur les oiseaux pélagiques).  These data have been published for 1969-1983 
(Brown 1986) and up to the early 1990s (Lock et al. 1994).  Additional seabird observations have been 
collected on the northeast Grand Banks by the offshore oil and gas industry.  These data have been 
analyzed for the period 1999-2002 (Baillie et al. 2005).  In 2005, Husky Energy Inc.’s seismic 
exploration of the basin enabled the collection of valuable additional data by LGL biologists 
experienced in seabird identification on the MV Western Neptune during the period 1 October to 8 
November 2005 (Lang et al. 2006). Information from all the above sources was used to predict 
abundances by month of seabirds occurring in the Study Area (Table 4.15).   
 
The enormous numbers of nesting seabirds on the Avalon Peninsula illustrates the richness of the Grand 
Banks for seabirds.  The seabird breeding colonies on Baccalieu Island, the Witless Bay Islands and 
Cape St. Mary’s are among the largest in Atlantic Canada.  More than 4.6 million pairs nest at these 
three locations alone (Figure 4.38 and Table 4.16).  This includes the largest Atlantic Canada colonies of 
Leach’s Storm-Petrel (3,336,000 pairs on Baccalieu Island), Black-legged Kittiwake (23,606 pairs on 
Witless Bay Islands), Thick-billed Murre (1,000 pairs at Cape St. Mary’s) and Atlantic Puffin (216,000 
pairs on Witless Bay Islands).  All these birds feed on the Grand Banks during the nesting season from 
May to September.  In addition, Funk Island, 150 km northwest of the Grand Banks supports the largest 
colony of Common Murre in Atlantic Canada.  Many of these birds would reach the northern Grand 
Banks during the breeding season.  
 
There are nine seabird nesting sites on the southeast coast of Newfoundland from Cape Freels to the 
Burin Peninsula meeting the criteria for an Important Bird Area (IBA) (Figure 4.38, Table 4.16).  An 
IBA is a site that provides essential habitat for one or more species of breeding or non-breeding birds.   
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Table 4.15. Predicted monthly abundances of seabird species occurring in the Study Area. 
 

Common Name Scientific Name Monthly Abundance 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Procellariidae    
Northern Fulmar Fulmarus glacialis  C C C C C C C C C C C C
Greater Shearwater Puffinus gravis U C C C C C S
Sooty Shearwater Puffinus griseus S U U U U U S
Manx Shearwater Puffinus puffinus  S S S S S S
Hydrobatidae   
Leach's Storm-Petrel Oceanodroma leucorhoa U-C U-C U-C U-C U-C U-C U-C S
Wilson's Storm-Petrel Oceanites oceanicus S S S S
Sulidae   
Northern Gannet Morus bassanus  S S S S S S S
Phalaropodinae   
Red Phalarope Phalaropus fulicarius S S S S S S
Red-necked Phalarope Phalaropus lobatus S S S S S
Laridae   
Great Skua Stercorarius skua S S S S S S
South Polar Skua Stercorarius maccormicki S S S S S S
Pomarine Jaeger Stercorarius pomarinus S S S S S S
Parasitic Jaeger Stercorarius parasiticus S S S S S S
Long-tailed Jaeger Stercorarius longicaudus S S S S S
Herring Gull Larus argentatus S S S S S S S S S S S S
Iceland Gull Larus glaucoides S S S S  S S
Lesser Blk-backed Gull Larus fuscus VS VS VS VS VS VS VS VS
Glaucous Gull Larus hyperboreus S S S S  S S S
Great Black-backed Gull Larus marinus U U VS VS VS VS VS U U U U U
Ivory Gull Pagophila eburnea VS? VS? VS? VS?  
Black-legged Kittiwake Rissa tridactyla  C C C C C S S S U C C C
Arctic Tern Sterna paradisaea S S S S S
Alcidae   
Dovekie Alle alle U-C U-C U-C U-C S VS S C C U-C
Common Murre Uria aalge  S-U S-U S-U S-U S-U S-U S-U S-U S-U S-U S-U S-U
Thick-billed Murre Uria lomvia  U-C U-C U-C U-C VS-S VS-S VS-S VS-S VS-S U-C U-C U-C
Razorbill Alca torda  S S S S S S S S
Atlantic Puffin Fratercula arctica  S-U S-U S-U S-U S-U S-U U U
Source:  Brown (1986); Lock et al. (1994); Baillie et al. (2005); Lang et al. (2006). 
C = Common, occurring daily in moderate to high numbers, U = Uncommon, occurring regularly in small numbers, S = Scarce, a few individuals occurring and VS = Very 
Scarce, very few individuals.  Blank cells indicate that the species is not expected to occur. 
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Figure 4.38. Locations of Important Bird Areas (IBAs) relative to the Study Area. 
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Table 4.16. Numbers of pairs of seabirds nesting at Important Bird Sites (IBA) in eastern 
Newfoundland. 

 

Species Wadham 
Islands 

Funk 
Island 

Cape 
Freels 
and 

Cabot 
Island 

Baccalieu 
Island 

Witless 
Bay 

Islands 

Cape 
St. 

Mary’s 

Middle 
Lawn 
Island 

Corbin 
Island 

Green 
Island 

Procellariidae          
Northern 
Fulmar - 13a - 20a 40a,f Presenta - - - 

Manx 
Shearwater - - - - - - 100a - - 

Hydrobatidae          
Leach’s Storm-
Petrel 1,038d - 250a 3,336,000a 621,651a,h,i - 26,313a 100,000a 72,000a 

Sulidae          
Northern 
Gannet  9,837b  1,712b - 6,726b - - - 

Laridae          

Herring Gull - 500a - Presenta 4,638a,e Presenta 20a 5,000a - 

Great Black-
backed Gull Presentd 100a - Present1 166a,e Presenta 6a 25a - 

Black-legged 
Kittiwake - 810a - 12,975a 23,606a,f 10,000a - 50a - 

Arctic and 
Common Terns 376a - 250a - - - - - - 

Alcidae          

Common 
Murre - 412,524c 2,600a 4,000a 83,001a,f 10,000a - - - 

Thick-billed 
Murre  250a - 181a 600a 1,000a - - - 

Razorbill 273d 200a 25a 100a 676a,f 100a - - - 

Black 
Guillemot 25a 1a - 100a 20+a Presenta - - - 

Atlantic Puffin 6,190d 2,000a 20a 30,000a 272,729a,f,g - - - - 

TOTALS 7,902 426,235 3,145 3,385,088 1,007,107 27,826 26,413 105,075 72,000 
Sources:  a Cairns et al. (1989); b Chardine (2000); c Chardine et al. (2003); d Robertson and Elliot (2002); e Robertson et al. 
(2001) in Robertson et al (2004); f  Robertson et al. (2004); g Rodway et al. (2003) in Robertson et al. (2004); h Robertson et 
al. (2002); I Stenhouse et al (2000). 
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These sites may contain threatened species, endemic species, species representative of a biome, or 
highly exceptional concentrations of birds (www.ibacanada.com).   
 
In addition to local breeding birds, there are many non-breeding seabirds on the Grand Banks during the 
summer months.  Most of the world’s population of Greater Shearwater is thought to migrate to the 
Grand Banks and eastern Newfoundland to moult and feed during our summer months after completion 
of nesting in the Southern Hemisphere.  All species of seabirds require more that one year to become 
sexually mature.  Many non-breeding sub-adult seabirds, especially Northern Fulmar and Black-legged 
Kittiwake, are present on the Grand Banks year-round.    
 
Other seabirds (jaegers, terns and phalaropes) migrate north in spring and south in autumn over the 
Grand Banks between breeding sites in the low Arctic to wintering areas in the more southern latitudes.  
Large numbers of Arctic breeding Thick-billed Murre, Dovekie, Northern Fulmar and Black-legged 
Kittiwake migrate to eastern Newfoundland, including the Grand Banks, for the winter.   
 
Ivory Gull was listed as an Endangered species by COSEWIC in April 2006 and is currently under 
consideration for legal listing as Endangered under the Species at Risk Act (SARA) Schedule 1.  Ivory 
Gull is likely of less than annual occurrence in the Project Area.  See Section 4.8.2 for more detail. 
 
4.6.1. Seasonal Occurrence and Abundance of Seabirds  
 
The world range and seasonal occurrence and abundance of seabirds occurring regularly in the Project 
Area are described.  Table 4.15 summaries the predicted abundance status for each species monthly. The 
table uses four categories to define a relative abundance of seabirds species observed:  
 

• Common = occurring daily in moderate to high numbers,  
• Uncommon = occurring regularly in small numbers,  
• Scarce = a few individuals occurring, and  
• Very Scarce = very few individuals.   
 

A species world population estimate is taken into consideration when assessing relative abundance; for 
example, Greater Shearwater are far more numerous on a world wide scale compared to a predator like 
the Great Skua.  Information was derived from Brown (1986), Lock et al. (1994), Baillie et al. (2005), 
and Lang et al. (2006). 
 
4.6.1.1. Procellariidae (fulmars and shearwaters)  
 
 Northern Fulmar.—Northern Fulmar breeds in the north Atlantic, north Pacific and Arctic oceans.  In 
the Atlantic Ocean, it winters south to North Carolina and southern Europe.  It is common all year in 
ice-free waters off eastern Newfoundland (Brown 1986; Lock et al. 1994).  Through band recoveries it is 
known that most individuals in Newfoundland waters are from Arctic breeding colonies.  Adults and 
sub-adult birds are present in the winter with sub-adults remaining through the summer.  There are fewer 
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than 100 pairs breeding in eastern Newfoundland (Cairns et al. 1989).  This species was most frequently 
recorded during spring and autumn on the drill platforms on the northeast Grand Banks from 1999-2002 
(Baillie et al. 2005).  Northern Fulmar was found to be common in the Study Area during Husky’s 
monitoring program conducted from 1 October-8 November 2005 (Lang et al. 2006).  Densities per 
15’N x 30’W block were mostly in the range of 5.0-9.9 and 10.0-99.9 individuals per km²; it was the 
most abundant species observed during the monitoring program. The predicted status in the Study Area 
is common all year. 
 
Greater Shearwater.—The Greater Shearwater breeds on the Tristan de Cunha Islands in the south 
Atlantic Ocean.  It spends the non-breeding season in the north Atlantic.  Greater Shearwater has a 
significant presence on the Grand Banks.  A considerable portion of the entire population of about five 
million individuals migrate from Southern Hemisphere breeding sites to feed and moult on the Grand 
Banks and eastern Newfoundland in June and July (Lock et al. 1994).  After moulting, birds remain in 
the area until early November.  Greater Shearwater was the most numerous bird recorded from drill 
platforms on the northeast Grand Banks from 1999-2002 (Baillie et al. 2005).  Numbers increased 
though the summer and peaked in September then decreased rapidly with only stragglers remaining into 
November.  Median flock size was usually <50 but occasionally up to 1,200 individuals (Baillie et al. 
2005).  During Husky’s monitoring program in the Study Area, Greater Shearwater was common in the 
first ten days of October  as densities ranged from 2.0-4.9 to 10.0-99.9 birds per km² (Lang et al. 2006). 
Numbers decreased through the latter half of October and none were recorded during any ten-minute 
counts during the last three weeks of the survey period.  The last incidental sightings of this species were 
of 20 individuals on 4 November.  Greater Shearwater is predicted to be present in the Study Area from 
May to early November.  It is expected to be uncommon during May, common from June to mid 
October and uncommon from mid October to early November.   
 
Sooty Shearwater.—Sooty Shearwater breeds in the south Atlantic and south Pacific oceans.  It spends 
most of the non-breeding season in the Northern Hemisphere.  Some Sooty Shearwaters follow the same 
migration pattern as Greater Shearwater by migrating north to Canadian waters in spring.  Sooty 
Shearwater is usually outnumbered by Greater Shearwater in eastern Canada (Brown 1986).  Recorded 
numbers peaked at 2.5 birds/day at one drill platform on the northeast Grand Banks in 2000 and 2001 
(Baillie et al. 2005).  During Husky’s monitoring program in the Study Area in October and November 
2005, Sooty Shearwater was uncommon in the first half of October and scarce from mid October to 
early November (Lang et al. 2006).  Mean weekly number of individuals per ten minute count ranged 
from 0.5-2.7 during October.  The species was recorded only during incidental observations up to the 
last day of the survey on 8 November.  Sooty Shearwater is predicted to be present in the Study Area 
from May to early November.  It is expected to be scarce in May, uncommon from June to October and 
scarce in early November.   
 
Manx Shearwater.—Manx Shearwater breeds in northeast Atlantic Ocean.  It is uncommon in the 
northwest Atlantic but there have been documented colonies in North America since the late 1970s.  The 
only known established breeding colony in the northwest Atlantic is at Middle Lawn Island, Burin 
Peninsula, Newfoundland. Breeding was first confirmed in 1977. While several hundred individuals 
 



 

Petro-Canada’s 3-D Seismic Program LGL Limited 
Environmental Assessment Page 105 
 

 

attend the island annually only a handful lay eggs in nesting burrows (Robertson 2002). Other nest sites 
in Newfoundland have not been confirmed.  Most Manx Shearwater observed in North American waters 
are probably non-breeding sub-adults and post-breeding birds from European breeding colonies.  Manx 
Shearwater winters in middle latitudes of Atlantic Ocean.  A total of 39 were recorded from drill 
platforms on the northeast Grand Banks during 1999-2002 (Baillie et al. 2005).  This accounted for 
<0.1% of all the birds recorded.  There was only one sighting of a Manx Shearwater during seabird 
monitoring of Husky’s seismic program in the Jeanne d’Arc Basin from 1 October-8 November 2005 
(Lang et al. 2006); it was observed on 22 October.  Manx Shearwater is predicted to be present in the 
Study Area from May to October.  It is expected to be scarce during this time period.   
 
4.6.1.2. Hydropbatidae (storm-petrels) 
 
Leach’s Storm-Petrel.—Leach’s Storm-Petrel breeds in the north Pacific and north Atlantic oceans.  It 
winters at the middle latitudes and south of equator in both oceans.  It is an abundant breeder in eastern 
Newfoundland with more than four million pairs nesting on islands off the eastern Avalon Peninsula 
(Table 4.16).  The largest breeding colony in the world is at Baccalieu Island on the northeast Avalon 
Peninsula, where over 3.3 million pairs nest (Lock et al. 1994).  They range far from breeding colonies 
to feed.  Many non-breeding sub-adults remain at sea through the breeding season.  An average of <1 
Leach’s Storm-Petrel was recorded per day from the drill platforms on the northeast Grand Banks in 
1999-2002 (Baillie et al. 2005).  The low number may have been a result of the height of observers off 
the water and the lack of persistent use of binoculars for scanning.  Storm-petrels are difficult to see 
because they are dark and fly very low over the water.  Leach’s Storm-Petrel was uncommon during 
monitoring of Husky’s seismic program in October and November 2005 in the Study Area (Lang et al. 
2006).  Densities of 01.-0.9 birds per km² were recorded during the month of October.  Numbers were 
reduced during the first week of November with incidental sightings recorded up to 8 November.  
Leach’s Storm-Petrel is predicted to be present in the Study Area from April to early November.  It is 
expected to be uncommon to common during this time period.   
 
Wilson’s Storm-Petrel.—The Wilson’s Storm-Petrel breeds in the south Atlantic Ocean and Antarctica.  
In the non-breeding season (May to October), they migrant north to waters off southern Nova Scotia and 
Newfoundland.  It is uncommon in Newfoundland waters from June to September (Brown 1986).  
Eighty-one of the 300 storm-petrels identified to species during observations from drill platforms on the 
northeast Grand Banks during 1999-2002 were identified as Wilson’s Storm-Petrel (Baillie et al. 2005).   
 
4.6.1.3. Sulidae (gannets) 
 
Northern Gannet.—The Northern Gannet breeds in the north Atlantic from Canada to Iceland and the 
British Isles.  They winter at sea south of their breeding range but north of the equator.  About 12,000 
pairs nest on three colonies in eastern Newfoundland (Table 4.16).  Gannets are common near shore and 
scarce beyond 100 km from shore.  The Project Area is beyond the range of most Northern Gannets.  
Northern Gannet was seldom recorded during seabird monitoring of Husky’s seismic program in the 
Study Area in October and November 2005; individuals were recorded on just four of the 320 
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ten-minute surveys (Lang et al. 2006).  On 12 October, 50 Northern Gannets were observed just west of 
the Study Area when the seismic vessel was avoiding bad weather.  Incidental sightings of up to 15 
individuals per day within the Study Area through October indicate small numbers are regular in the 
Study Area during fall migration. None were observed diving for food.  Northern Gannet is predicted to 
be present in the Study Area from April to October.  During this time period it is expected to be scarce.  
 
4.6.1.4. Phalaropodinae (phalaropes) 
 
There are two species of phalaropes that occur at sea.  They are the Red Phalarope and Red-necked 
Phalarope.  Both breed in the Arctic to sub-Arctic regions of North America and Eurasia.  They winter at 
sea mostly in the Southern Hemisphere.  They migrate and feed offshore, including Newfoundland 
waters during their spring and autumn migrations.  The two phalaropes are often difficult to distinguish 
at sea.  Red Phalarope usually outnumbers Red-necked Phalarope in Newfoundland waters (Brown 
1986).  Phalaropes seek out areas of upwelling and convergence where rich sources of zooplankton are 
found.  They are locally common especially along the shelf edges off Newfoundland and Labrador.  
Phalaropes were scarce during seabird monitoring of Husky’s seismic program in the Study Area in 
October and November 2005; none were recorded on the 320 ten-minute survey periods and only nine, 
all Red Phalaropes, were observed during incidental observations (Lang et al. 2006).  .  Phalaropes are 
predicted to be present in the Study Area from May to October.  During this time period they are 
expected to be scarce.   
 
4.6.1.5. Laridae (skuas, jaegers, gulls and terns) 
 
Great Skua and South Polar Skua.—The Great Skua breeds in the Northern Hemisphere in Iceland and 
northwestern Europe.  The South Polar Skua breeds in the Southern Hemisphere and migrates to the 
Northern Hemisphere for the non-breeding season.  Both species occur in Newfoundland waters from 
May to October.  Identifying skuas to species is very difficult at sea.  Skuas are kleptoparasites usually 
occurring where other seabirds are numerous particularly along shelf edges.  Generally skuas are quite 
scarce.  A total of 118 sightings of skua occurred during seabird monitoring of Husky’s seismic program 
in the Study Area in October and November 2005 (Lang et al. 2006). Of these sightings only 25 (16 
Great and 9 South Polar Skuas) were identified to species. Only 22 skuas were observed after mid-
October with the latest sighting occurring on 31 October.  Both species of skua are predicted to be 
present in the Study Area from May to October.  During this time period they are expected to be scarce.  
    
Pomarine Jaeger, Parasitic Jaeger and Long-tailed Jaeger.—All three species of jaeger nest in the 
sub-Arctic to Arctic regions in North America and Eurasia.  They winter at sea in the Pacific and 
Atlantic oceans.  Pomarine and Parasitic Jaegers winter mainly south of 35°N and Long-tailed Jaeger 
mainly south of the equator.  The three species of jaeger are relatively easy to identify in adult plumage 
but very difficult in sub-adult plumages.  As a group their habits are very similar so they are treated as 
one group here.  Adult jaegers migrate through Newfoundland waters in spring and fall.  Sub-adults 
often migrate only part way to the breeding grounds and are often present in Newfoundland waters all 
summer.  Like skuas, jaegers are kleptoparasites preying primarily on Black-legged Kittiwakes and 
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Arctic Terns.  Densities of jaegers, like most predators, are relatively low.  Peak numbers in 
Newfoundland occur during migration in May to early June and September to October.  A total of 154 
jaegers were observed during seabird monitoring of Husky’s seismic program in the Study Area in 
October and November 2005 (Lang et al. 2006). Of these jaegers, 94 were Pomarine, 9 were Parasitic, 
and 51 were unidentified jaegers.  Only 33 jaegers were observed after mid-October with the latest 
sighting (Pomarine Jaeger) on 7 November.  Long-tailed Jaegers migrate earlier and were not expected 
in October.  Jaegers are predicted to be present in the Study Area from May to October.  During this 
period they are expected to be scarce.   
 
Herring Gull, Great Black-backed Gull, Iceland Gull and Glaucous Gull.—Herring Gull breeds in 
northern North America, Europe and northeast Russia.  It winters in the southern part of its breeding 
range.  Great Black-backed Gull is restricted to breeding in the north Atlantic and it winters in coastal 
Canada and Europe.  Iceland Gull breeds in the northeast Canadian Arctic and Greenland and winters on 
open coastal waters south to New England states.  Glaucous Gull breeds in sub-Arctic and Arctic 
regions in North America, Greenland and Eurasia and winters within its breeding range and farther 
south.  The large gulls are generally rare to scarce far from shore on the Grand Banks.  The exception is 
Great Black-backed Gull.  On drill platforms on the northeast Grand Banks in 1999-2002, Great Black-
backed Gull was common during September to February and nearly absent from March to August 
(Baillie et al. 2005).  Herring Gulls were present in consistent numbers throughout the year but in lower 
numbers than Great Black-backed Gulls.   
 
Five species of large gull were recorded during seabird monitoring of Husky’s seismic program in the 
Jeanne d’Arc Basin in October and November 2006 (Lang et al. 2006).    Herring, Great Black-backed 
and Glaucous Gulls were scarce to uncommon and Lesser Black-backed and Iceland Gulls were very 
scarce.  Great Black-backed Gull was the most numerous of the large gulls.  It was observed daily with 
the highest daily total of 125 individuals (mostly incidental sightings) occurring on 9 October.  Most 
daily totals were in the range of 30-50 individuals.  An average density of 3.2 birds per km² was 
determined for the entire survey period.  Herring Gull was also numerous but was observed in numbers 
significantly lower than the Great Black-backed Gull.  Herring Gulls were observed on 21 of the 39 days 
of the survey.  The maximum daily count of Herring Gulls within the Study Area was 25 birds on 4 
November and most daily totals from incidental sightings ranged from 2-5.  The Glaucous Gull was first 
observed on 12 October and gradually became more common through the survey period with daily totals 
up to 20 individuals in late October and early November.  Only one Iceland Gull was recorded (1 
November) in the Study Area.  West of the Study Area, 25 Iceland Gulls were observed on 5 November.   
A total of 10 Lesser Black-backed Gulls were observed during the entire monitoring period. 
 
The predicted status in the Study Area for Herring Gull is scarce throughout the year; Great Black-
backed Gull is uncommon from August to February and very scarce from March to July; Glaucous Gull 
is scarce from late October to April; Iceland Gull is scarce from November to April; and Lesser Black-
backed Gull is considered very scarce from May to December.   
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Black-legged Kittiwake.—The Black-legged Kittiwake has a circumpolar breeding range.  In Canada, it 
breeds from the Arctic south to Nova Scotia.  It winters at sea in the northern Pacific and northern 
Atlantic oceans.  Black-legged Kittiwake is an abundant seabird off the Newfoundland coast.  Breeding 
colonies on the Avalon Peninsula and northeast coast of Newfoundland total 77,398 pairs (Cairns et al. 
1989).  Many of the four million pairs that breed in the North Atlantic Ocean spend some time off the 
east coast of Newfoundland (Brown 1986; Lock et al. 1994).  Black-legged Kittiwake is present in all 
months of the year on the Grand Banks.  Observations from the drill platforms on the northeast Grand 
Banks in 1999-2002 showed Black-legged Kittiwakes were present from October to May but were most 
prevalent in November and December (Baillie et al. 2005).  Black-legged Kittiwake was commonly 
observed during Husky’s seabird monitoring program in the Jeanne d’Arc Basin in October and 
November 2005 (Lang et al. 2006).  Densities within the Study Area ranged from 1.0-9.9 birds per km² 
in areas where the majority of ten-minute counts were conducted.  Daily totals from incidental sightings 
typically ranged from 250-1000 individuals. Bird in first winter plumage were relatively numerous with 
typically 15-25% of the daily total for incidental sightings.  The predicted status of Black-legged 
Kittiwake in the Study Area is common from October to May and scarce from June to August and 
uncommon in September. 
 
Ivory Gull.—Ivory Gull breeds in the high Canadian Arctic, Greenland and northern Eurasian.  It 
winters among the sea ice within its breeding range and slightly farther south.  The winter range extends 
farthest south in the northwestern Atlantic reaching a limit off the northeast coast of Newfoundland.  
Concerns over reduced numbers of Ivory Gulls at known breeding colonies in the Canadian Arctic has 
resulted in COSEWIC listing it as Endangered (see Section 4.8.2).  Ivory Gull may occur in small 
numbers in the Study Area when pack ice reaches the northern Grand Banks in late winter.  The thirty 
year median of ice concentration shows ice extending into the northern edge of the Grand Banks east to 
48°W in late February to late March (LGL 2005a).  Ivory Gull probably rarely reaches the Project Area.  
In unusually heavy ice years, ice may be more prevalent within the Project Area at which time a few 
Ivory Gulls could be present in February to April.  A total of 21 Ivory Gulls were reported from drill 
platforms on the northeast Grand Banks in 1999-2002; this total seems too high and most were reported 
when there was no ice.  The predicted status of the Ivory Gull in the Study Area is very scarce, less than 
annual, and individuals are most likely to occur from January to April. 
 
Arctic Tern.—Arctic Tern breeds in sub-Arctic to Arctic regions of North America and Eurasian.  In the 
western Atlantic, it breeds south to Nova Scotia.  It winters at sea in the Southern Hemisphere.  Arctic 
Terns migrate at sea through Newfoundland and Labrador waters in spring and autumn.  The predicted 
status in the Study Area is scarce from May to September, it is not expected to occur in other months. 
 
4.6.1.6. Alcidae (Dovekie, murres, Black Guillemot, Razorbill and Atlantic Puffin) 
 
Dovekie.—Dovekie breeds in the North Atlantic mainly in Greenland and east Nova Zemlya, Jan Mayen 
and Franz Josef Land in northern Russia.  It winters at sea south to 35°N.  Dovekie is a very abundant 
bird with a world population estimated at 30 million (Brown 1986).  A large percentage of the colony 
that breeds on Greenland winters in the western Atlantic, mainly off Newfoundland (Brown 1986).  The 
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low numbers of Dovekies observed from the drill platforms on the northeast Grand Banks in 1999-2002 
was attributed to the difficulty in seeing the small birds from the observation posts (Baillie et al. 2005).  
Dovekie was found to be fairly common during seabird monitoring of Husky’s 2005 seismic program 
(Lang et al. 2006).  Densities within the Study Area ranged from 1.0-9.9 birds per km² in areas where 
the majority of ten-minute counts were conducted.  The Dovekies were first observed on 3 October 
when 500 individuals were counted.  This species was observed daily from 3 October-8 November in 
numbers typically ranging from 100-300.  Maximum daily totals from incidental sightings were 2000 on 
13 October, 1500 on 28 October and 2500 on 4 November.  Birds were observed on the water and in 
flight.  Distinct movements or migrations of Dovekie involving hundreds of individuals were observed 
on several dates.  Eastward movements were observed 3, 13, 15 and 16 October, and southward 
movements on 4 and 5 November.   The predicted status in the Study Area is common from October to 
November and uncommon to common from December to May.   
 
Common Murre.—Common Murre breeds in the north Pacific Ocean and north Atlantic Ocean.  In the 
western Atlantic, it winters from southern Newfoundland to Massachusetts.  It is an abundant breeder in 
eastern Newfoundland with nearly half a million pairs, with 80% of those on Funk Island (Table 4.16).  
During the breeding season (May to early August) the Project Area is likely too far from breeding sites 
to be used regularly for foraging.  In the non-breeding season (August to March), Common Murre are 
likely to be found on the northern Grand Banks.  Due to low density and high difficultly in detecting 
murres at sea, surveys generally underestimate the numbers of Common Murre.  Common Murre was 
found to be uncommon to occasionally common during Husky’s seabird monitoring programin the 
Jeanne d’Arc Basin in October and November (Lang et al. 2006).  Typical daily totals from incidental 
sightings ranged from 20-40 Common Murres during the first three weeks of October but decreased to 
0-3 per day between 24 October and 8 November.  Weekly densities derived from ten-minutes surveys 
peaked at 7.5 birds per km² in the third week of October.  The majority of birds were observed on the 
water as singles or in small groups of up to five, often in the same general areas as Atlantic Puffins.  
Unlike Thick-billed Murre and Dovekie, no significant movements were noted.  The predicted status in 
the Study Area is scarce to uncommon throughout the year. 
 
Thick-billed Murre.—Thick-billed Murres breed in sub-Arctic to Arctic regions in North America and 
Eurasia.  In Atlantic Canada, it breeds as far south as Newfoundland and winters in open water within its 
breeding range and in the western Atlantic south to New Jersey.  Thick-billed Murre is the “winter 
murre” in eastern Newfoundland.  Many of the more than two million Arctic Canadian and Greenland 
breeders winter in Newfoundland and Labrador waters.  The Grand Banks has been identified as an 
important wintering area for Thick-billed Murres (Brown 1986 and Lock et al. 1994).  Relatively small 
numbers (~2000) breed in eastern Newfoundland (Table 4.16).  In eastern Newfoundland waters, 
including the Study Area, it is common from October to May and scarce from June to September.  
Thick-billed Murre was found to be uncommon to common during Husky’s seabird monitoring program 
in Jeanne d’Arc Basin (Lang et al. 2006).  Densities were 2.0-9.9 birds per km² within the Study Area.  
Thick-billed Murre was first observed on 7 October and it was observed almost daily until the end of the 
survey period on 8 November.  Typical daily totals derived from incidental sightings and ten-minute 
surveys were 50-250 birds.  Birds were observed on the water and in flight. Distinct movements in 
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which hundreds of individuals were observed were noted. Eastward movements were noted on 13 and 
15 October and southward movements were observed on 4-6 November.  The predicted status of Thick-
billed Murre in the Study Area is uncommon to common from October to April and very scarce to 
scarce from May to September.   
 
Razorbill.—Razorbill breeds in the north Atlantic Ocean from Maine and eastern Canada to Greenland 
and Iceland to Great Britain.  It winters in the south from North Carolina in the west and France in the 
east.  Razorbills are relatively scarce compared to the other murres.  Most of the 20,000 breeding pairs 
in Atlantic Canada occur in southeast Labrador (Brown 1986).  About 710 pairs breed in eastern 
Newfoundland (Table 4.16).  Razorbills primarily winter south of Newfoundland from Nova Scotia 
south to North Carolina.  It is probably rare or uncommon on the northeastern Grand Banks as a migrant.  
Observations of Razorbill at sea are often under reported because of the difficultly in distinguishing 
amongst the murres.  During seabird monitoring of Husky’s seismic program in the Jeanne d’Arc Basin 
there was only one Razorbill sighting (Lang et al. 2006).  It was a group of four individuals on 6 
October.  The lack of observations during this time period when the species is a common migrant 
through near shore areas of eastern Newfoundland, indicates that Razorbill does not often occur on the 
northern Grand Banks.  The predicted status in the Study Area is very scarce from April to November, 
and likely absent in other months.   
 
Atlantic Puffin.—Atlantic Puffin breeds in the north Atlantic in Maine, Nova Scotia, Newfoundland and 
Labrador, Greenland, Iceland and northwest Europe.  Atlantic Puffin is abundant in the North Atlantic 
with about 12 million pairs (Brown 1986).  About 320,000 pairs nest in Atlantic Canada of which most 
nest in southeast Newfoundland (Brown 1986).  In North America it is thought to winter from southern 
Newfoundland to southern Nova Scotia.  The Study Area is likely too far east of the breeding sites to be 
used as foraging areas in the summer.  Migrants and post-breeders may use the northern Grand Banks in 
late summer and early autumn.  Only one Atlantic Puffin was observed from the drill platforms on the 
northeast Grand Banks in 1999-2002 (Baillie et al. 2005).  This was likely partly due to difficultly in 
detectability at sea.  Puffins winter on the southern Grand Banks to Georges Bank, Nova Scotia (Brown 
1986).  Atlantic Puffin was found to be uncommon during seabird monitoring of Husky’s seismic 
program in the Jeanne d’Arc Basin in October and November 2005 (Lang et al. 2006).  It was observed 
on 32 of the 39 days with survey effort and daily counts typically ranged from 20-50 individuals. There 
was a maximum count of 100 on 22 October.  Densities ranged from 1.0-4.9 birds per km² in the 
southern half and 0-0.9 birds per km² in the northern half.  The majority of birds were observed on the 
water as singletons or in small groups of up to five individuals.  Unlike Thick-billed Murre and Dovekie 
no general movement patterns were noted.  The predicted status of Atlantic Puffins in the Study Area is 
scarce to uncommon from April to November and uncommon in October and November.   
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4.6.2. Prey and Foraging Habits 
 
Marine birds in the Study Area consume a variety of prey ranging from small fish to zooplankton.  
Different foraging methods include plunge diving from a height of 30 m into the water, feeding on the 
surface, and sitting on the water then diving.  Table 4.17 summarizes the feeding habits of birds 
expected to occur in the Study Area. 
 
4.6.2.1. Procellariidae (fulmar and shearwaters) 
 
Northern Fulmar and the four species of shearwaters that are expected to occur in the Study 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, or dipping head under the water.  Shearwaters are also capable of diving a short distance 
under the surface, probably no more than a meter on average.  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.   
 
4.6.2.2. 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. 
 
4.6.2.3. Sulidae (Northern Gannet) 
 
Northern Gannet feeds on cephalopods and small fish such as capelin, mackeral, herring and Atlantic 
saury.  They secure prey in spectacular fashion by plunging from a height of up to 30 m into the water 
reaching depths of 10 m.  They pop back to the surface within a few seconds of entering the water.   
 
4.6.2.4. 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.  The head probably rarely goes beneath 
surface. 
 
4.6.2.5. Laridae (skuas, jaegers, gulls, terns) 
 
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.  Long-
tailed Jaeger, the smallest member of this group, also feeds on small invertebrates and fish, which is 
caught by dipping to the surface of the water while remaining on the wing.   
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Table 4.17. 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  

Cory’s Shearwater Fish, cephalopods, crustaceans, 
zooplankton, offal Shallow plunging, surface feeding Brief < 1  

Greater Shearwater Fish, cephalopods, crustaceans, 
zooplankton, offal Shallow plunging, surface feeding Brief < 1  

Sooty Shearwater Fish, cephalopods, crustaceans, 
zooplankton, offal Shallow plunging, surface feeding Brief < 1  

Manx Shearwater Fish, cephalopods, crustaceans, 
zooplankton, offal Shallow plunging, surface feeding Brief < 1  

Hydrobatidae 
Wilson's Storm-Petrel Crustaceans, zooplankton Surface feeding Brief <0.5  
Leach's Storm-Petrel Crustaceans, zooplankton Surface feeding Brief <0.5  
Sulidae 
Northern Gannet Fish, cephalopods  Deep plunge diving Brief 10  
Phalaropodinae 
Red Phalarope Zooplankton, crustaceans Surface feeding Brief 0  
Red-necked Phalarope Zooplankton, crustaceans Surface feeding Brief 0  
Laridae 
Great Skua Fish, cephalopods, offal  Kleptoparasitism Brief < 0.5  
South Polar 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  
Herring Gull Fish, crustaceans, offal Surface feeding, shallow plunging Brief < 0.5  
Iceland Gull Fish, crustaceans, offal Surface feeding, shallow plunging Brief < 0.5  
Glaucous Gull Fish, crustaceans, offal Surface feeding, shallow plunging Brief < 0.5  
Great Black-backed Gull Fish, crustaceans, offal Surface feeding, shallow plunging Brief < 0.5  
Ivory Gull Fish, crustaceans, offal Surface feeding, shallow plunging 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  
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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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 
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 the entire body is rarely submerged.   
 
Ivory Gull often feed from the wing over water, dip feeding for small fish and invertebrates on the 
surface.  They occasionally plunge dive so that the entire body may be submerged momentarily.  They 
also swim and pick at the surface of the water and walk on ice to scavenge animal remains. 
 
Black-legged Kittiwakes feed on a variety of invertebrates and small fish.  Capelin is an important part 
of their diet when available.  They feed by locating prey from the wing then dropping to the water 
surface and plunge diving.  The body may be submerged very briefly.  They also swim and pick at small 
invertebrates near the surface. 
 
Arctic Tern feed on small fish and invertebrate that they catch from the wing with a shallow plunge 
dive.  The entire bird rarely goes beneath the surface.  They rarely rest on the water. 
 
4.6.2.6. 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.  They 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 20-60 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 is expected to be less (Gaston and Jones 1998).  Atlantic Puffin will 
dive to 60 m but 10-45 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. 
 
4.7. Marine Mammals and Sea Turtles 
  
4.7.1. Marine Mammals 
 
At least 22 species of marine mammal are known or expected to occur in and near the Study Area 
including 18 species of cetaceans (whales and dolphins) and three species of phocids (seals; Table 4.18).  
Additional marine mammal species may occur rarely.  Most marine mammals are seasonal inhabitants, 
the waters of the Grand Banks and surrounding areas being important feeding grounds for many of 
them. 
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Table 4.18. Marine mammals that may or likely occur in the Study Area and their COSEWIC and SARA 
status. 

  

Common Name Scientific Name COSEWIC Statusa (SARA listing/status) 
Baleen Whales Mysticetes  
Blue Whale Balaenoptera musculus Endangered (Schedule 1) 
Fin Whale  Balaenoptera physalus Special Concern (Schedule 1) 
Sei Whale Balaenoptera borealis Data Deficient (No status) 
Humpback Whale Megaptera novaeangliae Not At Risk (No status) 
Minke Whale  Balaenoptera acutorostrata Not At Risk (No status) 
North Atlantic Right Whale Eubalaena glacialis Endangered (Schedule 1) 
Toothed Whales Odontocetes  
Sperm Whale Physeter macrocephalus Not At Risk (No status) 

Northern Bottlenose Whale Hyperoodon ampullatus Endangered—Scotian Shelf Population (Schedule 1); Not 
At Risk—Davis Strait Population (No status) 

Sowerby’s Beaked Whale  Mesoplodon bidens Special Concern (Schedule 3) 
Bottlenose Dolphin Tursiops truncatus Not assessed (No status) 
Killer Whale Orcinus orca Data Deficient (No status) 
Long-finned Pilot Whale Globicephala melas Not assessed (No status) 
Short-beaked Common 
Dolphin Delphinus delphis Not assessed (No status) 

Atlantic White-sided Dolphin Lagenorhynchus acutus Not assessed (No status) 
White-beaked Dolphin Lagenorhynchus albirostris Not assessed (No status) 
Risso’s Dolphin Grampus griseus Not At Risk (No status) 
Striped Dolphin Stenella coeruleoalba Not assessed (No status) 

Harbour Porpoise Phocoena phocoena Special Concern (No schedule or status; referred back to 
COSEWIC) 

True Seals Phocids  
Grey Seal Halichoerus grypus Not assessed (No status) 
Harp Seal Phoca groenlandica Not assessed (No status) 
Hooded Seal Cystophora cristata Not assessed (No status) 
a Based on COSEWIC (2007).   
 
The marine mammal community within and near the Project Area was described in the Hibernia EIS in 
1985 (Mobil 1985), updated in 1995 for the Terra Nova EIS (Petro-Canada 1996a,b), and updated again 
in 2000 for the White Rose EIS (Husky 2000).  Most of the description on distribution in these reports 
was based on marine mammal surveys conducted for the Hibernia EIS (Parsons and Brownlie 1981).  
Although over 25 years have elapsed, the Parsons and Brownlie surveys remain the most comprehensive 
data available on the spatial and temporal occurrence of marine mammals in or near the Project Area.  
The information from these surveys and other biological information presented in the EISs are not 
repeated in this report.  Recent marine mammal monitoring programs from seismic vessels in the Jeanne 
d’Arc and Orphan basins provide new information for the area.  A marine mammal monitoring program 
was conducted from 3 October to 6 November 2005 during Husky’s seismic program in the Jeanne 
d’Arc Basin, just north of the Project Area but within the Study Area (see “Seismic Area” in Figure 1.1 
in  Lang et al. 2006).  In the Orphan Basin, marine mammal monitoring was conducted from seismic 
vessels during the summers of 2004 and 2005 on behalf of Chevron Canada Limited and co-venturers 
(Moulton et al. 2005, 2006b).  Results of these monitoring reports are summarized here. 
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Population estimates and feeding information of many of the marine mammal species that occur within 
the Project Area are indicated in Tables 4.19 and 4.20, respectively.  For most species of marine 
mammals there are no reliable population estimates for Atlantic Canada; most estimates provided in 
Table 4.19 are based on data collected in northeastern U.S. waters (Waring et al. 2006). 
 
4.7.1.1. DFO Cetacean Sighting Database 
 
The Department of Fisheries and Oceans in St. John’s (J. Lawson, DFO Marine Mammal Research 
Scientist, 2007, pers. comm.) is compiling a database of cetacean sightings in waters around 
Newfoundland and Labrador.  These data provide some indication of what species can be expected to 
occur in the area but they cannot, at this point in the development of the database, provide any fine-scale 
quantitative information as the database typically does not include observation effort.  Table 4.21 
contains the coarse summary data pertaining to sightings within the Study Area; caveats associated with 
the DFO data are also presented. 
 
Humpback whales accounted for most sightings followed by minke and fin whales.  Most sightings of 
humpbacks in the DFO database were recorded from oil development sites within the Study Area 
(Figure 4.39).  There are relatively few sightings of dolphins and harbour porpoise recorded in the Study 
Area.  One sperm whale was sighted in the Study Area in August 1980.   
 

 
 

Figure 4.39. Sightings of cetaceans from the DFO Cetacean Sighting Database (1945-2007). 
 



 

Petro-Canada’s 3-D Seismic Program LGL Limited 
Environmental Assessment Page 116 
 

 

4.7.1.2. Species Profiles 
 
Baleen Whales (Mysticetes).—The five species of baleen whales that may occur in the Project Area 
include the blue, fin, sei, humpback and minke whale (Table 4.18).  It is possible, but highly unlikely, 
that a North Atlantic right whale may occur in the Project Area.  Although nearly all of the baleen 
whales experienced depletion due to whaling, it is likely that many are experiencing some recovery 
(Best 1993).   
 
Blue Whale:  This species is considered endangered by COSEWIC and is listed as such on Schedule 1 of 
SARA.  More information is found in Section 4.8.3 of this report.   
 
Humpback Whale:  The humpback whale has a cosmopolitan distribution.  Its migrations between high-
latitude summering grounds and low-latitude wintering grounds are reasonably well known (Winn and 
Reichley 1985).  It is by far the most common baleen whale in Newfoundland waters.  About 900 hump-
backs are thought to use the Southeast Shoal of the Grand Banks as a summer feeding area, where their 
primary prey is capelin (Whitehead and Glass 1985).  Thirteen humpbacks were sighted offshore during 
the offshore supply vessel survey in 1999; most of these sightings were in September (Wiese and 
Montevecchi 1999). 
 
Recent research on humpbacks suggests genetic as well as spatial segregation between feeding areas 
within the North Atlantic (Valsecchi et al. 1997).  The entire North Atlantic population is estimated at 
approximately 11,570 individuals (Baird 2003), the northwest Atlantic population at 5,505 individuals 
(Katona and Beard 1990) and the Newfoundland/Labrador population at 1,700 to 3,200 (Whitehead 
1982). 
 
The western North Atlantic and North Pacific populations of humpback whale were singly designated by 
the Committee on Species of Endangered Wildlife in Canada (COSEWIC) as ‘threatened’ in April 1982.  
In April 1985, they were split into separate populations, at which time the western North Atlantic 
population was designated as ‘special concern’.  In May 2003, this population was re-examined and 
subsequently de-listed (i.e., considered ‘not at risk’; COSEWIC 2003a).  [COSEWIC designations are 
relevant because they are a potential precursor to designation under SARA.] 
 
Humpback whales occur relatively commonly within and near the Study Area (Table 4.21, Figure 4.39); 
especially during summer and early fall.  Humpback whales were the most commonly sighted whales 
during the 2005 Husky seismic monitoring program with 27 sightings accounting for 65.9% of all 
confirmed baleen whale sightings (Lang et al. 2006).  Two sightings (one and three individuals) of 
humpback whales were made in late May 2006, within 10 nautical miles of the Terra Nova FPSO (T. 
Lang, LGL Ltd, pers. comm.).  Humpback whales were also the most commonly sighted species in the 
Orphan Basin during seismic monitoring programs in 2004 and 2005 (Moulton et al. 2005, 2006b).  In 
terms of the number of sighting events recorded in the DFO database (DFO 2007), humpback whales 
ranked first in the Study Area, with 100 sightings recorded (Table 4.21).    
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Table 4.19. Population estimates of marine mammals that occur in the Study Area. 
 

Northwest Atlantic 
(NW) Population 

Size 
Population Occurring in the Study Area 

Species 

Estimated Number Stock Estimated 
Number Source of Updated Information

Baleen Whales 

Humpback Whale 
5,505 
(11,570 in North 
Atlantic; CV=0.068)

NF/Labrador 1,700-3,200 

Whitehead (1982); Katona and 
Beard (1990); Baird (2003); 
Stevick et al. 2003 
 

Blue Whale 308 a (600-1500 in 
North Atlantic) NW Atlantic Unknown Sears and Calambokidis (2002) 

Fin Whale 2,814 b (CV=0.21) Can. E. Coast Unknown Waring et al. (2006) 

Sei Whale Unknown Nova Scotia Unknown COSEWIC (2005); Waring et al. 
(2006) 

Minke Whale 3,618 c (CV=0.18) Can. E. Coast Unknown Waring et al. (2006) 
Toothed Whales 

Sperm Whale 4,804 d  (CV=0.38) North Atlantic Unknown Reeves and Whitehead (1997); 
Waring et al. (2006) 

Northern Bottlenose Whale Tens of thousands? North Atlantic Unknown Reeves et al. (1993); Waring et al. 
(2006) 

Sowerby’s Beaked Whale Unknown   Katona et al. (1993) 
Bottlenose Dolphin 
(offshore stock) 81,588 j (CV=0.17) NW Atlantic Unknown Waring et al. (2006) 

Risso’s Dolphin 20,479 f (CV=0.59) US East Coast Unknown Waring et al. (2006) 
Striped Dolphin 94,462 i (CV= 0.40) NW Atlantic Unknown Waring et al. (2006) 

Killer Whale Unavailable  Unknown Lien et al. (1988); Waring et al. 
(2006) 

Long-finned Pilot Whale 31,139 g (CV=0.27) NW Atlantic Abundant Nelson and Lien (1996); Waring et 
al. (2006) 

Short-beaked Common Dolphin 120,743 h (CV=0.23) NW Atlantic Unknown Katona et al. (1993); Waring et al. 
(2006) 

Atlantic White-sided Dolphin 51,640 e (CV=0.38) NW Atlantic Unknown Palka et al. (1997); Waring et al. 
(2006) 

White-beaked Dolphin Unknown NW Atlantic Unknown Waring et al. (2006) 

Harbour Porpoise Unknown Newfoundland Unknown Wang et al. (1996); COSEWIC 
(2005); Waring et al. (2006) 

True Seals 

Harp Seal 5.9 million 
(CV=0.13)  NW Atlantic Unknown ICES (2005) 

Hooded Seal 592,100 (±187,700) NW Atlantic Unknown ICES (2006) 
Grey Seal 154,000 E. Canada Unknown Mohn and Bowen (1996) 
a Based on surveys from the Gulf of St. Lawrence.  This estimate deemed unsuitable for abundance estimation. 
b Based on surveys from George’s Bank to the mouth of the Gulf of St. Lawrence. 
c Based on surveys from George’s Bank to the mouth of the Gulf of St. Lawrence plus a survey in the Gulf of St. Lawrence. 
d Based on surveys from Florida to the Gulf of St. Lawrence. 
e Gulf of Maine Stock. 
f, h, i Based on surveys from Florida to Bay of Fundy 
g Based on surveys from Gulf of St. Lawrence to Florida.  Considers both long- and short-finned pilot whales. 
j Based on surveys from Florida to Georges Bank.  Numbers in Atlantic Canada unknown. 
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Table 4.20. Prey of marine mammals that occur in the Study Area. 
 

Species Prey Source of Updated Information 
Baleen Whales 
Blue Whale Euphausiids  
Fin Whale Fish (predominantly capelin), euphausiids Piatt et al. (1989) 
Sei Whale Copepods, euphausiids, some fish  
Humpback Whale Fish (predominantly capelin), euphausiids Piatt et al. (1989) 
Minke Whale Fish (predominantly capelin), squid, euphausiids Piatt et al. (1989) 
Toothed Whales 
Sperm Whale Cephalopods, fish Reeves and Whitehead (1997) 
Northern Bottlenose Whale Primarily squid, also fish  
Sowerby’s Beaked Whale Squid, some fish Pitman (2002) 
Bottlenose Dolphin Squid, fish (mackerel, butterfish) Gaskin (1992a) 
Killer Whale Herring, squid, seals, dolphins, other whales Lien et al. (1988) 
Long-finned Pilot Whale Short-finned squid, northern cod, amphipods Nelson and Lien (1996) 
Short-beaked Dolphin Squid, fish Katona et al. (1993) 
Atlantic White-sided Dolphin Schooling fish (sand lance, herring), hake, squid Palka et al. (1997) 
White-beaked Dolphin Fish (cod, capelin, herring), squid Hai et al. (1996) 
Risso’s Dolphin Squid Reeves et al. (2002) 
Striped Dolphin Cephalopods, shoaling fish Reeves et al. (2002) 
Harbour Porpoise Schooling fish (capelin, cod, herring, mackerel)  
True Seals 

Harp Seal Fish (capelin, cod, halibut, sand lance), 
crustaceans 

Lawson and Stenson (1995); Lawson et 
al. (1998); Wallace and Lawson (1997); 
Hammill and Stenson (2000). 

Hooded Seal Fish (Greenland halibut, redfish, Arctic and 
Atlantic cod, herring), squid, shrimp, molluscs Ross (1993) 

Grey Seal Fish (herring, cod, hake, pollock), squid, shrimp Benoit and Bowen (1990); Hammill et 
al. (1995) 

Source:  Mobil (1985) with updates where indicated. 
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Table 4.21. Cetacean sightings (from the DFO database) within the Study Area, 1945-2007. 
 

Species No. of 
Sightings 

No. of 
Individuals Month(s) Sighted 

Fin whale 10 30 June, July, Sep, Oct 
Sei whale 6 12 Aug, Sep 
Humpback whale 100 309 March-Dec, mostly July to Oct 
Minke whale 12 17 May, July-Oct, Dec 
Sperm whale 1 1 Aug 
Killer whale 5 60 June, Aug, Oct 
Pilot whale 6 24 March, July, Sep 
Atl. white-sided dolphin 1 7 July 
Common dolphin 1 90 March 

Harbour porpoise 1 1 June 
Source: DFO (2007). 
 *Note the following caveats associated with the tabulated data: 
(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 areal abundance). 
(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 (e.g., since 1945) and seasons.  Hence, 

they may obscure temporal or areal patterns in distribution (e.g., the number of pilot whales sighted in nearshore Newfoundland 
appears to have declined since the 1980s but the total number sighted in the database included here suggest they are relatively 
common). 

 
Fin Whale:  This species is described in Section 4.8.3.     
 
Sei Whale:  The sei whale has a cosmopolitan distribution, and prefers temperate oceanic waters 
(Gambell 1985).  Sei whales are known for their high mobility and unpredictable appearances (Reeves et 
al. 1998).  Incursions into nearshore waters of the Gulf of Maine, associated with high copepod 
densities, are well documented (Payne et al. 1990; Schilling et al. 1992).   
 
No reliable population estimates are available for sei whales.  Available information suggests that sei 
whales are uncommon visitors to the Project Area compared to more commonly sighted cetacean 
species.  No sei whales were sighted during the 2005 Husky seismic monitoring program in the Jeanne 
d’Arc Basin (Lang et al. 2006).  Based on the DFO cetacean sightings database (DFO 2007), six sei 
whale sightings have been reported in the Study Area; all of these sightings were reported in August and 
September 2002 (Table 4.21).  The Atlantic population of the sei whale is considered by COSEWIC as 
‘data deficient’ (COSEWIC 2007). 
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Minke Whale: Another baleen whale commonly found on the Grand Banks in summer is the minke 
whale (Piatt et al. 1989).  Eight individuals were sighted along the near-shore half of an offshore supply 
vessel survey in August and September 1999 (Wiese and Montevecchi 1999).  Like the fin whale, the 
minke whale is associated with the presence of capelin, their predominant prey item in these waters 
(Piatt et al. 1989; Whitehead and Carscadden 1985).  The size of the northwest Atlantic population of 
minke whales is not well known, but the best available estimate is ~3,600 individuals (Waring et al. 
2006) which only includes a portion of the minke whale’s range in the northwest Atlantic.  Minke 
whales are considered ‘not at risk’ by COSEWIC (2007). 
 
Minke whales commonly occur within and near the Study Area (Figure 4.39).  Minke whales were 
sighted four times (9.8% of all confirmed baleen whale sightings) during the 2005 Husky seismic 
monitoring program (Lang et al. 2006).  Several minke whales were also sighted in the Orphan Basin in 
July of 2004 and 2005 (Moulton et al. 2005, 2006b).  Within the Study Area, minke whales were the 
second most commonly recorded mysticete in the DFO database (DFO 2007), with sightings 
predominantly occurring in summer. 
 
North Atlantic Right Whale:  The North Atlantic right whale is a slow-moving whale prone to collisions 
with ships.  It feeds on krill and other crustaceans.  The right whale is among the most endangered 
whales and today it is distributed only in the northwestern Atlantic and numbers about 300 individuals.  
Off Atlantic Canada, right whales typically concentrate in the Bay of Fundy and off southwestern Nova 
Scotia. However, some right whales are known to occur off Iceland and it is possible (although highly 
unlikely) that it may occur in the Project Area.  This species is designated endangered by COSEWIC 
and is listed with this designation on Schedule 1 of the SARA (COSEWIC 2003).  Right whales have not 
been recorded in the Study Area (DFO 2007). 
 
Toothed Whales (Odontocetes).—Twelve species of toothed whales may occur in the Study Area (see 
Table 4.18).  Most of these marine mammals occur seasonally in and near the Project Area and little is 
known regarding their distribution and population size in these waters.   
 
Sperm Whale:  Sperm whales have an extensive worldwide distribution (Rice 1989).  This species 
routinely dives to depths of hundreds of metres and may occasionally dive to more than 3,000 m.  They 
apparently are capable of remaining submerged for longer than two hours, but most dives probably last a 
half-hour or less (Rice 1989).  The diet of sperm whales is dominated by mesopelagic and benthic squids 
and fishes (Reeves and Whitehead 1997). 
 
Population numbers of sperm whales are not known for the northwest Atlantic.  Likewise, it is not 
known how commonly sperm whales might occur within the Study Area.  Reeves and Whitehead (1997) 
caution that previous population estimates for this species are suspect given their long-distance 
movements and lack of any clear stock structure.  There is evidence that stock delineation in this species 
may be dependent on the time scale of the measure used, further complicating reliable population 
estimation (Dufault et al. 1999).  Sperm whales are considered ‘not at risk’ by COSEWIC (2007). 
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Sperm whales have previously been reported to be associated with areas of high plankton productivity 
and upwelling, presumably because the squid upon which they feed are in turn feeding on the 
zooplankton (Cushing 1969 in Griffin 1999).  If sperm whale occur in or near the Project Area, it is 
likely that they would be males because females usually do not venture north of 40 degrees latitude 
(Griffin 1999; Whitehead 2003).  Another relevant point is that they may not be highly concentrated as 
males tend to be more dispersed than females (S. Dufault, LGL, pers. comm.) and it is likely they will 
occur in deeper waters near the Study Area.  On the East Coast to the south of Newfoundland, warm-
core rings and Gulf Stream fronts have been identified as areas of concentration for sperm whales 
(Griffin 1999). 
 
Sperm whales are known to feed in deep water and it is possible that they occur regularly beyond the 
continental shelf within the Slope waters near the Study Area.  Sperm whales were regularly sighted in 
deeper waters (Orphan Basin) north of Jeanne d’Arc Basin during the summers of 2004 and 2005 
(Moulton et al. 2005, 2006b).  No sperm whales were sighted during the 2005 Husky seismic monitoring 
program in the Jeanne d’Arc Basin (Lang et al. 2006).  There was one sighting of a sperm whale 
reported in the DFO cetacean sightings database (DFO 2007) that occurred in the Study Area. 
 
Northern Bottlenose Whale:  Northern bottlenose whales are found only in the North Atlantic, with a 
total population that may be in the tens of thousands (Reeves et al. 1993).  Only a few individuals have 
been sighted on the Grand Banks.  Like sperm whales, bottlenose whales can dive for periods well in 
excess of one hour, and their dives can reach depths of more than 1,000 m.  The Scotian Shelf 
population of northern bottlenose whales seem to prefer waters between 800-1,500 m deep (Wimmer 
and Whitehead 2004).  This species lives primarily in deep canyon and slope areas, where they prey on 
squid and deep-sea fishes. 
 
The Study Area is within the known range of the northern bottlenose whale but no sightings have been 
recorded there (DFO 2007).  This whale’s life history is poorly known and most records from 
Newfoundland are based on carcasses washed ashore.  There have been several sightings of this species 
in deep waters north and southeast of the Project Area (Wimmer and Whitehead 2004; Moulton et al. 
2005).  Since most of the Project Area has water depths <200 m, the possibility of northern bottlenose 
whale occurrence should be considered low.  None were sighted during the 2005 Husky seismic 
monitoring program (Lang et al. 2006). 
 
The northern bottlenose whale that inhabits the Scotian Shelf is considered ‘endangered’ whereas the 
Davis Strait population is considered ‘not at risk’ (COSEWIC 2007).  It is uncertain which population 
individuals sighted off eastern Newfoundland would belong, but available information suggests that it is 
unlikely that (potential) sightings of northern bottlenose whales in or near the Jeanne d’Arc Basin area 
would be from the Scotian Shelf population as these whales are known to spend most of their time in the 
Gully, Haldimand and Shortland canyons on the Scotian Slope and their home ranges are thought to be a 
few hundred kilometers or less (COSEWIC 2002; Wimmer and Whitehead 2004).  However, there has 
been recent debate about this topic (J. Lawson, DFO, pers. comm., March 2007). 
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Sowerby’s Beaked Whale:  This species is described in Section 4.8.3.  
 
Killer Whale:  The killer whale is a year-round resident that is thought to occur in relatively small 
numbers in the Project Area (Lien et al. 1988).  Three killer whales were sighted within 20 km of the 
White Rose area on 24 August 24, 1999 (Wiese and Montevecchi 1999).  A pod of eight killer whales 
was sighted south of the proposed study area on 26 May 2006 (T. Lang, LGL Ltd, pers. comm.).  In 
addition, several killer whale sightings in the Study Area have been recorded in the DFO database (DFO 
2007; Table 4.21).  On a global basis, killer whales are not endangered.  There are no population 
estimates for the northwest Atlantic.  This species is considered ‘data deficient’ by COSEWIC (2007). 
 
Long-finned Pilot Whale:  Probably the most common toothed whale in the Study Area and also one of 
the only year-round residents is the long-finned pilot whale.  This species is considered abundant in the 
Grand Banks area from July through December.  There was one sighting of 16 pilot whales southeast of 
the Project Area in June 2004 during the CCGS Hudson research expedition (Lang and Moulton 2004).  
However, none were sighted during a recent offshore supply vessel survey (Wiese and Montevecchi 
1999).  A population estimate for this species over its entire range in the northwest Atlantic is unknown; 
however, the northwest Atlantic population of Globicephalia sp. is estimated at ~31,000 individuals 
(Waring et al. 2006).  This species is considered ‘not at risk’ by COSEWIC (2007). 
 
It is a common belief that long-finned pilot whales in the northwest Atlantic prey mainly on short-finned 
squid in summer.  However, this statement is based largely on evidence from inshore waters of 
Newfoundland (Sergeant 1962), and other evidence suggests that they also prey on a variety of fish 
species, as well as additional species of cephalopods (especially long-finned squid, Loligo pealei) at 
other times and in other areas (Waring et al. 1990; Overholtz and Waring 1991; Desportes and 
Mouritsen 1993; Nelson and Lien 1996; Gannon et al. 1997). 
 
Long-finned pilot whales were regularly sighted in deeper waters (Orphan Basin) north of Jeanne d’Arc 
Basin during the summers of 2004 and 2005 (Moulton et al. 2005; Moulton et al. 2006b).  There were no 
confirmed sightings of long-finned pilot whales during the 2005 Husky seismic monitoring program, 
within the Seismic Analysis Area (Lang et al. 2006) and there have bee six sightings within the Study 
Area recorded in the DFO database (DFO 2007; Table 4.21).   
 
Common (Short-beaked) Dolphin:  The short-beaked dolphin’s western North Atlantic range extends 
from Venezuela and the Gulf of Mexico to Newfoundland.  These dolphins occur rather commonly 
offshore Newfoundland, usually in groups ranging from 50 to 200 individuals.  Most of the population 
in US waters is located south of Georges Bank in areas where water depth ranges between 100 and 
200 m although they do occur at the 2000 m isobath.  Short-beaked dolphins eat a variety of fishes and 
squids (Katona et al. 1993).  COSEWIC lists this species as ‘Not at Risk’ (COSEWIC 2007). 
 
Considering the water depth ranges in areas where this cetacean has been sighted in US waters, short-
beaked dolphins could potentially occur throughout most of the Study Area.  There was only one 
confirmed sighting of common dolphins in the Jeanne d’Arc Basin during the 2005 Husky seismic 
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monitoring program, with the Seismic Analysis Area (Lang et al. 2006).  Nine other sightings of this 
species were recorded in the Orphan Basin, north of the Project Area, during late summer 2005 
(Moulton et al. 2006b).  There is only one sighting of this species recorded in the Study Area in the DFO 
database (DFO 2007). 
 
Atlantic White-sided Dolphin:  There are three stocks of Atlantic white-sided dolphins in the northwest 
Atlantic; Gulf of Maine, Gulf of St. Lawrence and Labrador Sea.  The Gulf of Maine population is 
estimated at ~51,600 individuals (Waring et al. 2006).  The number of white-sided dolphins in the Study 
Area is unknown.  There were seven sightings of 250 individuals on the Grand Banks in August to 
September 1999, including several sightings within approximately 30 km of the White Rose site, during 
an offshore supply vessel surveys (Wiese and Montevecchi 1999).  There were two sightings of Atlantic 
white-sided dolphins during the 2005 Husky seismic monitoring program in the Jeanne d’Arc Basin 
Seismic Analysis Area (Lang et al. 2006).  This species was also sighted in and near Orphan Basin in 
2004 and 2005 (Moulton et al. 2005, 2006b).  Only one sighting of this dolphin within the Study Area is 
recorded in the DFO cetacean sightings database (DFO 2007). The most easterly recorded sighting for 
individuals from the northwest Atlantic population occurred on the Flemish Cap (Gaskin 1992c).  
COSEWIC lists this species as ‘Not at Risk’ (COSEWIC 2007). 
 
White-beaked Dolphin:  The white-beaked dolphin tends to be a coastal, cool-water species (Reeves et 
al. 1999).  This species seems to remain at relatively high latitudes throughout the fall and winter (Lien 
et al. 1997), but the nature of their seasonal movements is uncertain.  During the summer, approximately 
3,500 white-beaked dolphins have been estimated to occur off southern Labrador (Alling and Whitehead 
1987).  This species was regularly sighted during the 1980-81 Hibernia surveys, primarily during 
summer (Mobil 1985).  There is no reliable population estimate for the northwest Atlantic.  The total 
North Atlantic population may range from high tens of thousands to low hundreds of thousands (Reeves 
et al. 1999).  Ice entrapment is not uncommon in the bays of southern Newfoundland in years when pack 
ice is heavy (Hai et al. 1996).  COSEWIC lists this species as ‘Not at Risk’ (COSEWIC 2007). 
 
White-beaked dolphin occurrence in the Study Area is not well documented.  There was a single 
sighting of white-beaked dolphins during the 2005 Husky seismic monitoring program in the Jeanne 
d’Arc Basin Seismic Analysis Area (Lang et al. 2006).  White-beaked dolphins were also sighted north 
of the Jeanne d’Arc Basin, in the Orphan Basin, in 2005 and 2006 (Moulton et al. 2005, 2006b). 
 
Bottlenose Dolphin:  A north-south migration has been assumed to occur along the east coast of North 
America, with bottlenose dolphins moving into higher-latitude areas in summer and fall, then moving 
farther south (or possibly just offshore) for the winter (Selzer and Payne 1988; Gowans and Whitehead 
1995).  The northern limit of this species range in the summer is likely the Flemish Cap (Gaskin 1992a).  
It is considered ‘Not at Risk’ by COSEWIC (2007). 
 
Risso’s Dolphin:  Risso’s dolphin is widely distributed in tropical and warm temperate oceans (Reeves 
et al. 2002).  It is usually found over deep water (>300 m) where they feed almost exclusively on squid. 
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They are abundant worldwide but are probably rare in the Study Area (Reeves et al. 2002).  COSEWIC 
lists this species as ‘Not at Risk’ (COSEWIC 2007). 
 
Striped Dolphin:  This species’ preferred habitat seems to be deep water along the edge and seaward of 
the continental shelf, particularly in areas with warm currents (Baird et al. 1993). Offshore waters of 
Newfoundland are thought to be at the northern limit of its range.  Stock distinctions are unknown and 
the Northwest Atlantic population is estimated at 94,462 (Whitehead et al. 1998; Waring et al. 2006) 
over at least part of its range; COSEWIC does not consider the species to be at risk (COSEWIC 2007). 
 
There was only one sighting of this species in Orphan Basin during two summers of monitoring 
(Moulton et al. 2005, 2006b) and none were sighted in the Jeanne d’Arc Basin during the 2005 Husky 
seismic monitoring program (Lang et al. 2006). 
 
Harbour Porpoise:  The harbour porpoise is described in Section 4.8.3.  
 
True Seals (Phocids).—Five species of true seals are known to occur in the waters of the Project Area 
(see Table 4.18).    Because of their potential to interact with commercial fisheries, reasonable 
population estimates for the northwest Atlantic are now available for most seal species.  The main diet 
of seals consists of fish (including capelin, cod, halibut and sand lance) and invertebrates such as squid 
and shrimp (see Table 4.20), with considerable seasonal, geographic and interannual variation in diet 
(Hammill et al. 1995; Lawson and Stenson 1995; Wallace and Lawson 1997). 
 
Harp Seal:  Harp seals whelp in the spring in the Gulf of St. Lawrence and in an area known as the 
'Front' off southern Labrador and northeastern Newfoundland (Sergeant 1991; DFO 2000).  The main 
whelping patch for the northwest Atlantic breeding stock of harp seal is north of the Project Area.      
Individuals from these two areas spend the summer in the Arctic and then migrate south in the autumn.  
Surveys conducted during the early 1990s suggested that offshore waters on the northern edge of the 
Grand Banks in NAFO fishing area 3L were an important over-wintering area for these animals during 
those years (Stenson and Kavanagh 1994).  Similarly, data from satellite transmitters deployed on harp 
seals suggest that the Grand Banks is an important wintering area for some seals (Stenson and Sjare 
1997).  It is possible that more harp seals are occurring south of this area in recent years because there 
has been an apparent change in their distribution.  There has been a documented increase in the 
extralimital occurrences (south of normal range) of harp seals in the northern Gulf of Maine (McAlpine 
et al. 1999; Lacoste and Stenson 2000), which may also be occurring in the Grand Banks area.  This 
southward expansion may be related to the increase in the harp seal population or the recent changes in 
ocean ecology that may be affecting their foraging success (McAlpine et al. 1999).  The total population 
in 2004 was estimated at 5.9 million (ICES 2005). 
 
The diet of harp seals foraging off Newfoundland and Labrador appears to vary considerably with age, 
season, year and location.  On the Grand Banks and Labrador Shelf, capelin predominates, followed by 
sand lance, Greenland halibut and other pleuronectids (Wallace and Lawson 1997; Lawson et al. 1998).  
Recent “historical” data on the diet of harp seals greater than a year old from northeast Newfoundland, 
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indicates that there was a shift in prey from capelin in 1982 to Arctic cod in 1986 and beyond, while 
Atlantic cod remained relatively unimportant throughout this period.  Harp seals collected from 
nearshore waters forage intensively on a variety of fish and invertebrate species, although most of the 
biomass is derived from relatively few species, particularly Arctic cod, capelin, Atlantic cod, Atlantic 
herring and some decapod crustaceans.  Harp seals consume less Atlantic cod than once believed as 
seals apparently spend more time offshore than previously thought (Hammill and Stenson 2000). 
 
Hooded Seal:  Like the harp seal, the hooded seal is a North Atlantic endemic species that reproduces on 
the spring pack ice of the Gulf of St. Lawrence and along the Labrador coast, and then migrates 
northward to the sub-Arctic and Arctic to feed during the summer (Lydersen and Kovacs 1999).  Data 
collected from satellite transmitters deployed on hooded seals in the Gulf of St. Lawrence indicate that 
some females feed near the Flemish Cap after breeding while migrating to Greenland waters (G.B. 
Stenson, unpubl. data).  Tagged males migrating to Greenland in early summer were recorded along the 
Grand Banks shelf edge near the Flemish Pass.  It appears that males spend little time foraging in this 
area (G.B. Stenson, unpubl. data.).  Little is known regarding their winter distribution, although it is 
believed that the majority of seals remain offshore; they have been seen feeding off the Grand Banks in 
February.  Surveys in the early 1990s suggested that, as was the case for harp seals, the offshore waters 
on the northern edge of the Grand Banks also might be an important over-wintering area for hooded 
seals (Stenson and Kavanagh 1994).  The number of visitors to the Project Area is unknown.  However, 
these numbers may be increasing as hooded seals are apparently expanding their southern range of 
occurrence (McAlpine et al. 1999; Harris et al. 2001a; Mignucci-Giannoni and Odell 2001).   
 
The most recent population estimate of hooded seals in the northwest Atlantic is 592,100 based upon 
surveys of pups in 2005 (ICES 2006).   
 
Hooded seals consume a variety of prey.  In nearshore areas of Newfoundland, prey (in decreasing order 
of total wet weight) includes:  Greenland halibut, redfish, Arctic cod, Atlantic herring and capelin.  
Relatively small amounts of squid (Gonatus spp.) and Atlantic cod were also found (Ross 1993).  Data 
from offshore areas are limited, but suggest that similar prey species are consumed (J.W. Lawson and 
G.B. Stenson, unpubl. data). 
 
Grey Seal:  Grey seals in the Project Area are migrants from the Sable Island and Gulf of St. Lawrence 
breeding populations.  This species may occur in the Project Area year-round, but most commonly in 
July and August (Stenson 1994).  In the past, grey seals were regularly observed hauled out at Miquelon 
during the summer (Renouf et al. 1983).  At present, it is unknown how many grey seals use this site 
(J.W. Lawson, pers. comm.).  The Sable Island and Gulf of St. Lawrence breeding areas account for 
essentially all of the pup production in the northwest Atlantic, which increased exponentially between 
1977 and 1989 (Stobo and Zwanenburg 1990).  The eastern Canadian population of grey seals was 
estimated at 154,000 in 1994 (Mohn and Bowen 1996).  The number that migrates into the Project Area 
is unknown, but is believed to be low.   
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Grey seals are less tied to coastal and island rookeries than are harbour seals.  They travel long 
distances, one individual having been tracked over a distance of 2,100 km (McConnell et al. 1999).  The 
food of grey seals in the western North Atlantic includes at least 40 species, some of which are 
commercially important (for example, Atlantic cod, herring, and capelin) (Benoit and Bowen 1990; 
Hammill et al. 1995).   
 
4.7.2. Sea Turtles 
 
Sea turtles are probably not common in the Study Area but are important to consider because of their 
threatened or endangered status, both nationally and internationally. 
 
Three species of sea turtles may occur in the Study Area: (1) the leatherback, (2) the loggerhead, and (3) 
the Kemp’s ridley sea turtle (Ernst et al. 1994).  However, little can be said to qualify, much less 
quantify, the degrees of occurrence of these three sea turtle species within the Study Area due to lack of 
information. The leatherback turtle is listed as endangered by COSEWIC (2007) and by the United 
States National Marine Fisheries Service (NMFS) and Fish and Wildlife Service (FWS) (Plotkin 1995).  
The leatherback sea turtle is listed as endangered under Schedule 1 of SARA.  The Kemp’s ridley is also 
listed as endangered and the loggerhead turtle is listed as threatened by NMFS and FWS (Plotkin 1995). 
 
4.7.2.1. Leatherback 
 
This species is described in section 4.8.4. 
 
4.7.2.2. Loggerhead Turtle 
 
This species is the most abundant sea turtle in North American waters (Ernst et al. 1994; Plotkin 1995).  
The loggerhead turtle winters in the south, but some individuals migrate north into the Canadian Atlantic 
with the Gulf Stream in summer (Cook 1984).  An estimate of the population size in the Study Area is 
unavailable; however, loggerheads may occur in these waters during summer and fall.  Loggerheads 
found in Canadian waters are generally smaller than those found in coastal US waters, indicating that 
they are younger animals (Witzell 1999). 
 
Loggerhead turtles apparently dwell in both coastal and offshore waters but generally associate with 
convergence zones, drift lines and downwellings (Carr 1986).  Continental shelf waters are believed to 
be important because they contain known loggerhead prey like crabs, molluscs, sea pens and various 
gelatinous organisms (Payne et al. 1984).  Loggerheads also eat algae and vascular plants (Ernst et al. 
1994).  Data from the US pelagic longline fishery observer program have added to the knowledge of 
loggerhead distribution off Newfoundland (Witzell 1999).  Seventy percent of loggerheads (936 
captures) caught incidentally by this fishery between 1992 and 1995 from the Caribbean to Labrador 
were captured in waters on and east of the 200 m isobath off the Grand Banks.  Animals were caught in 
this region during all months from June to November, with a peak in captures during September.  Within 
these waters, loggerhead captures corresponded closely with fishing effort, both clustered near the 
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200 m isobath where oceanographic features concentrate prey species for both the turtles and the 
swordfish and tuna that are the targets of the longline fishers.  
 
The loggerhead turtle may achieve sexual maturity at an age of 30 to 50 years and one of the largest 
breeding aggregations is found on the central Atlantic coast of Florida (Magnuson et al. 1990).  In fact, 
90 percent of females nesting in the Atlantic do so in the southeastern US in what appear to be 
demographically independent groups (based on mitochondrial DNA haplotype distributions) (Encalada 
et al. 1998).  Most females nest from three to five times in a season and average clutch sizes are between 
95 to 150 eggs per nest (LeBuff 1990).  
 
4.7.2.3. Kemp’s Ridley Turtle 
 
Kemp’s ridleys are the smallest (40 to 50 kg) and rarest of all sea turtles within the Newfoundland area 
(Cook 1984).  These turtles apparently prefer shallow water and while adults rarely range beyond the 
Gulf of Mexico, juveniles have been sighted along the southeast coast of Newfoundland near St. Mary’s 
Bay and along southern Nova Scotia (Ernst et al. 1994). However, the number of Kemp’s ridley turtles 
that may visit the Project Area is unknown.  They apparently prefer shallow water and feed primarily on 
crabs, but occasionally they eat molluscs, fish, shrimp and vegetation (Shaver 1991).   
 
This species has a very restricted nesting range, with 95 percent of nests laid along a 60 km stretch of 
beach in Rancho Nuevo, Mexico.  The number of females nesting there declined from as many as 40,000 
over 50 years ago to approximately 700 in the late 1980s, but saw a steady increase in the 1990s as a result 
of conservation measures (Marquez et al. 1999).  It is unknown how long this species lives or at what age 
it reaches sexual maturity.  More than half of the adult females nest every year between April and 
August (NRC 1990).  They lay an average of 3.1 clutches per season, with an average of 103 eggs per 
clutch (Rostal 1991).  After a 48 to 65-day incubation period, eggs hatch and hatchlings head for the sea 
(Mager 1985).  Both eggs and hatchlings are very vulnerable to predators like ghost crabs, coyotes and 
hawks (Plotkin 1995).   
 
4.8. Species at Risk 
 
The following subsections provide an overview of species listed on SARA and/or considered at risk by 
COSEWIC.  Emphasis is given to those species listed as endangered, threatened or special concern on 
Schedule 1 of SARA.  Only species listed on Schedule I have special legal protection under SARA in 
terms of recovery strategies, penalties to be incurred for harming or killing individuals of the species, or 
destroying critical habitat. It is not Petro-Canada’s intention to contravene the prohibitions of SARA.  
The status of species that may occur in the Study Area is shown in Table 4.22.      
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Table 4.22. SARA and COSEWIC listed species potentially occurring in the Jeanne d’Arc Basin area 
(updated March 2007). 

 
Species SARA Status COSEWIC Status (date of most 

recent status report) Comments 

Atlantic Salmon (Salmo 
salar) (inner Bay of 
Fundy)  

Schedule 1: Endangered Endangered (April 2006) 
Some strays are possible. Mostly in NB, 
NS but also in broader area of Atlantic 
Ocean. 

Atlantic cod (Gadus 
morhua)  

Schedule 3: Special 
Concern / not added to 
legal list 

Endangered (May 2003) High likelihood of occurrence. 

Porbeagle shark (Lamna 
nasus) 

No status; under 
consideration for addition 
to Schedule 1;  

Endangered (May 2004) Moderate likelihood of occurrence. 

White shark 
(Carcharodon 
carcharias) 

Not on SARA website.  
Forwarded to Minister—
decision pending 

Endangered (April 2006) Low likelihood of occurrence. 

Northern wolffish 
(Anarhichas denticulatus) Schedule 1: Threatened Threatened (May 2001) Moderate likelihood of occurrence. 

Spotted wolffish 
(Anarhichas minor) Schedule 1: Threatened Threatened (May 2001) Moderate likelihood of occurrence. 

Shortfin Mako Shark 
(Isurus oxyrinchus) 

Not on SARA website. 
Forwarded to Minister—
decision pending 

Threatened (April 2006) Moderate likelihood of occurrence. 

Cusk (Brosme brosme) 
No schedule or status.  
Referred back to 
COSEWIC. 

Threatened (May 2003) Low likelihood of occurrence. 

Atlantic Wolffish 
(Anarhichas lupus) 

Schedule 1: Special 
Concern 

Special Concern (November 
2000) Moderate likelihood of occurrence. 

American eel (Anguilla 
rostrata) 

Forwarded to Minister—
decision pending Special Concern (April 2006) Low likelihood of occurrence. 

Blue shark (Prionace 
glauca) 

Forwarded to Minister—
decision pending Special Concern (April 2006) Moderate likelihood of occurrence. 

Ivory Gull (Pagophila 
eburnea) 

Schedule 1: 
Special Concern Endangered (April 2006) 

Extremely unlikely to occur in the Project 
Area during June to December as this 
species is associated with ice. 

Blue Whale 
(Balaenoptera musculus) Schedule 1: Endangered Endangered (May 2002) 

Very uncommon; more likely to be 
encountered in the Gulf of St. Lawrence 
and south coast of Newfoundland than the 
Jeanne d’Arc Basin. 

North Atlantic Right 
Whale (Eubalaena 
glacialis) 

Schedule 1: Endangered Endangered (May 2003) 
Extremely rare, highly unlikely to occur in 
Project Area.  Predominantly occur in and 
near Bay of Fundy in Canadian waters. 

Fin Whale (Balaenoptera 
physalus) 

Schedule 1:  
Special Concern Special Concern (May 2005) Likely abundant within the Project Area. 

Sowerby’s Beaked Whale 
(Mesoplodon bidens) 

Schedule 3:  
Special Concern 

Special Concern (November 
2006) Unlikely to occur in the Project Area. 

Harbour porpoise 
(Phocena phocena) 

No schedule or status; 
refered back to COSEWIC Special Concern (April 2006) Likely to occur within the Project Area. 

Leatherback Sea Turtle 
(Dermochelys coriacea) Schedule 1: Endangered Endangered (May 2001) Likely very uncommon. 

Based on COSEWIC (2007) and www.sararegistry.gc.ca. 
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Petro-Canada will apply adaptive management measures to deal with any changes to Schedule 1 of 
SARA.  Each year prior to commencement of any seismic program, Petro-Canada will consult with DFO 
and Environment Canada regarding any listing changes of Schedule 1 species, releases of Recovery 
Strategy Plans, and possible mitigation measures as they relate to Species at Risk. 
 
Species profiles for those species most likely to be encountered in the Study Area are provided below. 
 
4.8.1. Fish 
 
4.8.1.1. Wolffishes 
 
Two species, the northern wolffish and the spotted wolffish, are presently listed as ‘threatened’ on both 
Schedule 1 of the SARA, and by COSEWIC (Table 4.22). A third species, the Atlantic or striped 
wolffish, is listed as a species of ‘special concern’ on both Schedule 1 of the SARA and by COSEWIC 
(Table 4.22). 
 
The three wolffish species show highest density and widest distribution on the northeast Newfoundland 
and Labrador Shelf.  There they distribute over a wide range of depths, from 25 to 1,400 m.  The 
northern wolffish occupies the widest range while the Atlantic wolffish occupies the narrowest.  Kulka 
et al. (2004) demonstrated the importance of water temperature as a component of wolfish habitat.  All 
three species are associated with a narrow thermal range (1.5 to 4.5 °C) and absent where water 
temperatures are < 0 °C.  Kulka et al. (2004) also demonstrated the relationship between substrate type 
and the distributions of the three species.  Spotted wolfish and Atlantic wolfish appear to distribute over 
a wide variety of sediment types while northern wolffish appear to occupy areas with sand/shell hash, 
gravely sand and rock sediments most frequently. 
 
Of the three wolffish species, northern wolffish is the deepest residing species and Atlantic wolffish is 
the shallowest residing species.  Based on DFO trawl surveys in Newfoundland and Labrador waters 
between 1971 and 2003 (Kulka et al. 2004), northern wolffish were most concentrated during December 
to May in areas where depths ranged from 500 to 1,000 m, shifting to slightly shallower areas from June 
to November.  Spotted wolffish concentrations were highest in areas with water depths ranging from 200 
to 750 m at all times of the year, peaking in 300 m areas from June to November.  Atlantic wolffish 
were most concentrated in areas with depths approximating 250 m at all times of the year. 
 
While the decline in abundance and biomass estimates of all three species has occurred throughout 
Newfoundland waters, it appears that the decline has been greatest in the more northern areas (Divisions 
2J, 3K and northern 3L) than in the southern areas (southern 3L, 3N, 3O) (Simpson and Kulka 2002, 
2003).  Interestingly, the rate of decline at unfished locations was observed to be similar or higher than 
in the most intensely fished areas (Kulka et al. 2004).  Changes in ambient water temperature appear to 
have resulted in a greater proportion of wolffish being concentrated on the outer shelf where fishing 
intensity is higher, making them more vulnerable to capture. 
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A Recovery Strategy and Plan for northern and spotted wolfish is presently being prepared.  Scientists 
from Fisheries and Oceans Canada are part of a team from government, industry and academia involved 
in the preparation of the document.  The Plan focuses on research, on the life history of the species, 
distribution and habitat, identification of critical habitats, and population status and structure. The Plan 
also focuses on education and stewardship, in particular to engage the fishing industry in recovery 
efforts. The goals are to prevent declines, to maintain and increase populations, to quantify threats and 
formulate measures leading to recovery, and to implement management measures such as live release of 
captured wolfish (http://www.dfo-mpo.gc.ca/science/Story/nl/wolffish_e.htm). 
 
Northern Wolffish.—As indicated above, the northern wolfish is the deepest residing of the three 
wolfish species.  Tagging studies have suggested that northern wolffish do not migrate long distances 
nor do they form large schools.  It is a benthic/bathypelagic predator, preying upon jellyfish, comb 
jellies, crabs, brittle stars, seastars, and sea urchins.  Predators of the northern wolffish include redfish 
and Atlantic cod. 
 
It is not known with certainty if northern wolffish spawn in the Study Area, although it is probable given 
the limited migration of the species.  If spawning does occur in or near the Study Area, it would most 
likely take place along the slope.  During the late fall fertilized eggs are deposited on either a hard 
bottom or underwater ledge (Scott and Scott 1988), producing larvae which are large (2 cm long upon 
hatching) and semipelagic (DFO 2004a). 
 
The northern wolffish is not regarded as a commercial species in Newfoundland waters (Simpson and 
Kulka 2002, 2003).    
 
Spotted Wolffish.—Spotted wolffish typically occur at depths exceeding 475 m.  Tagging studies have 
suggested that spotted wolffish only migrate locally and do not form schools.  Spatial analysis of DFO 
research vessel catch data indicated that spotted wolffish abundance declined from the late 1980s to the 
mid-1990s, followed by an increase in abundance during both survey seasons since the mid-1990s 
(Kulka et al. 2003).  This analysis indicated that spotted wolffish are most abundant along the Study 
Area slope in the fall compared to the spring.  Its prey includes hard-shelled invertebrates such as 
crustaceans, molluscs, and echinoderms, and fish, primarily those discarded by trawlers.  The species 
has few predators, although remains have been found in the stomachs of Atlantic cod, pollock and 
Greenland sharks (Scott and Scott 1988). 
 
It is not known with certainty if spotted wolffish spawn in the Study Area, although it is probable given 
the limited migration of the species.  If spawning does occur in or near the Study Area, it would most 
likely take place along the slope.  During the late fall fertilized eggs are deposited on either a hard 
bottom or underwater ledge (Scott and Scott 1988), producing larvae which are large (2 cm long upon 
hatching) and semipelagic (DFO 2004a).  
 
The spotted wolffish is regarded as a commercial species in Newfoundland waters (Simpson and Kulka 
2002, 2003).    
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Atlantic (Striped) Wolffish.—Atlantic or striped wolfish are typically distributed farther south than both 
northern and spotted wolffish.  It is the shallowest residing species of the three wolfish species discussed 
here.  As with spotted wolffish, Atlantic wolffish are more abundant along the slope adjacent to the 
Study Area in the fall than in the spring (Kulka et al. 2003).  There is no evidence to suggest that 
Atlantic wolffish migrate long distances or form schools in Newfoundland waters (DFO 2004a).  In the 
Northwest Atlantic, Atlantic wolffish feed primarily on benthic invertebrates including echinoderms, 
molluscs and crustaceans, supplemented by a limited diet of fish.  Little is known about predators of 
adult Atlantic wolffish although juveniles have been found in the stomachs of Atlantic cod (Scott and 
Scott 1988). 
 
It is not known with certainty if Atlantic wolffish spawn in the Study Area, although it is probable given 
the limited migration of the species.  If spawning does occur in or near the Study Area, it would most 
likely take place along the slope.  During the late fall fertilized eggs are deposited on either a hard 
bottom or underwater ledge (Scott and Scott 1988), producing larvae which are large (2 cm long upon 
hatching) and semipelagic (DFO 2004a).   
 
Distributions of young-of-the-year Atlantic wolffish based on sampling with IYGPT trawl gear in 
August and September, 1996-1999, were most concentrated in Division 3K compared to Divisions 2J 
and northern 3L (Simpson and Kulka 2002, 2003).  The Atlantic wolffish is regarded as a commercial 
species in Newfoundland waters (Simpson and Kulka 2002, 2003). 
 
4.8.1.2. Atlantic Cod 
 
The Newfoundland and Labrador population of Atlantic cod is currently listed on Schedule 3 of the 
SARA as a species of ‘special concern’ and as ‘endangered’ by COSEWIC (Table 4.22). 
 
Atlantic cod has historically been distributed throughout Newfoundland and Labrador waters.  The cod 
spawns both inshore and offshore in the Newfoundland-Labrador region and its eggs and larvae are both 
planktonic.  Atlantic cod fertilized eggs, larvae and early juvenile stages remain in the plankton for 10 to 
12 weeks.  Juvenile Atlantic cod gradually shift from a pelagic to a benthic diet over a standard length 
range of about 4 to 10 cm, seemingly related to change in fish gape size (Lomond et al. 1998).  Cod 
larvae and pelagic juveniles are primarily zooplankton feeders but once the switch is made to the 
demersal lifestyle, benthic and epibenthic invertebrates become the main diet.  As the fish grow, the 
diversity of prey also increases.  Prey often includes various crustaceans (crab, shrimp, euphausiids) and 
fish (capelin, sand lance, redfish, other cod, herring).  Adult cod are commonly prey for seals and 
toothed whales, while juvenile cod are commonly preyed upon by squid, Pollock and adult cod (Scott 
and Scott 1988). 
 
The stock of Atlantic cod that occurs off northeast Newfoundland and Labrador is known as the 
‘northern’ cod.  The northern cod ecosystem historically encompassed a vast area from the northern 
Labrador Shelf to the Grand Bank.  Declines in this stock occurred first in the northern part of its 
distributional area (NAFO Divisions 2GH) in the late 1950s, 1960s and 1970s, and then southward 
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(NAFO Division 2J) in the late 1980s and early 1990s.  By the mid-1990s, most of the remaining 
biomass was located in the southern part of the historical distributional area of this cod stock (NAFO 
Divisions 3KL) (Rose et al. 2000).  There is one belief that adult cod shifted their distribution southward 
in the late 1980s and early 1990s (deYoung and Rose 1993) while others claim that this apparent 
distributional shift was due to local overfishing, first in the north and then proceeding southward 
(Hutchings and Myers 1994; Hutchings 1996). 
 
Historically, many of the northern cod migrated between overwintering areas in deep water near the 
shelf break and feeding areas in the shallower waters, both on the plateau of Grand Bank and along the 
coasts of Labrador and eastern Newfoundland.  Some cod remained in the inshore deep water during the 
winter.  The deep waters, both inshore and offshore, remained refugia for cod until the 1950s when 
longliners and bottom trawlers joined the fishery.  European bottom trawlers initially exploited the 
outerbanks cod in summer and autumn but eventually extended the fishing to winter and early spring 
when the cod were highly aggregated.  At the same time as offshore cod landings increased 
dramatically, the longliners fishing deep inshore waters introduced synthetic gillnets to the fishery. 
 
The number and individual size of the fish declined through the 1960s and 1970s.  The total allowable 
catch doubled between 1978 and 1984 due to an overestimation of stock size during this period.  The 
stock was finally closed to Canadian fishing in July 1992 due to its decline (Lilly et al. 2005). 
 
Historically, Atlantic cod spawned on the northeast Newfoundland shelf in late winter and spring, and 
then migrated shoreward across the shelf to the inshore feeding grounds, annually traversing distances of 
500 km and more.  Cross-shelf migration routes in spring followed thermal highways along deeper 
basins and trenches wherein warmer, deeper northwest Atlantic waters undercut the colder surface 
waters of the Labrador Current (e.g., an area on the northeast shelf known as the ‘Bonavista Corridor’) 
(Rose 1993).  Ollerhead et al. (2004) indicated that between 1998 and 2002, the largest number of 
spawning cod along the northeast shelf edge of the Grand Banks occurred in June.  Data from 1972 to 
1997 indicated the highest number of spawning fish on the northeast shelf edge in April to June, peaking 
in May (Ollerhead et al. 2004). 
 
After spawning, cod on the northeast Newfoundland shelf initially move southward with the dominant 
currents.  Once they turn shoreward, as they do within the Bonavista Corridor, the dominant currents 
may flow offshore, against and across the direction of migration.  However, flows in the deeper, warmer 
waters of the Bonavista Corridor do at times reverse and flow shoreward. 
 
The offshore biomass index values from the fall research bottom trawl surveys in 2J3KL have been very 
low in recent years.  The average biomass index from fall surveys in 2003 to 2005 is approximately 
20,000 mt, less than 2% of the average in the 1980s (DFO 2006b).   
 
The last substantial offshore concentrations of cod were observed at approximately 49-50ºN on the outer 
shelf and upper slope as the stock collapsed.  This is also one of few offshore areas where a very modest 
increase in cod density has been seen in recent years.  In addition, a substantial portion of the cod stock 
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used to overwinter on the northeastern slope of Grand Bank and the Nose of the Bank prior to the 
collapse of the stock.  There have not been any recent winter surveys in these areas so recent cod 
concentrations are unknown.  Nonetheless, these could be critical areas in the recovery of the offshore 
northern cod.  Kulka et al. (2003) mapped the distributions of Atlantic cod on the Grand Banks based on 
spring and fall DFO research survey data collected between 1972 and 2002. 
 
In March 2003, the FRCC released some recommendations for the Northern Cod.  For the bank sub-
stocks, the Council recommended a higher level of protection than has been in place since 
commencement of the moratorium.  In order to reduce by-catch mortality and disturbance to spawning 
and juvenile cod, the FRCC recommended the establishment of experimental ‘cod boxes’ in both the 
Hawke Channel and the Bonavista Corridor.  The FRCC recommended that these areas be protected 
from all forms of commercial fishery (except snow crab trapping) and other activity such as seismic 
exploration (www.frcc-ccrh.ca). 
 
According to DFO’s 2006 assessment of 2J3KL northern cod, mortality of cod in the offshore is 
exceedingly high.  Spring and fall research bottom-trawl surveys in 2005 indicated that biomass of cod 
remains low.  The average biomass index from fall surveys between 2003 and 2005 was approximately 
2% of the average during the 1980s.  Fall survey data indicate that recruitment in the offshore is low and 
that total mortality has been extremely high since at least the mid-1990s (DFO 2006b). 
 
In March 2003, the Fisheries Resources Conservation Council (FRCC) released some recommendations 
for the Northern Cod.  For the bank sub-stocks, the Council recommended a higher level of protection 
than has been in place since commencement of the moratorium.  In order to reduce by-catch mortality 
and disturbance to spawning and juvenile cod, the FRCC recommended the establishment of 
experimental ‘cod boxes’ in both the Hawke Channel and the Bonavista Corridor.  The FRCC 
recommended that these areas be protected from all forms of commercial fishery (except snow crab 
trapping) and other activity such as seismic exploration (www.frcc-ccrh.ca).  Rose and Kulka (1999) 
also identified an area northwest of the Project Study Area where cod hyper-aggregated prior to the 
moratorium when it is assumed stock were at a low level.  In light of the aggregation observed in this 
area, it may be an important area used by Atlantic cod. 
 
4.8.1.3. Porbeagle Shark 
 
Although not an official species at risk under SARA, the porbeagle shark is currently designated as 
‘endangered’ by COSEWIC (Table 4.22).  It is now under consideration for addition to Schedule 1 of 
SARA. 
 
Porbeagle sharks are predators of various fish species and cephalopods (Campana et al. 2003).  Pelagic 
species are the primary prey of this shark during the spring and summer, followed by a shift to 
groundfish species in the winter.  This prey shift reflects the seasonal change of distribution of porbeagle 
(i.e., migration to deeper areas in fall and winter) (Campana et al. 2003). 
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Porbeagle sharks are migratory, pelagic fish that are known to occur at surface to as deep as 715 m.  The 
porbeagle tends to be most abundant on continental offshore fishing banks but is also found far from 
land in ocean basins and occasionally inshore (Scott and Scott 1988; DFO 2005a; SAUP 2007). 
 
Between March and July 2005, three DFO RAP meetings were held to assess the recovery potential of 
NAFO Subarea 3-6 porbeagle shark (DFO 2005b).  DFO (2005c) indicates that the porbeagle in the 
Northwest Atlantic can recover if human-induced mortality is sufficiently low.  The only sources of 
human-induced mortality identified in DFO (2005c) for incidental harm permitting are fisheries that 
capture this shark as bycatch. 
 
4.8.1.4. White Shark 
 
Although not an official species at risk under SARA, the great white shark is designated as ‘endangered’ 
by COSEWIC (Table 4.22). 
 
The great white shark is a highly migratory fish whose occurrence has been recorded over a broad depth 
range of surface to 1,280 m.  This shark is primarily a coastal and offshore inhabitant of continental and 
insular shelves but it also occurs off oceanic islands far from any mainland.  Although considered rare in 
Canadian waters, great white sharks occur primarily between April and November, mostly during 
August (Scott and Scott 1988; SAUP 2007).  They are extremely rare as far north as the Study Area. 
 
4.8.1.5. Shortfin Mako Shark 
 
Although not an official species at risk under SARA, the shortfin mako shark is designated as 
‘threatened’ by COSEWIC (Table 4.22). 
 
Available information suggests that there is a single population of shortfin makos in the North Atlantic 
(Campana et al. 2004).  The known depth range of this highly migratory shark is 0 to 740 m., although it 
is usually found in a depth range of surface to about 150 m (Scott and Scott 1988; SAUP 2007).  While 
typically oceanic, the shortfin mako is sometimes found close inshore.  Shortfin mako sharks are 
commonly observed on the Grand Banks and in bays around Newfoundland.  Shortfin makos in Atlantic 
Canadian waters represent the margins of the distribution of the population (Campana et al. 2004). 
 
The shortfin mako shark feeds mainly on squid and bony fishes including mackerels, tunas, bonitos and 
swordfish.  Larger ones may also eat sharks, porpoises, other marine mammals and sea turtles (Campana 
et al. 2004). 
 
The status of the mako shark population has never been assessed in Canadian waters (Campana et al. 
2004).  This shark is fished most heavily outside the Canadian EEZ.  Given the bycatch nature of the 
fishery in Canada, it appears unlikely that current exploitation rates in Canada are having an appreciable 
impact on the shortfin mako population.  However, there are some signs that the population is declining 
in abundance. 
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4.8.1.6. Blue Shark 
 
Although not an official species at risk under SARA, the blue shark is designated as a species of ‘special 
concern’ by COSEWIC (Table 4.22). 
 
The highly migratory blue shark is pelagic and has a known vertical distribution ranging from surface to 
350 m.  While primarily oceanic, this shark may be found close to shore where there is a narrowing of 
the continental shelf (Scott and Scott 1988; SAUP 2007).  Blue sharks are commonly observed on the 
Grand Banks and in bays around Newfoundland. 
 
Tagging results have suggested that there is a single well-mixed population of blue shark in the North 
Atlantic (Casey and Kohler 1991 in Campana et al. 2002).   
 
4.8.1.7. Cusk 
 
In May 2003, cusk were designated a threatened species by COSEWIC (Table 4.22 but this species is 
not on the official SARA list (Schedule I) of wildlife at risk.  An allowable harm assessment for cusk in 
Atlantic Canada was recently prepared by DFO (DFO 2004b,c).  Cusk are solitary, slow-swimming 
groundfish that occur on both sides of the North 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).  Although most common within a depth range of 128 to 144 m, some have been caught as deep as 
600 m.  Spawning occurs from May to August, peaking in June.  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).  Cusk are at the extreme northern 
fringe of their range on the southern Grand Bank and would only occasionally occur in the Study Area. 
 
4.8.2. Seabirds 
 
4.8.2.1. Ivory Gull 
 
COSEWIC first designated the Ivory Gull as a species of ‘Special Concern’ in April 1979. This status 
was re-examined and confirmed in April 1996 and in November 2001.  In April 2006, the status was 
again re-examined and upgraded to ‘Endangered’.  It is presently under consideration for addition to 
Schedule 1 of SARA.  Surveys of breeding sites known from the 1980s were conducted in 2002 and 2003 
(Gilchrist and Mallory 2005).  An 80% decline of breeding pairs at these sites triggered worldwide 
concern over the global population of Ivory Gull.  The global population of Ivory Gull is thought to be 
<12,800 pairs but population estimates from Russia may be overestimated (Stenhouse 2004). 
 
The Ivory Gull inhabits the Arctic Ocean and is usually associated with pack ice.  The breeding range is 
high Canadian Arctic, northern Greenland, Spitsbergen to Novaya Zemlya (Godfrey 1986; Thomas and 
MacDonald 1987).  The diet of Ivory Gull is various small fish including lanternfish and Arctic cod, 
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crustaceans and carrion (Haney and MacDonald 1995).  Ivory Gulls winter among pack ice and drift ice 
in the Arctic and sub-Arctic regions, avoiding ice-free waters and showing a marked preference for ice 
edges and open leads (Cramp and Simmons 1983; Haney and MacDonald 1995). Ivory Gulls 
traditionally winter as far south as the pack ice off northeast Newfoundland (Godfrey 1986; Brown 
1986; McLaren et al. 1983).  Recent warm winters have lead to a reduction in the overall area of pack 
ice off Newfoundland and a corresponding reduction of Ivory Gull sightings.  In 1981, an aerial seabird 
survey route centered around Funk Island (N49° 45’ W53°11’) resulted in several Ivory Gull sightings 
(McLaren et al. 1983).  There were four sightings ranging from 1-5 individuals during the February 
survey and four sightings ranging from 1-5 individuals during the March survey. These observations of 
Ivory Gull are 400 km northwest of the Project Area. On the northeast Avalon Peninsula Ivory Gull is 
observed occasionally, approximately every three to four years, sometimes in multiple numbers, in 
winter (B. Mactavish, pers. obs.).  A total of 21 Ivory Gulls reported from drill platforms on the 
northeast Grand Banks 1999-2002 (Baillie et al. 2005). The number seems high and remains 
unsubstantiated.   
 
Ivory Gull could occur in the Study Area.  It is likely less than annual and is probably more likely to 
occur during years when the sea ice reaches the Study Area.  However, most of the Ivory Gull 
observations from the northeast Avalon Peninsula in the last twenty years occurred without pack ice in 
the area (B. Mactavish, pers. obs.). 
 
4.8.3. Marine Mammals  
 
4.8.3.1. Blue Whale 
 
The blue whale is a cosmopolitan species with separate populations (and subspecies) in the North 
Atlantic (B.m. musculus), North Pacific (B.m. brevicauda), and Southern Hemisphere (B.m. intermedia).  
The global population is thought to range from 5000-12,000 individuals but a recent and reliable 
estimate is not available.  Blue whale abundance in the North Atlantic is currently thought to range from 
600 to 1500 individuals, although more reliable and wide-ranging surveys are required for better 
estimates (Sears and Calambokis 2002). Blue whales concentrate in areas with large seasonal 
concentrations of euphausiids, its main prey (Yochem and Leatherwood 1985).  Little is known about 
the distribution and abundance of blue whales in the northwest Atlantic—especially the waters off 
eastern Newfoundland. One area of blue whale concentration is the Gulf of St. Lawrence where 350 
individuals have been catalogued photographically (Sears 2002).   
 
There is insufficient data to determine population trends of the blue whale in the northwest Atlantic.  
The blue whale is considered endangered by COSEWIC (COSEWIC 2002) and is listed as such on 
Schedule 1 of the SARA.  Accordingly, a Recovery Strategy is being developed under SARA and is likely 
due for release in the near future (J. Lawson, DFO, pers. comm.)  On a global level, the IUCN—World 
Conservation Union, also considers the blue whale endangered (www.redlist.org).  The original 
population was reduced due to whaling and now their biggest threats are thought to be from ship strikes, 
disturbance from increasing whale watching tours, entanglement in fishing gear, and pollution (Sears 
and Calambokidis 2002). 
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Blue whales have a coastal and pelagic distribution and they are known to frequent areas of the Gulf of 
St. Lawrence, the lower Estuary part of the St. Lawrence, and to a lesser extent the west and southwest 
coasts of Newfoundland.  Most sighting effort and sightings of blue whales have been made along the 
Quebec North Shore from the Mingan and Anticosti islands region, off the Gaspé Peninsula, and west 
into the St. Lawrence Estuary to the Saguenay River (Sears and Calambokidis 2002).  Little survey 
effort has been expended in other regions of the Gulf or elsewhere in the northwest Atlantic, especially 
outside of the summer period.  Information on the distribution of blue whales in winter is lacking.  Some 
blue whales become entrapped by ice (during heavy ice years) near the southwest coast of 
Newfoundland (Stenson et al. 2003).  Records of entrapped blue whales date back to 1868 and 41 
individual blue whales (23 entrapment events) have been recorded since then.  All entrapments with 
available date information occurred during March and April and based on morphometric analyses most 
whales were adults and one whale was a pregnant female (Stenson et al. 2003).  There have been no 
confirmed sightings of blue whales in or near the Petro-Canada Study Area (see Figure 4.40) based upon 
available data provided by DFO.  The closest sighting was made in June 1993, approximately 250 km 
south of the Project Area.  Based upon the DFO sighting database, most sightings of blue whales in 
Newfoundland have occurred near the coast, which may, in part, be related to the lack of dedicated 
marine mammal surveys in offshore waters.  Blue whales were regularly sighted in offshore waters 
(~100-3000 m deep) of the Laurentian sub-basin area (Figure 4.40) during a seismic monitoring 
program in June to September 2005.  In fact, blue whales were the most frequently sighted baleen whale 
species.  Sighting rate of blue whales was highest in water depths ranging from 2000-2500 m (Moulton 
et al. 2006a).  However, no blue whales were sighted in the deep waters of the Orphan Basin during 
seismic monitoring programs conducted during the summers of 2004 (Moulton et al. 2005) and 2005 
(Moulton et al. 2006b).  No blue whales were sighted during a seismic monitoring program in the Jeanne 
d’Arc Basin in October and November 2005 (Lang et al. 2006); baleen whales are typically less 
abundant on the Grand Banks in late fall vs. summer.  It is possible that blue whales may occur in the 
Jeanne d’Arc Basin but numbers are expected to be low. 
 
In the Northern Hemisphere, blue whales mate and calve from late fall to mid-winter and become 
sexually mature at the ages of 5-15 (Yochem and Leatherwood 1985). Blue whales are thought to live 
for 70-80 years and potentially longer (Yochem and Leatherwood 1985). 
 
Blue whales feed almost exclusively on euphausiids (krill) such as Thysanoessa raschii and 
Meganyctiphanes norvegica (Yochem and Leatherwood 1985).    Blue whales also feed on copepods 
(e.g., Temora longicornis) and some fish species (Kawamura 1980; Reeves et al. 1998).  Areas where 
blue whales are known to occur correspond to areas where their prey aggregate in great abundance 
(Simard and Lavoie 1999). 
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Figure 4.40. Sightings of blue whales reported in the DFO cetacean database and during 

ConocoPhillips 2005 seismic monitoring program in the Laurentian Sub-basin (Moulton et 
al. 2006a). 

 
 
4.8.3.2. Fin Whale 
 
The Atlantic population of fin whale was recently reassessed as special concern by COSEWIC 
(COSEWIC 2005) and is listed as such on Schedule 1 of SARA.  On a global level, the IUCN—World 
Conservation Union, considers the fin whale endangered (www.redlist.org).  The original population 
was greatly reduced due to whaling and now one of their biggest threats is from ship strikes (Laist et al. 
2001).  
 
The fin whale is a cosmopolitan baleen cetacean with separate populations (and subspecies) in the 
Northern Hemisphere (B. physalus physalus) and Southern Hemisphere (B. physalus quoyi) (Aguilar 
2002).  Fin whales in the North Atlantic are thought to be divided into several subpopulations (Bérubé et 
al. 1998). Genetic studies indicate that fin whale populations that summer in Nova Scotia, 
Newfoundland and Labrador, and Iceland may be genetically distinct from each other (Arnason 1995).  
Fin whale abundance in the western North Atlantic is currently thought to be 2,814 individuals (CV = 
0.21).  Surveys used to derive this estimate are based on areas between Georges Bank and the mouth of 
the Gulf of St. Lawrence and it is acknowledged that more reliable and wide ranging surveys are 
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required for better estimates (Waring et al. 2006).  There are no reliable estimates for the number of fin 
whales in the NL stock.  There is insufficient data to determine population trends of the fin whale in the 
northwest Atlantic, including the NL stock.   
 
Fin whale migration is assumed to occur between foraging grounds in high latitudes and 
calving/breeding grounds in lower latitudes but little is known about their wintering and 
calving/breeding grounds (Reeves et al. 2002).  Like the blue whale, little is known about fin whale 
distribution in the offshore waters of northwest Atlantic, including the Study Area. On the Grand Banks, 
the fin whale is associated with the presence of capelin, their predominant prey item in these waters 
(Piatt et al. 1989; Whitehead and Carscadden 1985).  Ten fin whale sightings have been recorded within 
the Study Area based upon the DFO sighting database (DFO 2007).  In 2004 and 2005, fin whales were 
commonly sighted in the deep waters (typically >2,000 m) of Orphan Basin, north of the Study Area 
during summer months, most commonly in July and August (Moulton et al. 2005, 2006b).  Fin whales 
were commonly sighted in the Study Area during a monitoring program in October and November 2005.  
They were sighted in water depths ranging from 73-140 m and were the second most abundant mysticete 
(humpback whales were most common) observed.  It is likely that fin whales commonly occur in the 
Study Area at least during late spring to fall.  Little is known about their winter distribution although fin 
whales were observed incidentally during aerial surveys for seabirds during December and January on 
the Grand Banks (Brownlie and Parsons 1981). 
 
Fin whales become sexually mature at 5-15 years old and physically mature at about 25 years old.  
Conception and calving are thought to occur in the winter at low latitudes.  The gestation period is 11-12 
months and calves are weaned after about six months (COSEWIC 2005). 
 
Fin whales have a varied diet and are known to feed on euphausiids and schooling fish such as capelin, 
herring, and sand lance (Edds and Macfarlane 1987; Borobia et al. 1995; COSEWIC 2005). 
 
4.8.3.3. Sowerby’s Beaked Whale 
 
Sowerby’s beaked whales are considered of ‘special concern’ by COSEWIC and are listed as such on 
Schedule 3 of SARA.  The COSEWIC status report published in 1989 is under review and a new report 
was issued in November 2006 but is not yet available on the SARA website.   
 
Sowerby’s beaked whale is also known as the North Sea beaked whale because its distribution appears 
to be centered there, based on numbers of strandings.  In the 1980s, two mass strandings were recorded 
on the northeast coast of Newfoundland.  One involved three animals and the other involved six (Katona 
et al. 1993).  The Study Area lies within the known range of the Sowerby’s beaked whale but the 
likelihood of its occurrence there (i.e., in waters <200 m) is low given that this beaked whale is a deep-
sea diver that occurs mainly in areas where water depth is 1000 m or more. The life history of the 
Sowerby’s beaked whale is not well understood and most Newfoundland records of it involve carcasses 
washed ashore.   Mesoplodont whales, like the Sowerby’s beaked whale, are thought to only rarely stray 
over the continental shelf (Pitman 2002).  Based on stomach contents of stranded mesoplodont whales, it 
is thought that they feed primarily on mesopelagic squid (e.g., Gonatus spp.; Pitman 2002). 
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No Sowerby’s beaked whales were observed during the 2004 monitoring program in Orphan Basin 
(Moulton et al. 2005) or during the Hudson cruise in and near the Study Area (Lang and Moulton 2004).  
Sowerby’s beaked whales were also not identified during the fall 2005 seismic monitoring program in 
Jeanne d’Arc Basin (Lang et al. 2006).  During the 2005 seismic monitoring program in Orphan Basin, 
overall (2,656 h of observations), there was one sighting of four Sowerby’s beaked whale in September. 
It occurred in 2500 m of water. 
 
4.8.3.4. Harbour Porpoise 
 
The northwest Atlantic population of harbour porpoise was designated by COSEWIC as ‘threatened’ in 
April 1990 and in May 2003 and April 2006, it was downlisted to ‘special concern’ (COSEWIC 2003, 
2006).  The harbour porpoise is widely distributed throughout temperate waters of the Northern 
Hemisphere, but its population size in Newfoundland waters is unknown (Gaskin 1992b).  Harbour 
porpoises that occur in Newfoundland waters are believed to belong to a separate stock from those in the 
Gulf of St. Lawrence and Bay of Fundy/Gulf of Maine regions.  This is supported by differences in 
organochlorine contaminant levels, which are lower in Newfoundland animals (Westgate and Tolley 
1999), and by differences in mitochondrial DNA haplotype frequencies (Wang et al. 1996).  There are 
estimates of harbour porpoise population size that encompasses their complete range in eastern Canada 
and there no abundance estimates for NL (DFO 2001). 
 
Harbour porpoises are known to occur in the Study Area (e.g., Lang et al. 2006; DFO 2007) but overall, 
distributional data for harbour porpoises in NL is limited (COSEWIC 2006).  During the seismic 
monitoring program for Husky in fall 2005, there was one sighting of harbour porpoise (two individuals) 
in Jeanne d’Arc Basin in a water depth of 165 m.  Harbour porpoise have also been sighted in deep 
waters of Orphan Basin, north of the Study Area.  During the 2005 monitoring program in Orphan 
Basin, overall (2,656 h of observations), they were nine sightings consisting of 24 individuals in water 
depth ranging from 787 to 2,633 m.  Seven out nine of sightings occurred in July.   
 
Harbour porpoise become sexually mature at around three years old.  Conception and calving occur in 
late spring or early summer.  The gestation period is 10-11 months and calves are weaned after about 
eight months (COSEWIC 2006). 
 
The diet of harbour porpoises in Newfoundland (determined from by-caught porpoises) consisted 
primarily of capelin, Atlantic herring, sand lance and horned lantern fish (COSEWIC 2006). 
 
4.8.4. Sea Turtles 
 
4.8.4.1. Leatherback 
 
Leatherback sea turtles are considered endangered by COSEWIC and are listed as such on Schedule 1 of 
SARA.  A proposed Recovery Strategy was released by DFO in June 2006 and finalized in December 
2006 (ALTRT 2006); critical habitat has not been identified but studies are underway to do so.  The 
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leatherback is the largest living turtle (2.2 m in length and over 900 kg; Morgan 1989) and it also may 
be the most widely distributed reptile, as it ranges throughout the Atlantic, Pacific, and Indian oceans 
and into the Mediterranean Sea (Ernst et al. 1994).  Adults engage in routine migrations between 
temperate and tropical waters, presumably to optimize both foraging and nesting opportunities. Recent 
satellite-telemetry data show that leatherbacks, including adult males, adult females, and juveniles 
undergo annual round trip migrations from nesting areas in the Caribbean and South America to waters 
off Nova Scotia and Newfoundland (James et al. 2005).  Adult leatherbacks are regularly sighted in the 
waters off Nova Scotia and Newfoundland from June to October (James et al. 2005), where they likely 
come to feed on jellyfish, their primary prey (Bleakney 1965; Cook 1981; 1984).  Indeed, feeding areas 
in Atlantic Canada are considered significant for this species (James et al. 2005).  Leatherbacks do not 
migrate along specific routes but utilize broad areas of the Atlantic.  They exhibit foraging site fidelity to 
shelf and slope waters off Canada and the northeastern United States.  Leatherbacks equipped with 
satellite tags did not occur in the Project Area but some did migrate through the Grand Banks south of 
Newfoundland (James et al. 2005).  A tagged leatherback was also tracked approximately 50 miles east 
of St. John’s, NL, in 2005. Two leatherbacks were sighted in mid-August 2006 in the Study Area during 
Husky’s seismic program (Abgrall et al., in prep.); these are the first documented sightings in the Jeanne 
d’Arc Basin.  To date, no sea turtles have been reported in the near the Terra Nova Development by 
observers on various platforms (U. Williams, Petro-Canada, pers. comm.).  Also, no leatherbacks were 
sighted during Chevron’s seismic monitoring program in the Orphan Basin in 2004 and 2005 and during 
Husky’s seismic monitoring program in Jeanne d’Arc Basin in fall 2005 (Moulton et al. 2005, 2006b; 
Lang et al. 2006).  It is possible that leatherbacks may occur in the Study Area during Petro-Canada’s 
proposed seismic program but the frequency of sightings is expected to be low.   
 
The worldwide population of leatherbacks is currently estimated at between 26,000 and 43,000 nesting 
females (Spotila et al. 1996).  The current population is thought to be declining as major nesting 
colonies have declined in the last 20 years, although an increase in leatherbacks nesting in Florida has 
been reported in the last few years (Dutton et al. 1999).  Leatherbacks nest from April through 
November in the tropics along sandy beaches, preferring areas with little vegetation (Nordmoe et al. 
2004).  Females deposit an average of five to seven nests per year, with clutch size averages varying 
geographically (Plotkin 1995).  Leatherbacks do not nest annually; inter-nesting intervals are 2-3 years.  
Little is known about the behaviour or survivorship of post-hatchlings.  Leatherbacks are specialized 
predators of gelatinous zooplankton, feeding on scyphozoan jellyfish, pyrosomes, and siphonophores 
(Davenport 1998 in Hays et al. 2004).  They exhibit diel dive patterns, spending much of the night 
diving, typically to modest depths, but around sunrise, dives become progressively deeper.   The deepest 
dive profile recorded for a leatherback (and indeed any reptile) was a 54-minute dive to 626 m.  Some 
may even dive deeper (Eckert et al. 1989).  However, dives are typically much shallower (<200 m) and 
shorter (<40 minutes) (Hays et al. 2004). 
 
Data from the US pelagic longline fishery observer program have also added to the knowledge of 
leatherback distribution off Newfoundland (Witzell 1999).  Nearly half of the leatherbacks (593 
captures) caught incidentally by this fishery between 1992 and 1995 from the Caribbean to Labrador 
were captured in waters on and east of the 200 m isobath off the Grand Banks (Witzell 1999).  Animals 
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were caught in this region during all months from June to November, with the bulk of captures from 
July to September.  Not surprisingly, leatherback captures within these waters corresponded closely with 
fishing effort, both clustered near the 200 m isobath.  
 
The apparent common northerly occurrence of this species compared to other sea turtles may be 
attributed to an ability to maintain body temperatures of 25ºC in sea water as much as 18ºC cooler.  An 
adult was even observed by fishermen in Trinity Bay, Newfoundland swimming amongst ice in waters 
as cold as 0°C (Goff and Lien 1988).  Leatherbacks likely use many means to maintain body 
temperatures including: high physical activity, insulating oily layer, and counter-current heat exchange 
(James and Mrosovsky 2004).   
 
The population size for leatherbacks is poorly known, but likely exceeds several hundred thousand 
animals in the Atlantic (DFO 2004f).  There is no estimate of what fraction of the population may 
migrate into Canadian waters.  Loss of nesting habitat due to development and erosion, predation by 
animals, and poaching of adults and eggs for consumption inhibit the recovery of this species (James 
2001). Ingestion of plastic materials, which leatherbacks presumably mistake for jellyfish is common 
and can be fatal.  Entanglement in fishing gear is also an issue.  Of the twenty leatherbacks reported off 
Newfoundland between 1976 to 1985, 14 were entangled in fishing gear (Goff and Lien 1988).  James et 
al. (2005) collected 83 records of leatherbacks interacting with fixed gear from 1997-2003 in shelf 
waters off eastern Canada.  Of these 83 incidents, 18% involved dead turtles.  The authors note that 
these voluntarily reported interactions likely represent a small fraction of the leatherback-fixed gear 
interactions occurring in Atlantic Canada.       
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5.0 Effects Assessment Methodology 
 
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 the Hibernia and Terra Nova 
EISs, White Rose Oilfield Development EA and Comprehensive Study, Husky Jeanne d’Arc Basin 
Seismic and Drilling EAs, Husky Lewis Hill Drilling EA, Chevron Orphan Basin Seismic and Drilling 
EA, and other east coast seismic and drilling EAs.  These documents conform to the Canadian 
Environmental Assessment Act (CEAA) and it’s 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 
 
Scoping for the effects assessment was conducted by reviewing the Terra Nova Environmental Impact 
Statement (Petro-Canada 1996a,b), Petro-Canada VSP EA (LGL 2006), Northern Jeanne d’Arc Basin 
seismic program EA and EA Update (LGL 2005a; Moulton et al. 2006c), Orphan Basin 3-D seismic EA 
(Buchanan et al. 2004), the White Rose Comprehensive Study and Supplement (Husky 2000, 2001), and 
the Hibernia EIS (Mobil 1985).  The C-NLOPB also provided a scoping document (dated 21 March 
2006) for the Project.  In addition, various stakeholders were contacted for input (see below).   Reviews 
of present state of knowledge were also conducted. 
 
5.1.1. Consultations 
 
Relevant government agencies, representatives of the fishing industry and other interest groups were 
consulted. 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. The Project 
Description and Scoping Document for the proposed survey were sent to all agencies and groups via 
email in February 2007. The consultants asked each agency/group to review this information, to provide 
any comments they might have and to indicate whether they would like to meet with representatives of 
Petro-Canada and its consultants to review and discuss the proposed survey in more detail. 
 
Consultations for the proposed Petro-Canada 3-D seismic survey included the following agencies and 
stakeholders. (A list of all persons consulted is provided in Appendix B.) 
 

• Fisheries and Oceans 
• Environment Canada 



 

Petro-Canada’s 3-D Seismic Program LGL Limited 
Environmental Assessment Page 144 
 

 

• Natural History Society  
• One Ocean  
• Fish, Food and Allied Workers Union (FFAW) 
• Association of Seafood Producers 
• Fishery Products International  
• Groundfish Enterprise Allocation Council (Ottawa) 
• Clearwater Seafoods 

 
During the consultation meetings, none of the agencies, groups or fisheries industry officials raised any 
major concerns or issues about the survey. However, agency representatives noted a number of 
comments and questions during the meetings, as further discussed below. (Representatives of the 
Groundfish Enterprise Allocation Council and Clearwater Seafoods did not respond in person or in 
writing with any comments or questions.) 
 
DFO.—Petro-Canada’s managers noted that, depending on the availability of a seismic vessel, the 
survey may not take place until 2008 - or possibly later. In response, DFO mangers noted that the lack of 
a specific schedule for the survey could present a slight problem with respect to the department’s legal 
obligations under SARA. It was noted that, if the program was delayed for a year or two, it is possible 
that some species may be added to the SARA list in the meantime. Thus it was suggested that the EA 
should address both existing SARA Schedule 1 species and those with most potential of being added in 
the near future (i.e., other species listed by SARA and COSEWIC). Petro Canada’s consultants agreed 
that these “potential” SARA species would be considered. (It should be noted that, since the DFO 
meeting, Petro Canada has announced that the survey will take place in 2007; as such, the EA will be 
considering all existing SARA Schedule 1 species.)  
 
DFO managers noted that, over and above any “at risk” species, SARA species must be considered as a 
separate VEC, and that this discussion must include a thorough examination of any potential effects, as 
well as any knowledge gaps (e.g., potential effects on wolfish larvae) pertaining to relevant SARA 
species. 
 
DFO managers also noted that the EA should include an analysis of the relevant DFO RV data. Petro-
Canada’s consultants noted that they have obtained all of the available RV data (up to 2005). 
 
Environment Canada.— The meeting with EC managers included a brief discussion of  several aspects 
of the proposed survey and seabird observation protocols and procedures. Managers asked Petro-
Canada’s consultants about their experience with strandings of storm petrels on other surveys. It was 
noted that the number and frequency of strandings tends to vary from survey vessel to survey vessel and 
depends, among other things, on the amount of on board lighting. EC managers noted that digital 
recording procedures for observation data are now being used and have recently been revised. It was 
also noted that the agency would be happy to provide the survey with the most recent bird observation 
protocol and to assist with any training the FLO may need for his seabird observations. EC managers 
also mentioned that the department prefers the use of solid filled cables versus those using petroleum.  
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Natural History Society.— Most of the discussion at this meeting dealt with the potential effects of 
seismic noise on marine mammals. NHS representatives asked Petro-Canada if the survey vessel’s 
sensors (or any of the equipment on board the scout boat) would be recording, monitoring or collecting 
any “passive” data, such as whale noise (i.e., vocalizations). An NHS member also asked if the Petro-
Canada survey would be collecting any detailed bathymetric data for the southwest Grand Banks area. If 
so, such information would be very useful to various research initiatives currently underway at MUN.   
 
FPI/ASP.— Representatives of FPI and the Association of Seafood Producers did not have any specific 
comments or concerns about the survey, but noted that they appreciated the opportunity to hear further 
details about Petro-Canada’s 2007 survey plans. 
 
One Ocean/FFAW.— One Ocean’s representative referenced the recent (Fall, 2006) Seismic Workshop 
and noted that one of the recommendations from that session dealt with the need for improved 
communications with fisheries participants about offshore seismic operations and surveys. One of the 
suggestions was that proponents should be providing relevant information – and a “head’s up” - to 
fishers who might be directly affected by survey activities via the “Union Forum”, the FFAW’s regular 
publication. As such, it would be appropriate for Petro-Canada to provide further details about the 
proposed program in time to make the Forum’s May/June publishing deadline 
 
5.2. 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 the Hibernia EIS (Mobil 1985), the Terra Nova EIS (Petro-Canada 
1996a,b), the White Rose Oilfield Development EA and Comprehensive Study and associated 
supplement (Husky 2000, 2001), Jeanne d’Arc Basin Seismic (LGL 2005a) and Drilling EAs (LGL 
2002), and geohazard (LGL 2005a) and VSP EAs (LGL 2006), DFO and EC comments, and 
consultations with stakeholders and regulators.   
 
The VECs were selected based upon expressed public comments related to social, cultural, economic, or 
aesthetic values and scientific community concerns.   From a local perspective, most concern for 
offshore oil and gas activities is related to the fishery and the seabirds.  National and international issues 
may include such groups as deep sea corals and marine mammals.  The VECs and the rationale for their 
inclusion are as follows: 
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• 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 our 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. 

 
• Commercial fisheries are directly linked to the fish VEC above but all fisheries (trawling, 

gillnetting, longlines, pots, etc.) are considered where relevant.  This includes those listed 
above plus some potential pelagic fisheries (e.g., tuna) that could occur in the Project Area. 
The commercial fishery is a universally acknowledged important element in 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 supports some of the largest seabird colonies in the world and the Grand 
Banks area hosts very 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 such as humpback whale) 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 likely very uncommon in the Study Area, are mostly threatened and 

endangered on a global scale and the leatherback sea turtle which forages on the Grand 
Banks is considered endangered under SARA species. 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 listed as endangered or threatened on Schedule I of SARA.  In 

addition, species listed as special concern are considered in this category.  All SAR species in 
Newfoundland and Labrador offshore waters are captured in the VECs listed above.  
However, due to their special status, they are also discussed separately. 
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5.3. Boundaries 
 
For the purposes of this EA, the following boundaries are defined. 
 
Temporal—the temporal boundaries of the Project are 1 May to 31 December in 2007 and subsequent 
years (2008 to 2010). 
 
Project Area—the ‘Project Area’ is defined as the area where seismic 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).  The ‘Proposed 2007 Survey Area” is the area where full-fold seismic data will be 
acquired in 2007. 
 
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 virtually all 
potential effects will be confined within the Project Area. 
 
Study Area—an area around the Project Area large enough to encompass effects reported in the 
literature. 
 
Regional Area—the regional boundary is the boundary as defined in previous EAs such as Hibernia, 
Terra Nova and White Rose and is retained here for consistency. 
 
5.4. 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. 

 
5.4.1. Identification and Evaluation of Effects 
 
Interaction matrices were prepared that identify all possible Project activities that could interact with any 
of the VECs.  The matrices include times and places where interactions could occur.  The interaction 
matrices are used only to identify potential interactions; they make no assumptions about the potential 
effects of the interactions. 
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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. 
 
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 and 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. 
 
5.4.2. 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 (CEAA 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. 
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5.4.3. 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. 
 
5.4.4. Evaluation Criteria for Assessing Environmental Effects 
 
Several criteria were taken into account when evaluating the nature and extent of environmental effects.  
These criteria include (CEAA 1994): 
 

• 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.  Two tables are provided for each group of VECs, indicating the results of the effects analysis 
and the significance of those effects.  
 
Magnitude was defined as: 
 
Negligible An interaction that may create a measureable effect on individuals but would never 

approach the 10% 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. 
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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 exploratory (including Husky 
2000, 2001, 2002; LGL 2003b, 2004, 2005; Buchanan et al. 2004, and others).   
 
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. 
 
5.4.5. 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 Grand 
Banks. 
 

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

• Other offshore oil exploration activity (particularly seismic surveys and exploratory drilling).  
In the Newfoundland and Labrador offshore for 2007, activity may include two seismic 
programs, a controlled source electromagnetic survey, a vertical seismic profiling program, 
and an exploratory/delineation drilling program (C-NLOPB web site).  Existing and 
developing production projects include Hibernia (GBS platform), Terra Nova FPSO, and 
White Rose FPSO; 

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

transits, etc.); and 
• Hunting activities (marine birds and seals). 
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5.4.6. 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 the Grand Banks. 

 
These ratings are presented in summary tables of residual environmental effects.  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. 
 
5.4.7. 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 10 km2 

 
An effect can be considered significant, not significant, or positive. 
 
5.4.8. 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 
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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. 
 
5.4.9. Determination of Whether Predicted Environmental Effects are Likely to 

Occur 
 
As per other EAs (e.g., LGL 2006), the following criteria for the evaluation the likelihood of any 
predicted significant effects are used. 
 

• probability of occurrence; and 
• scientific certainty. 

 

5.4.10. 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. 
 
5.5. Effects of the Environment on the Project 
 
The physical environment is described in Section 3 and the reader is referred to this section 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 cause 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 May to December 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 spring and 
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 Petro-Canada contractors are 
thoroughly familiar with east coast operating conditions.  As a prediction of the effects of the 
environment on the Project, Petro-Canada uses an estimate of 25% weather-related down time for the 
Project (B. Wilson, Senior Geophysicist, Petro-Canada, pers. comm.).  This cannot be considered a 
significant effect on the Project otherwise the Project would not be acceptable to the Proponent.  Seismic 
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. 
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Effects of the biological environment on the Project are unlikely although there are anecdotal accounts 
of sharks attacking and damaging streamers. 
 
5.6. Effects of the Project on the Environment 
 
5.6.1. Ecosystem 
 
There will likely be no significant effect (negligible at most) of the Project on fish habitat components 
including water quality, plankton and benthos.  Therefore, they are not discussed directly in this section.  
Plankton and benthos are discussed indirectly in relation to the fish VEC (e.g., ichthyoplankton and 
benthic fish and macroinvertebrates). 
 
5.6.2. Fish and Invertebrates 
 
Potential effects of exposure to seismic sound on fish and invertebrates can be categorized as follows: 
(1) pathological, (2) physiological, and (3) behavioural.  Pathological effects include lethal and sub-
lethal damage, physiological effects include temporary primary and secondary stress responses, and 
behavioural effects are changes in exhibited behaviours.  The three categories should not be considered 
independently of one another. They are likely interrelated in complex ways.  For example, it is possible 
that certain physiological and behavioural changes could potentially lead to the ultimate pathological 
effect on individual animals (i.e., mortality). 
 
The following sections provide an overview of available information pertaining to the effects of 
exposure to seismic sound on fish and invertebrates, including the results of scientific studies of varying 
degrees of scientific rigor and anecdotal information. 
 
5.6.2.1. Pathological Effects 
 
In water, acute damage to organisms exposed to seismic sound is likely related primarily to two features 
of the sound: (1) received peak pressure, and (2) time required for the pressure to rise and decay (Hubbs 
and Rechnitzer 1952 in Wardle et al. 2001).  Generally, the higher the received pressure and the less 
time it takes for the pressure to rise and decay, the greater the chance of acute pathological effects.  
Considering the peak pressure and rise/decay time characteristics of seismic airgun arrays used today, 
the pathological zone for fish and invertebrates would be expected to be small ( i.e., within a few metres 
of the seismic source). 
 
Invertebrates.—Very few investigations of pathological impacts of exposure to seismic sound on 
marine invertebrates have been conducted to date. 
 
In 2002, Christian et al. (2003, 2004) exposed adult male snow crabs (Chionoecetes opilio), egg-bearing 
female snow crabs and fertilized snow crab eggs to sound from seismic airguns under controlled field 
conditions near St. John’s, Newfoundland and Labrador, Canada. All exposure experiments consisted of  
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200 discharges over a 33 minute period.  Male crabs were associated with numerous exposure 
experiments where the mean received sound pressure level (SPL) ranged from 197 to 221 dB re 1 µPa 0-

P, and the maximum received energy density ranged from 130 to 187 dB re 1 µPa2/Hz.  Maximum 
received energy densities occurred at frequencies < 260 Hz.  The berried female crabs were associated 
with a single exposure experiment with a mean received SPL of 221 dB re 1 µPa 0-P, and a maximum 
received energy density of 183 dB re 1 µPa2/Hz at < 50 Hz.  No differences in either acute or chronic 
(12 weeks and 30 weeks after exposure) mortality were observed between the treatment and control 
animals for both male and female crabs (Christian et al. 2003, 2004). 
 
The fertilized egg masses were associated with a single exposure experiment with a mean received SPL 
of 221 dB re 1 µPa 0-P, and a maximum received energy density of 187 dB re 1 µPa2/Hz at < 50 Hz.   
There was a significant difference in development rate noted between the treatment and control fertilized 
eggs. The egg mass exposed to seismic sound had a higher proportion of less-developed eggs than the 
control egg 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). 
 
Caged egg-bearing female snow crabs were exposed to seismic sound associated with a commercial 
seismic survey conducted in the southern Gulf of St. Lawrence off Cape Breton, Nova Scotia, Canada in 
December 2003 (DFO 2004d).  Crabs were exposed to seismic sound for 132 hours of survey time.  The 
maximum SPLs measured by ocean bottom seismometers (OBS) at the survey site ranged from 152 to 
192 dB re 1 µPa 0-P (140 to 178 dB re 1 µPa RMS).  Definitive conclusions of this study were that 
exposure to the seismic sound did not cause any acute or chronic mortality of the crab, nor did it affect 
the survival of the embryos being carried by the females during the time of exposure.  Locomotory 
ability of larvae that hatched after exposure did not appear to be affected either.  There was some 
evidence of hepatopancreas and ovary bruising, detached outer membranes of oocytes, and acute soiling 
of gills, antennules and statocysts in the treatment crabs.  However, no definitive link between these 
observations and exposure to seismic could be made (DFO 2004d,e). 
 
Pearson et al. (1994) exposed Stage II larvae of the Dungeness crab (Cancer magister) to four 
discharges from a seven-airgun seismic array under five different received SPL scenarios.  The mean 
received SPLs ranged from approximately 221 to 231 dB re 1 µPa P-P.  No significant differences in 
survival rate to Stage III and Stage IV between control and treatment larvae were noted under any of the 
five scenarios. 
 
McCauley et al. (2000a,b) carried out three exposure trials with caged squid (Sepioteuthis australis) 
using a single 20 in3 airgun. During the first trial using a fixed airgun sound source, the received SPLs 
were at least 174 dB re 1 µPa RMS.  Trials 2 and 3 used a mobile airgun sound source resulting in a 
minimum to maximum received SPL range of 35 to 45 dB re 1 µPa RMS (< 156 to > 174 dB re 1 µPa 
RMS).  Statocysts were removed and preserved but at the time of the study report publication, results of 
the statocyst analyses were not available.  No squid mortalities were reported as a result of the exposure 
trials. 
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Pilot studies investigating the potential effects of exposure to seismic sound on various marine 
invertebrates have been conducted during recent years by the Department of Fisheries and Oceans 
(DFO), St. John’s, Newfoundland and Labrador, Canada (J. Payne, DFO Research Scientist, pers. 
comm.).  The primary invertebrate species used in these pilot studies include snow crab and American 
lobster (Homarus americanus).  The exposure experiments are typically characterized by 50 to 200 
airgun discharges and a received SPL of approximately 197 db re 1 µPa 0-P.  To date, neither mortality 
nor gross injury has been detected as a result of exposure to seismic sound.  Other marine invertebrates 
that have been exposed to seismic sound at the St. John’s DFO laboratory include shrimp, ctenophores, 
blue mussels, sea anemones and sea cucumbers.  No pathological effects on these invertebrates were 
observed. 
 
In 2001 and 2003, two incidents of multiple strandings of the giant squid (Architeuthis dux) on the north 
coast of Spain were reported (Guerra et al. 2004).  The strandings occurred at about the same time as 
geophysical seismic surveys were being conducted in the Bay of Biscay.  A total of nine giant squids, 
either stranded or moribund surface-floating, were collected at these times.  Guerra et al. (2004) 
presented evidence of acute tissue damage in the stranded and surface-floating giant squids after 
conducting necropsies on seven (six females and one male) of the relatively fresh nine specimens.  The 
authors speculated that one female with extensive tissue damage had been affected by the seismic sound.  
However, little is known about the impact of marine acoustic technology on cephalopods and, 
unfortunately, the authors did not describe the seismic sources, locations, and durations of the Bay of 
Biscay surveys.  No evidence of relationships between the squid tissue damage and the seismic surveys 
was presented.  
 
Bivalves in the Adriatic Sea have also been exposed to seismic energy and subsequently assessed 
(LaBella et al. 1996).  No effects of the exposure were noted. 
 
Fish.—There are some examples of the occurrence of damage to fish ear structures as a result of 
exposure to seismic sound (Enger 1981; McCauley et al. 2000a,b, 2003).   It must be noted that the 
experimental fish in these studies were caged and exposed to high cumulative levels of seismic energy, a 
scenario not likely to occur with noncaptive fish.    Atlantic salmon were exposed within 1.5 m of 
underwater explosions (Sverdrup et al. 1994).  Compared to airgun sources, explosive detonations are 
characterized by higher peak pressures and more rapid rise and decay times, and are considered to have 
greater potential to damage marine biota.  In spite of this, no salmon mortality was observed 
immediately after exposure or during the seven-day monitoring period following exposure. 
 
Studies have indicated that exposure to intense sound can affect the auditory thresholds of fish.  Under 
certain conditions, fish have exhibited temporary threshold shift (TTS), followed by complete recovery 
within 24 hours. Amoser and Ladich (2003) exposed two hearing specialist fish, the nonvocal goldfish 
(Carassius auratus) and the vocalizing catfish (Pimelodus pictus) to intense white noise (158 dB re 1 
µPa; unspecified measure type) for periods of 12 and 24 hours and then tested their hearing sensitivities 
using auditory brainstem response (ABR) immediately following exposure and at 3, 7 and 14 days post-
exposure.  Hearing sensitivities were also measured prior to exposure to the intense white noise.  Both 
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species exhibited loss of hearing sensitivity (maximum of 26 to 32 dB) immediately post-exposure, the 
greatest loss occurring at the most sensitive frequencies.  The catfish exhibited the highest maximum 
loss of hearing sensitivity.  While the goldfish hearing sensitivity returned to normal within three days of 
exposure, the catfish hearing sensitivity took 14 days to return to normal.  Smith et al. (2004) found that 
goldfish had significant threshold shift after only 10 minutes of exposure to white noise (160-170 dB re 
1 µPa; unspecified measure type) and that these shifts increased linearly up to approximately 28 dB after 
24 hours of exposure to the noise.  Threshold shifts did not increase beyond the 24-hour exposure time.  
After 21 days of exposure to the noise, the goldfish hearing sensitivity required 14 days to recover to 
normal levels.  It should be noted that TTS is less likely to occur in the wild unless fish are prevented 
from leaving the immediate area of the sound source.  Also, the above experiments that demonstrated 
TTS in fish used a continuous sound source.  Seismic sound is impulsive sound. 
 
Popper et al. (2005) exposed three caged freshwater fish species to seismic sound and then tested each 
species’ hearing using the auditory brainstem response (ABR) method.  Mean received peak SPLs 
ranged from 205 to 210 dB re 1 µPa 0-P.  Each exposure consisted of either 5 or 20 discharges.   Results 
indicated that adult northern pike and lake chub exposed to the seismic sound did exhibit temporary TTS 
with full recovery within 24 hours of exposure.  Neither the broad whitefish nor the juvenile northern 
pike exhibited TTS. 
 
Some studies have also provided some information on the effects of exposure to seismic sound on fish 
eggs and larvae (Kostyuchenko 1973; Dalen and Knudsen 1987; Holliday et al. 1987; Matishov 1992; 
Booman et al. 1996; Dalen et al. 1996).  Effects on the ichthyoplankton appeared to be minimal and any 
mortality effect was generally not significantly different from the experimental controls.  Typically, any 
observed larval mortality occurred as a result of exposures within 0.5 to 3 m of the airgun source.  
Matishov (1992) reported some retinal tissue damage in cod larvae exposed within 1 m of the airgun 
source.  Saetre and Ona (1996) applied a ‘worst-case scenario’ mathematical model to investigate the 
effects of seismic sound on fish eggs and larvae and concluded that mortality rates caused by exposure 
to seismic 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. 
 
Matishov (1992) reported cod and plaice mortality within 48 hours of their being exposed to sound 
within 2 m from a seismic source.  No other details of the exposure (e.g., received SPL, number of 
discharges) were provided by the author, making the usefulness of this information questionable.  On the 
other hand, there are numerous examples of exposure of fish to seismic sound without any indication of 
acute mortality (Falk and Lawrence 1973; Holliday et al. 1987; La Bella et al. 1996; Santulli et al. 1999; 
McCauley et al. 2000a, 2000b; Thomsen 2002; IMG 2002; McCauley et al. 2003; Hassel et al. 2003). 
 
Summary of Pathological Effects.—To date, there are not any properly documented cases of acute 
mortality of juvenile or adult fish or invertebrates exposed to seismic sound characteristic of typical field 
seismic surveys.  Sub-lethal injury or damage has been observed but as a result of repeated exposure to 
very high received levels of sound, a higher cumulative level than would be expected in the field under 
normal seismic operating conditions.  Acute mortality of eggs and larvae have been demonstrated in 
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experimental exposures but only when the eggs and larvae were exposed very close to the seismic sound 
sources and the received pressure levels were presumably very high.  Limited information has not 
indicated any chronic mortality as a direct result of exposure to seismic. 
 
5.6.2.2. Physiological Effects 
 
Biochemical responses of marine fish and invertebrates to acoustic stress have also been studied, albeit 
in a limited way.  Studying the variations in the biochemical parameters influenced by acoustic stress 
may give some indication of the extent of the stress and perhaps provide insight into associated impacts 
on the animal.  For example, stress could potentially affect animal populations by negatively impacting 
reproductive capacity. 
 
McCauley et al. (2000a,b) employed various measures to study the physiological effects of exposure to 
seismic sound on fish and cephalopods.  No significant physiological stress increases attributable to 
seismic sound were detected.  Caged European sea bass exposed to seismic sound exhibited numerous 
biochemical responses.  All physiological parameters returned to normal levels within 72 hours of the 
exposure to seismic sound. 
 
Stress indicators in the haemolymph of adult male snow crabs were monitored immediately following 
exposure (acute effects) to seismic sound and at two different times long after exposure (chronic effects) 
(Christian et al. 2003, 2004).    No significant differences in the stress indicators (e.g., proteins, 
enzymes, cell type count) were detected between treatment and control animals. 
 
Potential physiological effects were also investigated during the DFO snow crab study off Cape Breton 
(DFO 2004d,e).  Levels of enzymes in the haemolymph were comparable between the treatment and 
control animals. 
 
Lagardère (1982) presented results from laboratory experimentation that suggested that behavioural and 
physiological reactions of brown shrimp (Crangon crangon) were modified by exposure to increased 
background noise in tanks.  Shrimp were kept in two environments for about three months, one noisier 
than the other.  The mean difference in sound level in the 80 to 400 Hz range was 30 to 40 dB 
(unspecified measure type).  There was a significant difference in growth rate and reproduction rate 
between the two groups.  Those shrimp in the noisier environment had lower rates of each compared to 
those in the quieter environment.  Increased noise levels also appeared to increase aggression 
(cannibalism) and mortality rate, and decrease food uptake.  It is unclear how tank experiments with 
sound relate to conditions in the wild. 
 
Summary of Physiological Effects.—Primary and secondary stress responses of fish after exposure to 
seismic energy all appear to be temporary in any studies done to date.  The times necessary for these 
biochemical changes to return to normal are variable depending on numerous aspects of the biology of 
the species and of the sound stimulus. 
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5.6.2.3. Behavioural Effects 
 
Because of the relative lack of indication of serious pathological and physiological effects of seismic 
energy on marine fish and invertebrates, most concern now centers on the possible effects of exposure to 
seismic on the distribution, migration patterns and catchability of fish (i.e., behavioural effects). 
 
Invertebrate and Fish Acoustic Detection and Production.—Because they lack air filled cavities and 
are often the same density as water, invertebrates detect underwater acoustics differently than fish.  
Rather than being pressure sensitive, invertebrates appear to be most sensitive to particle displacement.  
However, their sensitivity to particle displacement and hydrodynamic stimulation seem poor compared 
to fish.  Decapods, for example, have an extensive array of hair-like receptors both within and upon the 
body surface that could potentially respond to water- or substrate-borne displacements.  They are also 
equipped with an abundance of proprioceptive organs that could serve secondarily to perceive 
vibrations.  Crustaceans appear to be most sensitive to sounds of low frequency (i.e., <1,000 Hz) 
(Budelmann 1992; Popper et al. 2001). 
 
A study in New Zealand tested the response of the planktonic stages of common coastal crabs to 
artificial sources of natural reef sound played through underwater sound projectors at offshore sites 
(Jeffs et al. 2003).  The purpose of the study was to shed some light on the ability of larval and post-
larval stages of coastal crustacean to find their way from the open ocean to the coast where they settle to 
the bottom.  Results of the experiment provided some evidence that some pelagic stages of common 
coastal crabs may use underwater sound to orient to the coast.  However, it is likely that other cues are 
also important.  There is also some evidence that some reef fish larvae also orient to underwater reef 
sound (Tolimieri et al. 2000 in Jeffs et al. 2003). 
 
Hearing in fishes was first demonstrated in the early 1900s through studies involving cyprinids (Parker 
1903 and Bigelow 1904 in Kenyon et al. 1998).  Since that time, numerous methods have been used to 
test auditory sensitivity in fishes, resulting in audiograms of over 50 species.  These data reveal great 
diversity in fish hearing ability, mostly due to various peripheral modes of coupling the ear to some 
internal structures, including the swim bladder.  However, the general auditory capabilities of less than 
0.2% of fish species are known so far. 
 
For many years, studies of fish hearing have reported that the hearing bandwidth typically extends from 
below 100 Hz to approximately 1 kHz in fishes without specializations for sound detection, and up to 
about 7 kHz in fish with specializations that enhance bandwidth and sensitivity.  Recently there have 
been suggestions that certain fishes, including many clupeiforms (i.e., herring, shads, anchovies, etc.) 
may be capable of detecting ultrasonic signals with frequencies as high as 126 kHz (Dunning et al. 1992; 
Nestler et al. 1992).  Studies on Atlantic cod, a non-clupeiform fish, suggested that this species could 
detect ultrasound at almost 40 kHz (Astrup and Møhl 1993). 
 
Mann et al. (2001) showed that the clupeiform fish, the American shad, is capable of detecting sounds 
up to 180 kHz.  They also demonstrated that the gulf menhaden is also able to detect ultrasound while 
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other species such as the bay anchovy, scaled sardine, and Spanish sardine only detect sounds with 
frequencies up to about 4 kHz.  Nedwell et al. (2004) have recently compiled a summary of available 
fish audiograms.   
 
Among fishes, at least two major pathways for sound to get to the ear have been identified.  The first and 
most primitive is the conduction of sound directly from the water to tissue and bone.  The fish’s body 
takes up the sound’s acoustic particle motion and subsequent hair cell stimulation occurs due to the 
difference in inertia between the hair cells and their overlying otoliths.  The second sound pathway to 
the ears is indirect.  The swim bladder or other gas bubble near the ears expands and contracts in volume 
in response to sound pressure fluctuations, and this motion is then transmitted to the otoliths.  While 
present in most bony fishes, the swim bladder is absent or reduced in many other fish species. Only 
some species of fish with a swim bladder appear to be sound pressure-sensitive via this indirect pathway 
to the ears and are called ‘hearing specialists’.  These hearing specialists have some sort of connection 
with the inner ear, either via bony structures known as Weberian ossicles, extensions of the swim 
bladder, or simply a swim bladder more proximate to the inner ear.  Hearing specialists’ sound pressure 
sensitivity is high and their upper frequency range of detection is extended above those species that hear 
only by the previously described direct pathway.  The species having only the direct pathway are known 
as ‘hearing generalists’ (Fay and Popper 1999).  Typically, most fish detect sounds of frequencies up to 
2,000 Hz but, as indicated, others have detection ranges that extend to much higher frequencies. 
 
Fish also possess lateral lines that detect water movements.  The essential stimulus for the lateral line 
consists of differential water movement between the body surface and the surrounding water.  The 
lateral line is typically used in concert with other sensory information, including hearing (Sand 1981; 
Coombs and Montgomery 1999). 
 
Elasmobranchs, including sharks and skates, lack any known pressure-to-displacement transducers such 
as swim bladders.  Therefore, they presumably must rely on the displacement sensitivity of their 
mechanoreceptive cells.  Unlike acoustic pressure, the kinetic stimulus is inherently directional but its 
magnitude rapidly decreases relative to the pressure component as it propagates outward from the sound 
source in the near field.  It is believed that elasmobranches are most sensitive to low frequencies (i.e., 
<1 kHz) (Corwin 1981). 
 
Many invertebrates and fish 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). 
 
Behavioural Effects of Seismic.—Studies investigating the possible effects of seismic on fish and 
invertebrate behaviour have been conducted on both uncaged and caged animals.  Studies looking at 
change in catch rate regard potential effects of seismic on larger spatial and temporal scales than are 
typical for close range studies that often involving caged animals (Hirst and Rodhouse 2000).  Hassel et 
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al. (2003) investigated the behavioural effects of seismic on caged sand lance in Norwegian waters.  The 
sand lance did exhibit responses to the seismic, including an increase in swimming rate, an upwards 
vertical shift in distribution and startle responses.  Normal behaviours were resumed shortly after 
cessation of the seismic.  None of the observed sand lance reacted to the seismic by burying into the 
sand. 
 
Engås et al. (1996) assessed the effects of seismic surveying on cod and haddock behaviour using 
acoustic mapping and commercial fishing techniques.  Results indicated that fish abundance decreased 
at the seismic survey area and the decline in abundance and catch rate lessened as one moved away from 
the survey area.  Engås et al. (1996) found that fish abundance and catch rates had not returned to pre-
shooting levels five days after cessation of shooting.  Other studies that used fishing catch rate as an 
indicator of behavioural shift also showed reduced catch rates, particularly in the immediate vicinity of 
the seismic survey (Løkkeborg 1991; Skalski et al. 1992). 
 
Anecdotal information from Newfoundland, Canada indicated that snow crab catch rates showed a 
significant reduction immediately following a pass by a seismic survey vessel.  Other anecdotal 
information from Newfoundland, Canada indicated that a school of shrimp showing on a fishing vessel 
sounder shifted downwards and away from a nearby seismic source.  Effects were temporary in both the 
snow crab and shrimp anecdotes. 
 
Christian et al. (2003) conducted an experimental commercial fishery for snow crab before and after the 
area was exposed to seismic pulses.  No drastic decrease in catch rate was observed after the airguns 
were activated.  Another behavioural investigation by Christian et al. (2003) involved caging snow 
crabs, positioning the cage 50 m below a seven-gun array, and observing the immediate responses of the 
crabs to the onset of seismic activity by remote underwater camera.  No obvious startle behaviours were 
observed. 
 
Experiments conducted off the coast of Brazil did not detect a significant effect of seismic surveying on 
shrimp fishing yields (Andriguetto-Filho et al. 2005).  Bottom trawl yields were measured before and 
after the use of an array of four synchronized airguns, each with a source peak SPL of 196 dB re 1 µPa 
@ 1-m.  The study was unable to detect immediate effects of exposure to seismic sound on the shrimp 
since fishing was not conducted until 12 to 36 hours after airgun firing.  However, if shrimp were 
immediately driven from the area, the effect was both temporally and spatially limited. 
 
An Australian study examined longterm variation (1978-2004) in catch per unit effort (CPUE) data of 
rock lobster to determine whether changes were correlated with seismic surveying activity in different 
regions (Parry and Gason 2006).  The study concluded that there was no evidence that catch rates 
declined in areas near surveys in the weeks or years following any of the 33 seismic surveys conducted 
in the region between 1978 and 2004.  One inference from these results is that rock lobster behaviour 
was not affected to the point of changing catchability of the crustacean. 
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Marine fish inhabiting an inshore reef off the coast of Scotland were monitored by telemetry and remote 
camera before, during and after airgun activation (Wardle et al. 2001).  Although some startle responses 
were observed, the seismic airgun pulses had little overall effect on the day-to-day behaviour of the 
resident fish. 
 
Studies on the effects of sound on fish behaviour have also been conducted using caged or confined fish.  
Such experiments were conducted in Australia using fish, squid and cuttlefish as subjects (McCauley et 
al. (2000a,b).  Common observations of fish behaviour included startle response, faster swimming, 
movement to the part of the cage furthest from the seismic source (i.e., avoidance), and eventual 
habituation.  Fish behaviour appeared to return pre-seismic state 15 to 30 minutes after cessation of 
seismic.  Squid exhibited strong startle responses to the onset of proximate airgun activation by releasing 
ink and/or jetting away from the source.  The squid consistently made use of the ‘sound shadow’ at 
surface where the sound intensity was less than at 3-m depth.  These Australian experiments provided 
more evidence that fish and invertebrate behaviour will be modified at some received sound level.  
Again, these behavioural changes seem to be temporary. 
 
The influence of seismic activity on pelagic fish (i.e., herring, blue whiting and mesopelagic species) 
was investigated using acoustic mapping off western Norway in 1999 (Slotte et al. 2004).  The 
distribution and abundance of pelagic fish within the survey area and in surrounding waters out to 50 km 
from the survey area were mapped three times and compared, and the abundance was recorded 
immediately prior to and after airgun activation along some of the survey transects.  The inconclusive 
results indicated that the acoustic abundance of pelagic fish was higher outside than inside the survey 
area.  At the same time, the abundance of pelagic fish prior to airgun activation was not significantly 
different than abundance immediately after shooting along some of the survey transects, indicating that 
no significant short-term horizontal movement occurred.  However, there were indications that some of 
the pelagics might have moved downwards in response to the seismic pulses. 
 
Other species involved in studies that have indicated fish behavioural responses to underwater sound 
include rockfish (Pearson et al. 1992), Pacific herring (Schwarz and Greer 1984), and Atlantic herring 
(Blaxter et al. 1981).  Again, the responses observed in these studies were relatively temporary.  
However, what is not known is the effect of exposure to seismic on fish and invertebrate behaviours that 
are associated with reproduction and migration. 
 
Using telemetry techniques, Shin et al. (2003) investigated changes in the swimming behaviour of caged 
Israeli carp (Cyprinus carpio) in response to underwater explosions.  The received sound levels ranged 
from 140 to 156 dB re 1 µPa (unspecified type of measurement).  Immediately after an explosion, the 
fish swimming area was reduced.  After 1 hour, the area had returned to pre-explosion size.  Other 
behavioural reactions included downward movement and increased swimming speed but these 
behavioural shifts also returned to normal shortly after cessation of explosions.  Considering that 
underwater explosions are considered worst-case scenarios compared to airgun discharges and that these 
fish exhibited minor short-term behavioural changes in response to underwater explosions, reactions of 
these fish to airgun discharges should be minimal. 
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Behavioural Effects of Ultrasound.—As mentioned in a previous section, a number of clupeid species 
can detect and respond to ultrasonic sounds of frequencies up to 180 kHz.  Behavioural studies of 
responses of American shad (Alosa sapidissima) to ultrasound demonstrated that these fish show a 
graded series of responses depending on the received SPL, and to a lesser degree, the frequency of the 
source sound (Plachta and Popper 2002 in Popper et al. 2004).  The American shad exhibited negligible 
response to sounds below 160 dB re 1 µPa at any frequency.   Received SPLs of 175 dB re 1 µPa at 30 
to 120 kHz with stimuli of at least one second duration, the shad showed mild reactions to the onset of 
the sound.  Between 175 and 184 dB re 1 µPa at stimulus frequencies ranging between 70 and 110 kHz, 
the fish showed rapid and directional responses directly away from the sound source.  At received SPLs 
above 185 dB re 1 µPa, the shad exhibited very rapid and random patterns of behaviours that resulted in 
some animals attempting to jump from the experimental tank.  A field study by Wilson and Dill (2002) 
showed that Pacific herring (Clupea pallasi) reacted in a manner similar to that of the shad in the tank 
experiment.  There is speculation that these responses to ultrasound evolved to help these fish, 
particularly shallow-water species, detect and avoid echolating cetacean predators. 
 
Summary of Behavioural Effects.—The full determination of behavioural effects of exposure to 
seismic is difficult.  There have been well-documented observations of fish and invertebrates exhibiting 
behaviours that appeared to be in response to exposure to seismic (i.e., startle response, change in 
swimming direction and speed, change in vertical distribution), but the ultimate importance of these 
behaviours is unclear.  Some studies indicate that such behavioural changes are very temporary while 
others imply that marine animals might not resume pre-seismic behaviours/distributions for a number of 
days.  As is the case with pathological and physiological effects of seismic on fish and invertebrates, 
available information is relatively scant and often contradictory. 
 
There is also evidence that certain clupeids show a graded series of responses to exposure to ultrasound.  
The strongest responses involve rapid movement away from the sound source. 
 
5.6.3. Effects Assessment for Fish VEC 
 
The best approach when assessing the effects of the proposed seismic program on the fish VEC is to use 
species that best represent the variability associated with crucial criteria considered during the 
assessment.  It would also be most effective to assess the effects of seismic on species that have been 
studied after exposure to seismic.  Snow crab and Atlantic cod are two species that appropriately serve 
just that purpose.  
 
The criteria worth consideration in the assessment include (1) distance between the seismic source 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), (4) reproductive strategy (snow crabs carry 
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fertilized eggs at the bottom until larval hatch and cod eggs are planktonic), and (5) residency in the 
Project Area (i.e., year-round vs. seasonal) (snow crab are essentially permanent residents and cod are 
more temporary residents).   
 
Potential impacts on other marine invertebrate and fish species must be inferred from the assessment 
using snow crab and Atlantic cod.  
 
Potential interactions between the proposed Project and the fish VEC are shown in Table 5.1. 
 
5.6.3.1. Physical Effects (Pathological and Physiological) 
 
As indicated in Section 5.6.2, there is a relative lack of knowledge of the effects of seismic sound on 
marine fish and invertebrates.  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 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.  Juvenile and adult snow crab are benthic and generally far enough from the source so that the 
received sound pressure levels are well below the levels that may have had impact during 
experimentation.  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.   
 
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.  Table 5.2 provides the details of the 
physical effects assessment. 
 
The proposed Project is predicted to have negligible to low physical effects on the various life stages of 
the fish VEC over a duration of < 1 month to 1-12 months in an area <1 km2.  Therefore, physical 
effects of the proposed program on the fish VEC would be not significant (Table 5.3) 
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Table 5.1. Potential interactions between the Project and Fish VEC.  
 

VALUED ECOSYSTEM COMPONENT:  FISH 
Feeding Reproduction Adult Stage 

PROJECT ACTIVITIES 
Plankton Benthos Eggs/Larvae Juveniles a Pelagic Fish Groundfish 

Vessel Lights x  x  x  
Sanitary/Domestic Waste x  x  x  
Air Emissions x  x  x  
Garbage b       
Noise       

   Seismic Vessel     x  
   Seismic Array x x x x x x 

Supply Vessel     x  
    Picket Vessel     x  

Helicopter c       
Presence of Vessel       

Seismic Vessel     x  
Supply Vessel     x  
Picket Vessel     x  

Helicopter c       
Shore Facilities d       
Accidental Spills x  x  x  
OTHER PROJECTS AND ACTIVITIES 
Hibernia x x x x x x 
Terra Nova x x x x x x 
White Rose x x x x x x 
Exploration x x x x x x 
Fisheries 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 5-6 weeks. 
d There will not be any new onshore facilities.  Existing infrastructure will be used. 
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Table 5.2. Effects assessment on Fish VEC. 
 

VALUED ECOSYSTEM COMPONENT:  FISH 

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) - 0 1 2 1-2 R 1 

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

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

Noise         

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

  Seismic Array Physical Effects (N) Ramp-up 
Delay Start 0-1 1 1 1-2 R 1 

  Seismic Array Disturbance (N) Ramp-up 
Delay Start 0-1 3-4 1 1-2 R 1 

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

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

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

Presence of Vessels         

Seismic Vessel   0-1 1 1 1-2 R 1 

Supply Vessel   0-1 1 1 1 R 1 

Picket Vessel   0-1 1 1 1-2 R 1 

Helicopter a - - - - - - - - 

Accidental Spills Injury/Mortality (N) 
Solid 

streamer; Spill 
Response 

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 affected by human activity 
2 = 1-10 km2 2 = Evidence of existing effects 
3 = 11-100 km2  
4 = 101-1,000 km2  
5 = 1,001-10,000 km2 
6 = >10,000 km2  
 

a A crew change may occur via helicopter if the seismic program is longer than 5-6 weeks. 
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Table 5.3. Significance of potential residual environmental effects of the proposed seismic program 
on the Fish VEC. 

 
VALUED ECOSYSTEM COMPONENT: FISH 

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 – physical effects NS 3 - - 
 Array – behavioural effects NS 3 - - 

Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 

Picket Vessel NS 3 - - 
  Helicopter  NS 3 - - 

Presence of Vessels     
Seismic Vessel NS 3 - - 

Supply Vessel NS 3 - - 
Picket 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    
 
5.6.3.2. Disturbance Effects (Behavioural) 
 
Based on the review of the effects of seismic on fish and invertebrates in a preceding section, there is 
limited data to support any conclusive statements regarding the behavioural effects of exposure to 
seismic sound on these animals.  Available information indicates that behavioural changes in response to 
sound are short-term.  However, there is no available information on what constitutes critical durations 
of change to the various behaviours.  There appears to be a great deal of inter- and intra-specific 
variability.  In the case of finfish, three general types of behavioural responses have been identified: (1) 
startle, (2) alarm, and (3) avoidance.  The type of behavioural reaction appears to depend on many 
factors, including the type of normal behaviour being exhibited at time of exposure, proximity of the 
sound source, and the pressure/energy level of the sound source.  The behaviours of most concern would 
include those associated with reproduction and migration.  Behavioural effects on fish and invertebrates 
appear to occur at greater distances from the seismic sound source than physical effects.  As discussed 
earlier, certain clupeid fish also exhibit avoidance behaviours when exposed to ultrasound of sufficient 
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amplitude and within a specific frequency range.  These responses appear to be temporary.  Table 5.2 
provides the details of the disturbance effects assessment. 
 
The proposed Project is predicted to have negligible to low behavioural effects on the various life stages 
of the fish VEC over a duration of <1 month to 1-12 months in an area 11-100 or 101-1,000 km2.  
Therefore, disturbance effects of the Project on the fish VEC would be not significant (Table 5.3). 
 
5.6.4. Effects on Commercial Fisheries VEC 
 
Impacts of the proposed seismic survey on the commercial fisheries may be related to (1) changes in 
catch rates resulting from noise-induced behavioural changes (scaring) of fish, (2) interference with 
fishing activities - particularly fixed gear - owing to gear or vessel conflicts, or (3) as a result of effects 
on stock assessments / 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 from accidental spills and wastes, are not discussed here as they are assessed above, and 
considered to be not significant.) 
 
The chief means of mitigating any such potential impacts on the commercial fisheries surveys 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 avoidance is also an 
appropriate mitigation for these potential effects. For the commercial fisheries, gear damage 
compensation, in case a conflict does occur with fishing gear (i.e., contact with the survey streamers), 
provides a means of final mitigation of impacts. 
 
As described in the Commercial Fisheries section of this assessment (Section 4.5), the proposed 2007 
Survey Area has had no recorded harvesting activity over the past three years, and there has been very 
little fishing in the Project Area (an average of 36 tonnes of snow crab annually). Within the larger 
Study Area, the fishing (almost entirely for snow crab) is concentrated well north of the Survey Area 
and to the east, beyond 200 nmi. Thus, the location of the proposed activities away from fishing will 
greatly reduce the likelihood of any impacts on commercial harvesting. Potential impacts on fisheries 
research are discussed separately, below. 
 
The potential interactions between the proposed 3-D survey and the conduct of commercial fisheries 
activities (including fisheries research) are shown in Table 5.4. The effects assessments are shown in 
Tables 5.5 and 5.6. 
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Table 5.4. Potential interactions between the Project and Commercial Fisheries VEC. 
 

VALUED ECOSYSTEM COMPONENT:  COMMERCIAL FISHERIES 

PROJECT ACTIVITIES 

For Finfish and 
Mobile Invertebrates 
(using fixed gear or 

mobile trawls) 

For Sedentary Benthic 
Invertebrates 

(using fixed crab pots) 
Research Surveys 

Vessel Lights    
Sanitary/Domestic Waste    
Air Emissions    
Garbage a    
Noise    

  Seismic Vessel    
  Seismic Array x x x 
Supply Vessel    
Picket Vessel    

Helicopter b    
Presence of Vessels    

Seismic Vessel/Streamers (including 
transit to site from St. 

John’s) 

x x x 

Supply Vessel    
Picket Vessel    

Helicopter b    
Shore Facilities c    
Accidental Spills    
OTHER PROJECTS AND ACTIVITIES 
Exploration 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 5-6 weeks. 
c There will not be any new onshore facilities.  Existing infrastructure will be used. 
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Table 5.5. Effects assessment on 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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Sanitary/Domestic Waste         

Noise         

  Seismic Vessel         

  Seismic Array 
Behavioural 

Response (N/P) 

Avoidance, 
Communications, 

FLO on board 
0 2-3 1 1-2 R 1 

Supply Vessel         

Picket Vessel         

  Helicopter a         

Presence of Vessel         

Seismic Vessel/Streamers  (including 
transit to site from 

St. John’s) 

Gear conflict and 
damage (N) 

Avoidance, FLO, 
SPOC, 

Compensation 
plan 

0b 1-2 1 1-2 R 1 

Supply Vessel         

Picket Vessel         

Helicopter a         

Accidental Spills         
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 5-6 weeks. 
b This is considered negligible since, if a conflict occurs, compensation will eliminate any economic impact.  
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Table 5.6. Effects assessment on Research Surveys. 
 

VALUED ENVIRONMENTAL COMPONENT: RESEARCH SURVEYS 

Evaluation Criteria for Assessing Environmental 
Effects 

Project Activity 
 
 
 

Potential Positive 
(P) or Negative (N) 

Environmental 
Effect 

Mitigation 
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Sanitary/Domestic 
Waste         

Noise         

    Seismic Array 
   

Behavioural 
Response (N/P) 

Separation plan, 
Avoidance, 

Communications 
0 2-3 1 1-2 R 1 

Vessel Activities         
    Streamer, ship 
   

Gear conflict and 
damage (N) 

Avoidance, FLO, 
SPOC 0 1-2 1 1-2 R 1 

Accidental Spills         
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 = 1001-10,000-km2 
6 = > 10,000-km2 
    

 
The C-NLOPB April 2004 Guidelines (C-NOPB 2004) 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): 
 

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

1.d)  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. 

1.e)  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. 

2.b) Surveys should be scheduled, to the extent possible, to reduce potential for impact or 
interference with Department of Fisheries and Oceans (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. 

c)  Seismic activities should be scheduled to avoid heavy 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. 

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

 
The following sections describe how the proposed Petro-Canada survey will meet each of these 
mitigative guidelines, as well as other measures that will be applied. 
 
5.6.4.1. Impacts on Catch Rates (Fishing Success) 
 
Fisheries industry representatives have registered concerns that seismic survey sound sources 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 to a comfortable distance 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 Section 5.6.2 presents the results of 
studies on the effects of seismic noise on catch rates. While most - though not all - of these studies 
report some decrease in catch rates near seismic arrays, there is less agreement on the duration and 
geographical extent of the effect, ranging from a quick return to several days, and from very localized 
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effects to decreased catch rates as far as 15 km to 20 km away. Snow crab, being sedentary benthic 
species, are not likely to disperse and catch rates are not as likely to be affected.  
 
However, given the distance between the Survey Area and active fishing areas, noise-related effects on 
commercial fisheries are not expected. If snow crab fishing should occur in the area in 2007, the gear 
sets would have to be avoided by the seismic ship because of the risk of gear or vessel conflicts.  
 
Though not expected to be required for the proposed survey, the mitigation measures outlined below 
describe how active avoidance will be implemented if necessary. 
 
Given the lack of fishing expected in the Survey Area, and with the additional mitigation measures in 
place, the proposed seismic program is predicted to have no disturbance effects on the fishery (Table 
5.5). Therefore, disturbance effects of the project on this component of the commercial fisheries VEC 
would be not significant (Table 5.7). 
 
Mitigations.—Mitigation measures would include avoidance of fishing areas, good communications, 
and use of a Fisheries Liaison Officer. 
 
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 well away (30-40 km) from the Survey Area. However the location of current 
activities will be monitored by the ship and the Fisheries Liaison Officer (see below) and plotted by 
project vessels, and fishing boats will be contacted by radio. Survey personnel (through the Single Point 
of Contact, 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 survey Single Point of Contact) to 
facilitate information exchange with fisheries participants. This includes such groups as DFO managers, 
independent fishers, representatives of fisheries organizations such as the FFAWU, 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 in the FFAW Union Forum (as 
suggested during consultations), as well as direct communications between the survey vessel and fishing 
vessels via marine radio at sea. This will also include the transit route. 
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Fisheries Liaison Officer (FLO):  As a specific means of facilitating at-sea communications, and 
informing the survey vessel operators about local fisheries, Petro-Canada will have an on-board fisheries 
industry liaison officer as a "fisheries representative". The FLO will be hired through, and on the advice 
of, the FFAWU. 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 contains a description 
of the FLO responsibilities and qualifications, as agreed in discussions with the FFAWU.) 
 
5.6.4.2. Fishing - Conflict with Fishing Gear (Survey Area and Transit Route) 
 
In previous surveys, concerns have been raised about the seismic vessel or streamer fouling fishing gear, 
most specifically fixed gear (crab pots) if it is concurrent and co-locational with survey operations. In 
the past, such gear conflicts have occurred in other areas, typically 1 - 2 times a year throughout 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. 
 
For the streamer deployment during the transits from St. John’s to the Survey Area, there will be no use 
of the sound source (array), so the only potential effects relate to the vessel itself and the streamer.  
 
With precautions and compensation plans in place (described below), and considering as well the low 
level of activity expected, the economic impacts on fishers would be negligible (Table 5.5), and thus not 
significant (Table 5.7). 
 
Mitigation.—As discussed above, several measures will be undertaken to avoid impacting fishing 
activity enroute to the survey area. 
 
Avoidance: Potential impacts on fishing gear will be mitigated by avoiding active fixed gear fishing 
areas during the survey. Considering the lack of fishing in the survey area historically, conflicts are not 
expected to occur. If gear is deployed in the area in 2007, the diligence of the FLO, good at-sea 
communications and mapping of current fishing locations have usually proven effective at preventing 
such conflicts. 
 
For the proposed streamer deployment during the transits from St. John’s to the Survey Area, 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 project begins. 
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In addition to avoidance based on route selection, the onshore Single Point of Contact and the at-sea 
FLO (see below) 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. 
 
Figure 5.1 provides a potential route based on expected activities during the month of June, as an 
illustration of how the route will be selected. Figure 5.1 shows fixed gear fishing locations for June 
2004, 2005 and 2006 aggregated. 
 

 
 
Figure 5.1. Potential route to Survey Area (June), avoiding fixed fishing gear.  
 
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, including during the transit 
from St. John’s. 
 
Single Point of Contact (SPOC): 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 Single Point of Contact 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 
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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, Petro-Canada will 
implement gear damage compensation contingency plans to provide appropriate and timely 
compensation to any affected fisheries participants. The Notices to Shipping, filed by the vessel for the 
survey and for the transit from St. John’s to the site, 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. 
 
Petro-Canada will follow the procedures (which have been employed successfully in the past) outlined 
in Appendix E for documenting any incidents; Appendix F contains an incident reporting form that will 
be used, and which meets the requirements of the C-NLOPB Guidelines. 
 
Petro-Canada 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).  
 
Petro-Canada will provide the C-NLOPB with details of any compensation to be paid. 
 
5.6.4.3. DFO and Industry Research Surveys 
 
Since these research surveys are conducted by "fishing" for species, the issues related to potential 
interference with DFO research surveys are essentially the same as for commercial fish harvesting, i.e., 
potential effects on catch rates, and potential conflicts with the fisheries research operations. 
 
The set locations of the FFAWU industry crab survey described in Section4.5.9 will be provide by the 
FFAWU when they are established (J. Coady, pers comm. March 2007). However, if they are in the 
same general areas as previous years, they will not overlap with the proposed Survey Area.  
 
As previously noted, there is some potential for overlap with DFO research surveys of 3L, though the 2007 
schedule has not yet been finalized. For the last few years, surveys in some parts of 3L occurred in May and 
June, and September – December. It will be necessary to obtain more specific information on survey 
timing and locations for 2007 as it becomes available. This information will be forwarded to the survey 
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operators. It has been accepted during past surveys, that the best way to prevent overlap between the 
surveys is to exchange detailed locational information and establish a temporal and spatial separation 
plan, as was implemented with DFO Newfoundland in past seasons. This is discussed in more detail in 
the Mitigations section, below. 
 
Avoidance will also prevent the seismic vessel and streamer from having impacts on research. 
 
As discussed below, any research survey taking place in the vicinity of the proposed project surveys will 
need to be monitored and avoided by the vessel. Given this, the impact of both noise and the seismic 
streamer on DFO science surveys will be negligible and not significant (see Tables 5.6, 5.7). 
 
Table 5.7. Significance of potential residual environmental effects of the proposed seismic program 

on the Commercial Fisheries VEC. 
 

VALUED ECOSYSTEM COMPONENT: COMMERCIAL FISHERIES (INCLUDING RESEARCH SURVEYS) 
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 – physical effects NS 3 - - 
 Array – behavioural effects NS 3 - - 

Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 

Picket Vessel NS 3 - - 
  Helicopter  NS 3 - - 

Presence of Vessels     
Seismic Vessel and Streamer NS 3 - - 

Supply Vessel NS 3 - - 
Picket 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    
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Mitigations.—The mitigations described above to avoid fisheries disturbance and gear conflicts will 
apply generally to DFO science cruises. 
 
As in past surveys, the survey vessel and DFO will need to exchange detailed locational information. In 
2002 when the plan was first implemented in the eastern Newfoundland Region, the exact planned RV 
survey locations were provided and plotted by the survey ship, and the locations of planned survey lines and 
daily vessel location reports were provided to DFO. A temporal and spatial separation plan was then agreed 
with DFO and implemented by the seismic vessel to ensure that their work did not overlap spatially and 
temporally, and to ensure an adequate "quiet time" before the RV came to the location. 
 
Specifically, the avoidance protocol to avoid sound overlap with the research work has been (including in 
2006) 30 km separation from research set location, seven days in advance of the locations being surveyed 
by DFO (i.e., seven days of “quiet time”). 
 
5.6.5. Seabirds 
 
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.   
 
5.6.5.1. Sound Effects Assessment on Seabirds 
 
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 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.   
 
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 4.17).  This includes members of Procellariidae 
(Northern Fulmar, Greater Shearwater, Sooty Shearwater and Manx Shearwater), Hydrobatidae 
(Wilson’s Storm-Petrel and Leach’s Storm-Petrel), Phalaropodinae (Red Phalarope and Red-necked 
Phalarope), and Laridae (Great Skua, South Polar Skua, Pomarine Jaeger, Parasitic Jaeger, Long-tailed 
Jaeger, Herring Gull, Iceland Gull, Glaucous Gull, Great Black-backed Gull, Ivory Gull, Black-legged 
Kittiwake and Arctic Tern).  Northern Gannet plunge dive 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.   
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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  
Noise  

   Seismic Vessel x 
   Seismic Array x 

Supply Vessel x 
    Picket Vessel x 

Helicopter b x 
Presence of Vessels  

Seismic Vessel x 
Supply Vessel x 
Picket Vessel x 

Helicopters b x 
Shore Facilities c  
Accidental Spills x 
OTHER PROJECTS AND ACTIVITIES 
Hibernia x 
Terra Nova x 
White Rose x 
Exploration 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 5-6 weeks. 
c There will not be any new onshore facilities.  Existing infrastructure will be used. 
 
 
There is only one group of seabirds occurring regularly in the Study Area that require relatively 
considerable time under water to secure food.  They are the Alcidae (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 25-40 seconds reaching an average depth of 20-60 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 reduced to a “muffled shot” that 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.   
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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 1.0-4.0 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).   
 
5.6.5.2. Leakage from Streamers 
 
The seismic vessel in 2007 will employ solid streamers which will eliminate the risk of a spill. However, 
if seismic surveys occur in 2008-2010, the streamers may be solid-filled or contain a paraffinic 
hydrocarbon called Isopar M.  The precise effects of Isopar M on birds is not known.  However, 
petroleum products have detrimental effects on the insulating attributes of seabird’s feathers.  Isopar M 
is a kerosene-like product that leaves a relatively thin layered slick on the surface of water.  It evaporates 
readily.  Typical fluid-filled streamers are constructed of self-contained units 100-m in length.  
Therefore, a single leak in a streamer should result in a maximum loss 208 litres of Isopar M.   
 
All seabirds expected to occur in the Study Area, except Arctic Tern, spend considerable time resting on 
the water.  Birds that spend most of their time on water, such as the murres, Atlantic Puffins and 
Dovekies, would be the most likely species to suffer negative effects from an Isopar M slick.  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.  However, flocks of seabirds resting on the 
water would not necessarily get out of the water if they drifted into an Isopar M 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).   
 
5.6.5.3. Attraction to Lights on Ships 
 
Storm-Petrels, mainly Leach’s Storm-Petrels, are often attracted to lights at night.  This includes lights at 
coastal lighthouses and ships at sea.  Montevecchi et al. (1999) describes the problem of lights and flares 
on offshore platforms and support vessels.  Foggy nights attract more birds.  The birds may become 
injured by flying directly into the source of light or the ship infrastructure.  They often land on ships at 
night and become ‘stranded’.  Storm-Petrels have short weak legs and have trouble becoming airborne 
from a solid flat surface.  Environmental observer(s) aboard the seismic vessel will conduct daily 
searches of the ship and any petrels encountered will be handled and released in accordance with a 
procedure manual developed by Canadian Wildlife Service and Petro Canada (Williams and Chardine, 
n.d.).  The ship’s crew will also be notified to contact the EO if a bird is found.  Deck lighting will be 
minimized (if it is safe and practical to do so) to reduce the likelihood of stranding.  Mitigation and
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Table 5.9. Effects assessment on 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, mortality (N) 

 Turn off 
non-essential 

lighting; 
release 

protocols 

1 2 1 1-2 R 2 

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

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

Noise         

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

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

  Seismic Array Disturbance (N) Ramp up 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 1-2 R 1 

Helicopter a Disturbance (N) Maintain 
high altitude 1 1 1 1 R 1 

Presence of Vessels         

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

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

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

Helicopter a, b Disturbance (N) - - - - - - - 

Accidental Spills Injury/Mortality (N) 

Solid 
streamer; 

Spill 
Response 

2 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 5-6 weeks. 
5 = 1,001-10,000 km2        b Effects of helicopters are considered under Noise. 
6 = >10,000 km2   
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monitoring for stranded birds will reduce any effects of attraction to lights to a low magnitude, over a 
geographic extent of 1-10 km2, and for a duration of <3 months (Table 5.9).  Thus effects are predicted 
to be not significant (Table 5.10).  Petro-Canada will acquire a seabird handling permit from the CWS 
prior to the start of the proposed seismic program.  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. 
 
Table 5.10. Significance of potential residual environmental effects of the proposed seismic program 

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 - - 
Noise 

 Array – physical effects NS 3 - - 
 Array – behavioural effects NS 3 - - 

Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 

Picket Vessel NS 3 - - 
  Helicopter  NS 3 - - 

Presence of Vessels     
Seismic Vessel and Streamer NS 3 - - 

Supply Vessel NS 3 - - 
Picket 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    
 
 
5.6.6. Marine Mammals and Sea Turtles 
 
5.6.6.1. Review of Effects of Seismic Sounds 
 
Airguns used during marine seismic operations introduce strong sound impulses into the water (see 
Appendix C for a review of the characteristics of airgun pulses).  The seismic pulses produced by the 
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airguns are directed downward toward the seafloor, insofar as possible; however, energy will propagate 
outward from the source through the water. The airguns could have several types of effects on marine 
mammals and sea turtles and are the principal concern associated with the proposed seismic survey.     
 
To assess the potential effects of the proposed seismic survey on the marine mammals and turtles of the 
Jeanne d’Arc Basin, this section provides the following: (A) a summary of the types of noise effects on 
marine mammals and sea turtles; (B) a description of the hearing abilities of marine mammals and sea 
turtles, (C) a discussion of the potential for masking by seismic surveys, (D) disturbance effects of 
seismic surveys, (E) the possibility of hearing impairment by seismic surveys, (F) the possibility of 
strandings and mortality, and (G) non-auditory physiological effects.   
 
(A) Categories of Noise Effects 
 
The effects of noise on marine mammals are highly variable, and can be categorized as follows (based 
on 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; 

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; 

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. 
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(B) Hearing Abilities of Marine Mammals and Sea Turtles 
 
The hearing abilities of marine mammals are functions of the following (Richardson et al. 1995; Au et 
al. 2000): 
 

1. Absolute hearing threshold at the frequency in question (the level of sound barely audible in 
the absence of ambient noise).  The “best frequency” is the frequency with the lowest 
absolute threshold. 

2. Critical ratio (the signal-to-noise ratio required to detect a sound at a specific frequency in 
the presence of background noise around that frequency). 

3. The ability to localize sound direction at the frequencies under consideration. 

4. The ability to discriminate among sounds of different frequencies and intensities. 
 
Marine mammals rely heavily on the use of underwater sounds to communicate and to gain information 
about their surroundings.  Experiments also show that they hear and may react to many anthropogenic 
sounds including sounds made during seismic exploration.   
 
Toothed Whales.— Hearing abilities of some toothed whales (odontocetes) have been studied in detail 
(reviewed in Chapter 8 of Richardson et al. [1995] and in Au et al. [2000]).  Hearing sensitivity of 
several species has been determined as a function of frequency.  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.  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, Mann et al. (2005) report that a Gervais’ beaked whale showed evoked 
potentials from 5 to 80 kHz, with the best sensitivity at 80 kHz.  
 
Despite the relatively poor sensitivity of small odontocetes at the low frequencies that contribute most of 
the energy in pulses of sound from airgun arrays, the sounds are sufficiently strong that their received 
levels sometimes remain above the hearing thresholds of odontocetes at distances out to several tens of 
kilometers (Richardson and Würsig 1997).  However, there is no evidence that small odontocetes react 
to airgun pulses at such long distances, or even at intermediate distances where sound levels are well 
above the ambient noise level (see below). 
 
Baleen Whales.— The hearing abilities of baleen whales have not been measured directly.  Behavioural 
and anatomical evidence indicates that they hear well at frequencies below 1 kHz (Richardson et al. 
1995; Ketten 2000).  Baleen whales also reacted to sonar sounds at 3.1 kHz and other sources centered 
at 4 kHz (see Richardson et al. 1995 for a review).  Frankel (2005) noted that migrating gray whales 
reacted to a 21–25 kHz whale-finding sonar.  Some baleen whales reacted to pinger sounds up to 28 
kHz, but not to pingers or sonars emitting sounds at 36 kHz or above (Watkins 1986).  In addition, 
baleen whales produce sounds at frequencies up to 8 kHz and, for humpbacks, to > 15 kHz (Au et al. 
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2001).  The anatomy of the baleen whale inner ear seems to be well adapted for detection of low-
frequency sounds (Ketten 1991, 1992, 1994, 2000).  The absolute sound levels that they can detect 
below 1 kHz are probably limited by increasing levels of natural ambient noise at low frequencies.  
Ambient noise energy is higher at low frequencies than at mid frequencies.  At frequencies below 1 kHz, 
natural ambient levels tend to increase with decreasing frequency. 
 
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 to toothed whales.  However, baleen whales have commonly been 
seen well within the distances where seismic sounds would be detectable and yet often show no overt 
reaction to those sounds.  Behavioural responses by baleen whales to seismic pulses have been 
documented, but received levels of pulsed sounds necessary to elicit behavioural reactions are typically 
well above the minimum detectable levels (Malme et al. 1984, 1988; Richardson et al. 1986, 1995; 
McCauley et al. 2000a; Johnson 2002). 
 
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).  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 (hair) seals have better sensitivity at low frequencies (≤ 1 kHz) than do 
odontocetes.  Below 30–50 kHz, the hearing thresholds of most species tested are essentially flat down 
to about 1 kHz, and range between 60 and 85 dB re 1 µPa.  Measurements for a harbor seal indicate that, 
below 1 kHz, its thresholds deteriorate gradually to ~97 dB re 1 µPa at 100 Hz (Kastak and Schusterman 
1998).  The northern elephant seal appears to have better underwater sensitivity than the harbor seal, at 
least at low frequencies (Kastak and Schusterman 1998, 1999). 
 
Sea Turtles.—The limited available data indicate that the frequency range of best hearing sensitivity by 
sea turtles extends from roughly 250–300 Hz to 500–700 Hz (Ridgway et al. 1969; Bartol et al. 1999).  
Sensitivity deteriorates as one moves away from this range to either lower or higher frequencies.  
However, there is some sensitivity to frequencies as low as 60 Hz, and probably as low as 30 Hz.  Thus, 
there is substantial overlap in the frequencies that sea turtles detect vs. the frequencies in airgun pulses.  
Given that, plus the high levels of airgun pulses, sea turtles undoubtedly hear airgun sounds.  We are not 
aware of measurements of the absolute hearing thresholds of any sea turtle to waterborne sounds similar 
to airgun pulses.  Given the high source levels of airgun pulses and the substantial levels even at 
distances many kilometers away from the source, sea turtles probably can hear distant seismic vessels.  
However, in the absence of relevant absolute threshold data, one cannot estimate how far away an airgun 
array might be audible. 
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(C)  Masking Effects of Seismic Surveys  
 
As reviewed above, most energy in sound pulses emitted by seismic airgun arrays is at low frequencies, 
with strongest spectrum levels below 200 Hz, considerably lower spectrum levels above 1000 Hz, and 
smaller amounts of energy emitted up to ~150 kHz.  These low frequencies are mainly used by 
mysticetes, but generally not by odontocetes or pinnipeds.  An industrial sound source will mask--i.e., 
reduce--the effective communication or echolocation distance only if its frequency is close to that of the 
marine mammal signal.  If little or no overlap occurs between the industrial sound and the frequencies 
used by an animal, as in the case of many marine mammals vs. airgun sounds, communication and echo-
location are not expected to be disrupted or masked.  Thus, even loud anthropogenic sounds are 
presumed not to interfere with signaling using frequencies outside the range of the loud sounds.  
Furthermore, the discontinuous nature of seismic pulses makes significant masking effects unlikely even 
for mysticetes. 
 
Masking effects of pulsed sounds on marine mammal calls and other natural sounds are expected to be 
limited, although there are few specific data on this.  The airgun sounds are pulsed, with longer quiet 
periods between the relatively brief pulses; thus, the potential for masking would be brief and 
intermittent in cases where mammal signals overlapped seismic signal frequencies. Some whales are 
known to continue calling in the presence of seismic operations and often can be heard between the 
seismic pulses (e.g., Richardson et al. 1986; McDonald et al. 1995; Greene et al. 1999; Nieukirk et al. 
2004; Smultea et al. 2004).  Although there has been one report that sperm whales ceased calling when 
exposed to pulses from a very distant seismic ship (Bowles et al. 1994), more recent studies reported 
that sperm whales and other smaller odontocetes including porpoises continued calling in the presence 
of seismic pulses (Madsen et al. 2002; Tyack et al. 2003; Smultea et al. 2004; Holst et al. 2006).  
Masking effects of seismic pulses are expected to be negligible in the case of the smaller odontocetes as 
sounds important to them are predominantly at much higher frequencies; furthermore, the seismic 
sounds are intermittent.  However, Wakefield (2001) reported an increase in the mean frequency of 
common dolphin whistles during seismic operations.  It is possible that these animals ceased or changed 
frequencies of calling due to the unfavorable effects of masking.   
 
 Some 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 (Dahlheim 1987; Au 1993; 
Lesage et al. 1999; Terhune 1999; Parks et al. 2005; reviewed in Richardson et al. 1995:233ff, 364ff).  It 
is not known whether other cetaceans would exhibit these types of responses upon exposure to seismic 
sounds.  However, it seems likely that they may do so based on studies involving other pulsed and 
continuous anthropogenic sounds among both mysticetes and odontocetes.  If so, these adaptations, 
along with directional hearing and preadaptation to tolerate some masking by natural sounds 
(Richardson et al. 1995), would all reduce the importance of masking. 
 
Both mysticete and odontocete species have been reported to stop calling in the presence of pile-driving 
sounds, another type of pulsed sound.  A recent study in the Ligurian Sea reported that fin whales 
stopped calling in response to pulsed pile-driving sounds; fin whales were recorded calling before and 
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after (although not immediately after) this activity stopped as well as during the same season of previous 
years (Borsani et al. 2005).  It was hypothesized that pile-driving sounds could potentially mask one out 
of every six fin whale calls if both sources began synchronously; this estimate was based on the inter-
pulse intervals of the pile-driving sounds relative to recorded calls of fin whales and the overlapping 
frequencies (Borsani et al. 2005).  Tougard et al. (2005) reported that harbor porpoises either moved out 
of the area or became silent during pulsed pile-driving operations in the North Sea; they were heard 
again a few hours after the pile driving stopped.    
 
Studies on the effects of vessel noise on masking and vocal behaviour of cetaceans may be of some 
relevance.  Parks et al. (2005) reported both short- and long-term shifts in the call frequencies used by 
North Atlantic right whales in response to increased ambient shipping and other vessel sounds; this 
noise may limit the whales’ effective communication distances (Biedron et al. 2005).  Aguilar et al. 
(2005) estimated that ship noise may reduce maximum sonar detection and communication ranges of 
Cuvier’s beaked whales by 43% and 18%, respectively, effectively reducing the whales’ ability to forage 
by up to 50%.  Van Parijs and Corkeron (2001 in MMS-Alaska 2006) reported that vessel presence can 
affect the acoustic behaviour of dolphins.  Killer whales extended the duration of their calls in the 
presence of whale watching boat traffic, presumably to counteract increasing anthropogenic noise once 
it reached a critical level.  Responses of killer whales to different numbers of vessels were variable and 
differed significantly (Foote et al. 2004; Ashe and Williams 2006 in Dolman and Simmonds 2006).  
Dolman and Simmonds (2006) suggest that in some areas, routinely elevated levels of vessel sounds 
likely impact the ability of marine mammals to communicate effectively and may potentially impact 
their energetics as well.  However, the continuous sound emissions by vessels have proportionally 
higher potential to mask sounds than the brief, intermittent pulsed sounds of airguns.  
 
Masking by both natural and anthropogenic sounds has been reported among pinnipeds, although we are 
not aware of any systematic studies relative to seismic sounds.  Terhune et al. (2005) estimated that 
masking by both ship noise and conspecifics occurs among harp seals recorded in the Gulf of St. 
Lawrence.  Based on empirical received levels of these sounds, they calculated that the functional 
communication range of most harp seals was considerably less than the theoretical maximum range due 
to masking by other nearby calling seals and a ship moving through heavy pack ice.   
 
The aforementioned studies are indicative of the potential negative effects on marine mammals of 
masking caused by anthropogenic underwater sounds.  However, most such studies have involved 
exposure to other types of anthropogenic sounds that are often continuous or nearly continuous, and are 
not seismic pulses.  It is not known whether these types of responses ever occur upon exposure to 
seismic sounds.  Furthermore, there is also the issue that many of the responses to non-seismic sounds, 
especially vessels, are to much more mobile noise sources, and cetaceans may be more responsive to 
normal vessels moving at higher speeds than they are to the slower, active seismic vessels. 
 
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 surveys. 
 
(D)  Disturbance by Seismic Surveys 
 
Disturbance includes a variety of effects, including subtle changes in behaviour, more conspicuous 
dramatic changes in activities, and displacement.  Disturbance is one of the main concerns in this 
project. For many species and situations, we do not have detailed information about their reactions to 
noise, including reactions to seismic pulses.  Behavioural reactions of marine mammals to sound are 
difficult to predict.  Reactions to sound, if any, depend on species, state of maturity, experience, current 
activity, reproductive state, time of day, and many other factors.  If a marine mammal does react to an 
underwater sound by changing its behaviour or moving a small distance, the impacts of the change may 
not be significant to the individual let alone the stock or the species as a whole.  However, if a sound 
source displaces marine mammals from an important feeding or breeding area for a prolonged period, 
impacts on the animals could be significant.  
 
The sound criteria often used to estimate how many marine mammals might be disturbed to some 
biologically-important degree by a seismic program are based on behavioural observations during 
studies of several species.  However, information is lacking for many species.  Detailed, systematic 
studies have been done on humpback, gray and bowhead whales, and on sperm whales.  Less detailed 
data are available (primarily from monitoring studies from seismic ships) for some other species of 
baleen whales, sperm whales, and small toothed whales.  There is little information available for sea 
turtle response to seismic surveys. 
 
Baleen Whales.—Baleen whales tend to avoid operating airguns, but avoidance radii are quite variable.  
Whales often reportedly show no overt reactions to airgun pulses at distances beyond a few kilometers, 
even though the airgun pulses remain well above ambient noise levels out to much longer distances.  
However, baleen whales exposed to strong noise pulses from airguns often react by deviating from their 
normal migration heading and/or interrupting their feeding and moving away.  Studies and reviews on 
this topic include 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; Miller et al. 1999; 2005; Gordon et al. 
2004; and Moulton and Miller in press.  There is also evidence that baleen whales sometimes avoid a 
small airgun source or upon onset of a ramp-up when just one airgun is firing.  Experiments with a 
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single airgun showed that bowhead, humpback and gray whales all showed localized avoidance to a 
single airgun of 20–100 in3 (Malme et al. 1984, 1985, 1986, 1988; Richardson et al. 1986; McCauley et 
al. 1998, 2000a,b).  During a 2004 Caribbean seismic survey with a large airgun array, mean closest 
point of approach (CPA) of large whales during seismic was 1722 m compared to 1539 m during non-
seismic, but sample sizes were small (Smultea et al. 2004; Holst et al. 2006).   
 
Prior to the late 1990s it was thought that bowhead, gray, and humpback whales all begin to show strong 
avoidance reactions to seismic pulses at received levels of ~160 to 170 dB re 1 µPa rms, but that subtle 
behavioural changes sometimes become evident at somewhat lower received levels.  More recent studies 
have shown that some species of baleen whales (bowheads and humpbacks in particular) may show 
strong avoidance at received levels lower than 160–170 dB re 1 µPa rms.  The observed avoidance 
reactions involved movement away from feeding locations or statistically significant deviations in the 
whales’ direction of swimming and/or migration corridor as they approached or passed the sound 
sources.  In the case of migrating 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 remained within the natural boundaries of the migration 
corridors. 
 
Humpback Whales: Responses of humpback whales to seismic surveys have been studied during 
migration and on the summer feeding grounds, and there has also been discussion of effects of seismic 
surveys 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 source level 227 dB re 1 µPa·m (p-p).  Observations 
were made from the seismic vessel from which the maximum viewing distance was listed as 14 km.  
They found localized displacement during that varied with pod composition and behaviour and received 
sound levels.  Avoidance reactions began at 4-5 km from the full-scale seismic array for traveling pods, 
with more sensitive resting pods (cow-calf) having a stand-off range of 7-12 km (McCauley et al. 1998, 
2000a).  Avoidance distances with respect to the single airgun were smaller but consistent with the 
results from the full array in terms of the received sound levels.  Near Exmouth, Western Australia, 
humpback pods consistently made course and speed changes at 4-5 km to avoid the operating seismic 
vessel, standing off at 3-4 km at an estimated received level of 157-164 dB re 1 µPa rms (McCauley et 
al. 2000a).  The 16 approach trials during this study revealed that humpback pods with females 
consistently avoided an approaching single airgun (Bolt 600B, 20 in3 chamber).  Avoidance maneuvers 
were observed before stand-off at ranges from 1.2-4.4 km.  The mean received airgun level for 
avoidance was 140 dB re 1 µPa rms for humpback pods containing females, and the mean stand-off 
range was 143 dB re 1 µPa rms.  One startle response was reported at 112 dB re 1 µPa rms.  While the 
initial avoidance response generally occurred at distances of 5–8 km from the airgun array and 2 km 
from the single airgun, some individual humpback whales, especially males, approached to within 
100-400 m where the maximum received level was 179 dB re 1 µPa rms.  In summary, these studies 
show evidence of greater avoidance of seismic airgun sounds by pods with females (it was unknown in 
the study whether they were pregnant) than other pods during humpback migration off Western 
Australia. 
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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 150–169 dB re 1 µPa.  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 µPa rms.  Although a different sound source, Mobley (in Navy 2005) noted no 
distribution or population changes in humpback whales near Kaua’i during two years of transmissions of 
low-frequency sounds by the North Pacific Acoustics Laboratory.   
 
It has been suggested that South 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 circum-
stantial, subject to alternative explanations (IAGC 2004), and not consistent with results from direct 
studies of humpbacks exposed to seismic surveys in other areas and seasons.  After allowance for data 
from subsequent years, there was “no observable direct correlation” between strandings and seismic 
surveys (IWC 2006). 
 
Bowhead Whales: Bowhead whales on their summering grounds in the Canadian Beaufort Sea showed 
no obvious reactions to pulses from seismic vessels at distances of 6 to 99 km and received sound levels 
of 107-158 dB (rms) (Richardson et al. 1986); their general activities were indistinguishable from those 
of a control group.  Bowheads usually did show strong avoidance responses when seismic vessels 
 approached within a few kilometers (~3-7 km) and when received levels of airgun sounds were 152-178 
dB (Richardson et al. 1986, 1995).  In one case, bowheads engaged in near-bottom feeding began to turn 
away from a 30-gun array with a source level of 248 dB at a distance of 7.5 km, and swam away when it 
came within about 2 km.  Some whales continued feeding until the vessel was 3 km away.  The results 
of a seismic monitoring program conducted in the nearshore waters of the Canadian Beaufort Sea in the 
summers of 2001 and 2002 (Miller and Davis 2002; Miller and Moulton 2003; Miller et al. 2005) 
supports the findings of the aforementioned study.  Lower sighting rates and greater sighting distances 
during periods of seismic operations vs. periods when no guns were operating suggest that bowheads did 
avoid close approach to the area of seismic operations.  However, the still substantial number of 
sightings during seismic periods and the relatively small (600 m) but significant difference in sighting 
distances suggests that the avoidance was localized and relatively small in nature.  Feeding bowhead 
whales tend to tolerate higher sound levels than migrating whales before showing an overt change in 
behaviour.  The feeding whales may be affected by the sounds, but the need to feed may reduce the 
tendency to move away.  
 
Migrating bowhead whales in the Alaskan Beaufort Sea seem more responsive to noise pulses from a 
distant seismic vessel than are summering bowheads.  In 1996-98, a partially-controlled study of the 
effect of Ocean Bottom Cable (OBC) seismic surveys on migrating bowheads was conducted in late 
summer and autumn in the Alaskan Beaufort Sea (Miller et al. 1999; Richardson et al. 1999).  Aerial 
surveys showed that some westward-migrating whales avoided an active seismic survey boat by 
20-30 km, and that few bowheads approached within 20 km.  Received sound levels at those distances 
were only 116-135 dB re 1 µPa (rms).  Some whales apparently began to deflect their migration path 
when still as much as 35 km away from the airguns.  At times when the airguns were not active, many 
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bowheads moved into the area close to the inactive seismic vessel.  Avoidance of the area of seismic 
operations did not persist beyond 12–24 h after seismic shooting stopped.  These and other data suggest 
that migrating bowhead whales are more responsive to seismic pulses than were summering bowheads. 
 
Gray Whales: Reactions of migrating and feeding gray whales (but not wintering) gray whales to 
seismic surveys have been studied.  Malme et al. (1986, 1988) studied the responses of feeding eastern 
gray whales to pulses from a single 100 in3 airgun off St. Lawrence Island in the northern Bering Sea. 
 
They estimated, based on small sample sizes, that 50% of feeding gray whales ceased feeding at an 
average received pressure level of 173 dB re 1 µPa on an (approximate) rms basis, and that 10% of 
feeding whales interrupted feeding at received levels of 163 dB.  Malme at al. (1986) estimated that an 
average pressure level of 173 dB occurred at a range of 2.6–2.8 km from an airgun array with a source 
level of 250 dB (0-pk) in the northern Bering Sea.  These findings were generally consistent with the 
results of experiments conducted on larger numbers of gray whales that were migrating along the 
California coast.  Malme and Miles (1985) concluded that, during migration, changes in swimming 
pattern occurred for received levels of about 160 dB re 1 µPa and higher, on an approximate rms basis.  
The 50% probability of avoidance was estimated to occur at a CPA distance of 2.5 km from a 4000-in³ 
array operating off central California.  This would occur at an average received sound level of about 170 
dB (rms).  Some slight behavioural changes were noted at received sound levels of 140 to 160 dB (rms). 
 
There was no indication that western gray whales exposed to seismic noise were displaced from their 
overall feeding grounds near Sakhalin Island during seismic programs in 1997 (Würsig et al. 1999) and 
in 2001.  However, there were indications of subtle behavioural effects and (in 2001) localized avoid-
ance by some individuals (Johnson 2002; Weller et al. 2002; Weller et al. 2006a,b). 
 
Gray whales in British Columbia exposed to seismic survey sound levels up to about 170 dB re 1 µPa 
did not appear to be disturbed (Bain and Williams 2006).  The small sample size (four sightings) and 
complex topography of the study area prevent any meaningful conclusions from being drawn. 
 
Rorquals:  We are not aware of any information on reactions of Bryde’s whales to seismic surveys.  
However, other species of Balaenoptera (blue, sei, fin, and minke whales) have regularly been reported 
in areas ensonified by airgun pulses in the North Atlantic.  Sightings by observers on seismic vessels off 
the U.K. from 1997 to 2000 suggest that, during times with sea and light conditions conducive to 
sighting cetaceans, the observed numbers of rorquals are similar when airguns are operating or are silent 
(Stone 2003).  Although individual species did not show any significant displacement in relation to 
seismic activity, all baleen whales combined were found to remain significantly farther from the airguns 
during periods when the airguns were active vs. inactive (Stone 2003).  Baleen whale pods sighted from 
the ship were found to be at a median distance of ~1.6 km from the array during shooting and 1.0 km 
during periods without shooting (Stone 2003).  Baleen whales, as a group, made more frequent 
alterations of course (usually away from the vessel) during periods when the airguns were active vs. 
inactive (Stone 2003).  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 (in press) 
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found little or no difference in sighting rates and initial sighting distances of balaenopterid whales when 
airguns were operating vs. inactive.  However, there were indications that these whales were more likely 
to be moving away when seen during airgun operations.   Ship-based monitoring studies offshore 
Newfoundland (Jeanne d’Arc Basin, Orphan Basin, and Laurentian Sub-basin) found little or no 
difference in baleen whale (blue, fin, sei and minke) sighting rates, CPAs, and swim direction during 
seismic vs. non-seismic periods (Lang et al. 2006; Moulton et al. 2005, 2006a,b). 
 
Discussion and Conclusions:  Baleen whales 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 kilometers, even though the airgun pulses remain well above ambient noise levels out to 
much longer distances.  However, studies done since the late 1990s of humpback and especially 
migrating bowhead whales, show that reactions, including avoidance, 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 are biased.  Studies indicate 
monitoring over broader areas may be needed to determine the range of potential effects of some larger 
seismic surveys (Richardson et al. 1999; Bain and Williams 2006; Moore and Angliss 2006). 
 
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 gray, bowhead, and humpback whales have determined that received levels of pulses in the 
160–170 dB re 1 µPa rms 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 4.5 to 
14.5 km from the source.  A substantial proportion of the baleen whales within this distance range may 
show avoidance or other strong disturbance reactions to the operating airgun array.  In the case of 
migrating bowhead whales, avoidance extends to larger distances and lower received sound levels. 
 
Data on short-term reactions (or lack of reactions) of cetaceans to impulsive noises do not necessarily 
provide information about long-term effects.  It is not known whether impulsive noises affect reproductive 
rate or distribution and habitat use in subsequent days or years.  Furthermore, effects likely vary between 
species, location, past exposure to seismic sounds, etc.  In general, among mammals, baleen whales are 
relatively long-lived, mature late, have relatively low reproductive rates, and require high maternal 
investment in young.  This is particularly true for bowhead and right whales.  Thus, the female’s ability 
to provide adequate care to her offspring during a prolonged period of dependency is critical to the 
continued recovery and long-term viability of the population.  These natural history traits support the 
need to avoid certain seasons or locations as addressed in this analysis (Wilson et al. 2006).     
  
Some populations of mysticetes have continued to grow despite increasing anthropogenic activities, 
including seismic activities.  Long-term data on gray whales show that they continue to migrate annually 
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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).  Bowhead whales continued to travel to the 
eastern Beaufort Sea each summer despite seismic exploration in their summer and autumn range for many 
years.  Bowheads were often seen in summering areas where seismic exploration occurred in preceding 
summers (Richardson et al. 1987).  They also have been observed over periods of days or weeks in areas 
repeatedly ensonified by seismic pulses.  However, it is not known whether the same individual bowheads 
were involved in these repeated observations (within and between years) in strongly ensonified areas. 
 
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, and none similar in size and scope to the studies of humpback, 
bowhead, and gray whales.  However, a systematic study on sperm whales is underway (Jochen and 
Biggs 2003; Tyack et al. 2003; Miller et al. 2006), and there is 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 et al. 2005, 2006a,b; Bain and Williams 2006; Holst et al. 2006; 
Lang et al. 2006; Moulton and Miller, in press).  
 
Delphinids and Monodontids:  Seismic operators sometimes see dolphins and other small toothed 
whales near operating airgun arrays, but in general there seems to be a tendency for most delphinids to 
show some limited avoidance of operating seismic vessels, on the order of 1 km or less (e.g., Stone 
2003; Holst et al. 2006; Moulton and Miller in press).  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 inactive (Arnold 1996).  Most, but not all, 
dolphins often seemed to be attracted to the seismic vessel and floats, and some rode the bow wave of 
the seismic vessel regardless of whether the airguns were active.   
 
Goold (1996a,b,c) studied the effects on common dolphins, Delphinus delphis, of 2D seismic surveys in 
the Irish Sea.  Passive acoustic surveys were conducted from the “guard ship” that towed a hydrophone 
180-m aft.  The results indicated that there was a local displacement of dolphins around the seismic 
operation.  However, observations 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). 
 
Observers stationed on seismic vessels operating off the U.K. from 1997–2000 have provided data on 
the occurrence and behaviour of various toothed whales exposed to seismic pulses (Stone 2003; Gordon 
et al. 2004).  Dolphins of various species often showed more evidence of avoidance of operating airgun 
arrays than has been reported previously for small odontocetes.  Sighting rates of white-sided and white-
beaked dolphins (Lagenorhynchus spp.), and all small odontocetes combined were significantly lower 
during airgun operations.  Except for pilot whales, all of the small odontocete species tested, including 
killer whales, were found significantly farther from active large airgun arrays compared with when the 
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arrays were not operating.  Pilot whales showed few reactions to seismic activity.  The displacement of 
the median distance from the array was ~0.5 km or more for most species groups.  Killer whales 
appeared to be more tolerant of seismic pulses in deeper waters.   
 
For all small odontocete species that were sighted during seismic surveys off the U.K. in 1997–2000 
(except pilot whales), the number of positive interactions with the survey vessel (e.g., bow-riding, 
approaching the vessel) were significantly fewer during periods of seismic operations.  When detections 
of all small odontocetes were combined, more negative interactions (e.g., avoidance) were evident 
during seismic periods.  Small odontocetes, including Lagenorhynchus and other dolphin species, tended 
to swim faster during periods with seismic operations; Lagenorhynchus spp. were observed to swim 
slower during periods without seismic sound.  Significantly fewer Lagenorhynchus spp, and pilot whales 
traveled towards the vessel and/or more were traveling away from the vessel during seismic operations. 
 
During two NSF-funded L-DEO seismic surveys using 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).  The mean CPA for 
delphinids for both cruises was significantly farther during seismic (1043 m) than during non-seismic 
(151 m) periods (Mann-Whitney U test, P <0.001).  Surprisingly, during one of these cruises in the SE 
Caribbean, nearly all acoustic detections of odontocetes (including delphinids and sperm whales) were 
made during airgun operations (Smultea et al. 2004).  In contrast, during the second survey off the 
Yucatán Peninsula, Mexico, acoustic detection rates of odontocetes were nearly 5 times higher during 
non-seismic vs. seismic periods (Holst et al. 2005a).   
 
In the northwest Atlantic, ship-based seismic monitoring programs offshore Nova Scotia (Moulton and 
Miller, in press) and Newfoundland (Moulton et al. 2005, 2006a,b) have recorded long-finned pilot 
whales, common, Risso’s, striped, Atlantic-white sided, bottlenose, and white-beaked dolphins during 
periods when airgun arrays were active.  Sighting rates of dolphins were similar during seismic vs. non-
seismic periods but CPAs were typically slightly farther away during periods of airgun operations 
(Moulton et al. 2005, 2006a,b; Moulton and Miller, in press).  
 
Reactions of toothed whales to a single airgun or other small airgun source are not well documented, but 
do not seem to be very substantial (e.g., Stone 2003).  Results from three NSF-funded L-DEO seismic 
surveys using small arrays (up to 3 GI guns and 315 in3) were inconclusive.  During a survey in the 
Eastern Tropical Pacific (Holst et al. 2005b) and in the Northwest 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.  
  
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; 
Finneran and Schlundt 2004).  Finneran et al. (2002) exposed a captive bottlenose dolphin and beluga to 
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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 sound pulses may have to free-ranging animals exposed to multiple pulses.  In any event, the 
animals tolerated high received levels of sound before exhibiting aversive behaviours.  For pooled data 
at 3, 10, and 20 kHz, sound exposure levels during sessions with 25, 50, and 75% altered behaviour 
were 180, 190, and 199 dB re 1 µPa2 · s, respectively (Finneran and Schlundt 2004). 
 
Observations of odontocete responses (or lack of responses) to noise pulses from underwater explosions 
(as opposed to airgun pulses) may be relevant as an indicator 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 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 µPa (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 temporary threshold shift (TTS), 
the tolerance to these charges may indicate a lack of effect; alternatively, failure to move away may 
simply indicate a stronger desire to eat, regardless of circumstances. 
 
Phocinids:  Porpoises, like delphinids, show variable reactions to seismic operations and reactions may 
depend on species.  Calambokidis and Osmek (1998) noted that Dall’s porpoises observed during a 
survey with a 6000 in3, 12–16-airgun array tended to move away from the boat.  In contrast, during a 
small-array survey in Alaska, densities of Dall's porpoise were 2x greater during seismic than during 
non-seismic periods; they also approached closer to the vessel during seismic (622 m) than during non-
seismic (1044 m), though not significantly so (P = 0.16).  Harbor porpoises generally tend to avoid 
seismic vessels.  During seismic surveys off the U.K. in 1997–2000, significantly fewer harbor 
porpoises traveled towards the vessel and/or more were traveling away from the vessel during periods of 
seismic operations (Stone 2003).  However, during both an experimental and a commercial seismic 
survey, Gordon et al. (1998 in Gordon et al. 2004) noted that acoustic contact rates for harbor porpoises 
were similar during seismic and non-seismic periods.   
 
The limited available data suggest that harbor porpoises show stronger avoidance of seismic operations 
than Dall’s porpoises (Stone 2003; Bain and Williams 2006).  In Washington State waters, behavioural 
responses and apparent sensitivity to seismic sounds varied between harbor porpoises and Dall’s 
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porpoises (Bain and Williams 2006).  The harbor porpoise--a high-frequency specialist-- appeared to be 
the species affected by the lowest level of noise (<145 db re 1 µPa rms at a distance > 70 km); however, 
this study was limited by small sample size (Bain and Williams 2006).     
 
Beaked Whales:  There are 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).  It is likely 
that these beaked whales would normally show strong avoidance of an approaching seismic vessel, but 
this has not been documented explicitly.  Northern bottlenose whales sometimes are quite tolerant of 
slow-moving vessels (Reeves et al. 1993; Hooker et al. 2001).  However, those vessels were not emitting 
airgun pulses.  Northern bottlenose whales have been observed from seismic vessels during periods of 
airgun operations (Moulton et al. 2006a,b).  
 
There are increasing indications that some beaked whales tend to strand when naval exercises, including 
sonar operations, are ongoing nearby.  The sound sources that have been coincident with beaked whale 
strandings are predominantly military, mid-frequency sonar (2-10 kHz) (Barlow and Gisiner 2006).  These 
strandings are apparently at least in part a disturbance response, although auditory or other injuries 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.  There was a stranding 
of Cuvier’s beaked whales in the Gulf of California (Mexico) in Sept. 2002 when the Ewing was 
conducting a seismic survey in the general area (e.g., Malakoff 2002).  Another stranding of Cuvier’s 
beaked whales occurred in the Galapagos 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).  The evidence with respect to seismic surveys and beaked whale strandings is inconclusive, and 
NMFS has not established a link between the Gulf of California stranding and the seismic activities 
(Hogarth 2002).  
 
Given the many unknowns with respect to effects of seismic sound on beaked whales, effective 
mitigation is of particular concern.  However, beaked whales are generally difficult to detect, and dive 
deeply and for extended periods; thus, implementing effective mitigation measures is problematic.  
 
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).  Thus, it is to be expected that they would tend to avoid an operating seismic survey 
vessel.  There are some 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 (Bowles et al. 1994).  This “quieting” was suspected to represent a disturbance 
effect, in part because sperm whales exposed to pulsed anthropogenic sounds at higher frequencies often 
cease calling (Watkins and Schevill 1975; Watkins et al. 1985).  Also, there are several accounts of 
possible avoidance or other adverse effects of seismic vessels on sperm whales in the Gulf of Mexico 
(Mate et al. 1994; Johnson et al. 2004; Miller et al. 2006).   
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On the other hand, recent (and more extensive) data from vessel-based monitoring programs in U.K. 
waters suggest that sperm whales in that area show little evidence of avoidance or behavioural 
disruption in the presence of operating seismic vessels (Stone 2003).  These types of observations are 
difficult to interpret because the observers are stationed on or near the seismic vessel, and may under-
estimate reactions by some of the more responsive species or individuals, which may be beyond visual 
range.  However, the U.K. results do seem to show considerable tolerance of seismic surveys by at least 
some sperm whales.  Also, a recent study off northern Norway indicated that sperm whales continued to 
call when exposed to pulses from a distant seismic vessel.  Received levels of the seismic pulses were up  
to 146 dB re 1 µPa pk-pk (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).  In the Gulf of Mexico during two controlled exposure experiments where sperm whales were 
exposed to seismic pulses at received levels 143–148 dB re 1 µPa, there was no indication of avoidance 
of the vessel or changes in feeding efficiency (Tyack et al. 2003).  The received sounds were measured 
on an “rms over octave band with most energy” basis (P. Tyack, pers. comm.); the broadband rms value 
would be somewhat higher.  Although the sample size from the initial work was small (four whales 
during two experiments), the results were consistent with those off northern Norway.  
 
More recent results from the sperm whale tagging studies in the northern Gulf of Mexico have since 
become available (Jochens et al. 2006; Miller et al. 2006).  Among eight tagged sperm whales exposed 
to seismic sounds, neither gross diving behaviour nor direction of movement changed for any of these 
individuals exposed to seismic airgun sounds at the onset of gradual ramp-up at ranges of 7-13 km or 
during full-power exposures ranging from 1.5-12.8 km (Jochens et al. 2006).  However, some changes in 
foraging behaviour were observed that suggested avoidance of deep dives near operating airguns.  
Foraging behaviour was disrupted by airguns at exposure levels ranging from <130-162 dB p-p re 1 µPa 
at distances of roughly 1-12 km from the sound source based on a small sample size (Jochens 2006).  
These results raise questions about the efficacy of ramp-up mitigation and about whether sperm whales 
swim away from oncoming seismic vessels; however, the observations may not be relevant to sperm 
whales in habitats with less historical seismic exploration than the Gulf of Mexico (Jochens et al. 2006).   

 
Conclusions:  Dolphins and porpoises are often seen by observers on active seismic vessels, 
occasionally at close distances (e.g., bowriding).  However, some studies show localized avoidance.  
Belugas summering in the Beaufort Sea tended to avoid waters out to 10–20 km from an operating 
seismic vessel (Miller et al. 2005).  In contrast, recent studies show little evidence of reactions by sperm 
whales to airgun pulses, contrary to earlier indications.   
 
There are no specific data on responses of beaked whales to seismic surveys, but it is likely that most if 
not all species show strong avoidance due to their documented tendency to avoid vessels in general.  
There is increasing evidence that some beaked whales may strand after exposure to strong sonar sounds.  
Whether they ever do so in response to seismic survey noise is unknown.  
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In summary, short-term avoidance behaviour is not likely to cause any negative effects on the well-being 
of odontocetes or other marine mammals.  Furthermore, lack of avoidance is not necessarily a positive 
result if it means that the animals remain in a heavily ensonified area where (if the ship gets close 
enough) there is a possibility of temporary hearing loss or temporary threshold shift TTS (described 
later).  In general, there seems to be a tendency for most odontocetes to show some limited avoidance of 
seismic vessels operating large airgun systems.  
 
Pinnipeds.—Few studies of the reactions of pinnipeds to sounds from open-water seismic exploration 
have been published (for review, see Richardson et al. 1995).  However, pinnipeds have been observed 
during a number of seismic monitoring studies.  Monitoring in the Beaufort Sea during 1996–2002 
provided a substantial amount of information on avoidance responses (or lack thereof) and associated 
behaviour.  Pinnipeds have also been observed during seismic surveys along the U.S. west coast.  Some 
limited data are available on physiological responses of pinnipeds 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 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 has demonstrated short-term changes in the behaviour of harbor 
seals and grey seals exposed to airgun pulses (Thompson et al. 1998).  In this study, harbor seals were 
exposed to seismic pulses from a 90 in3 array (3 × 30 in3 airguns), and behavioural responses differed 
among individuals.  One harbor seal avoided the array at distances up to 2.5 km from the source and 
only resumed foraging dives after seismic stopped.  Another harbor seal exposed to the same small 
airgun array showed no detectable behavioural response, even when the array was within 500 m.  All 
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 all 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 
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vessel and array” (Arnold 1996).  In Puget Sound, sighting distances for harbor 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). 
 
Monitoring work in the Alaskan Beaufort Sea during 1996–2001 provided considerable information 
regarding the behaviour of seals exposed to seismic pulses (Harris et al. 2001b; Moulton and Lawson 
2002).  These seismic projects usually involved arrays of 6–16 airguns with total volumes 560–1500 in3.  
The combined results suggest that some seals avoid the immediate area around seismic vessels.  In most 
survey years, ringed seal sightings tended to be farther away from the seismic vessel when the airguns 
were operating then when they were not (Moulton and Lawson 2002).  However, these avoidance 
movements were relatively small, on the order of 100 m to (at most) a few hundreds of meters, and 
many seals remained within 100–200 m of the trackline as the operating airgun array passed by.  Seal 
sighting rates at the water surface were lower during airgun array operations than during no-airgun 
periods in each survey year except 1997. 
 
The operation of the airgun array had minor and variable effects on the behaviour of seals visible at the 
surface within a few hundred meters of the array (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 2001-02 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 were seen closer to the vessel during non-
seismic than seismic periods.  In contrast, during 2002, sighting rates of seals were 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.     
 
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 indicate that pinnipeds fre-
quently do not avoid the area within a few hundred meters of an operating airgun array.  However, initial 
telemetry work suggests that avoidance and other behavioural reactions may be stronger than evident to 
date from visual studies. 
 
Sea Turtles.—There have been far fewer studies of the effects of airgun noise (or indeed any type of 
noise) on sea turtles than on marine mammals and fish.  Three such studies have focused on short-term 
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behavioural responses of sea turtles in enclosures to single airguns.  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.  We are not aware of any 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.  Results from some recent seismic 
monitoring programs provide some data. 
 
The most recent of the studies of caged sea turtles exposed to airgun pulses was a study by McCauley et 
al. (2000b) off Western Australia.  This is apparently the only such study in which received sound levels 
were estimated carefully.  McCauley et al. (2000b) exposed caged green and loggerhead sea turtles (one 
of each) to pulses from an approaching and then receding 20 in3 airgun operating at 1,500 psi and 5 m 
gun-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 µPa (rms), the turtles noticeably increased their speed of swim-
ming 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 µPa (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. 2000b). 
 
O’Hara and Wilcox (1990) tested the reactions to airguns of loggerhead sea turtles held in a 300 × 45 m 
area of a canal 10 m deep in Florida.  Nine turtles were tested at different times.  The sound source 
consisted of one 10 in3 airgun plus two 0.8 in3 “poppers” operating at 2,000 psi T

4
T and gun-depth 2 m for 

prolonged periods: 20–36 hours in duration.  The turtles maintained a standoff range of about 30 m 
when exposed to airgun pulses every 15 sec or every 7.5 sec.  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. (2000b) estimated that “the level at 
which O’Hara saw avoidance was around 175–176 dB re 1 µPa (rms)”.  The levels received by the 
turtles in the Florida study probably were actually a few dB less than 175–176 dB because the 
calculations by McCauley et al. (2000b) apparently did not allow for the shallow 2 m gun 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 and Burgess 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.  The turtles were held in a 
netted enclosure about 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 5–6 sec.  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 
 
                                                 
4 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. 
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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, although there 
was an indication of slight initial avoidance followed by rapid waning of the avoidance response.  The 
authors described the rapid waning of the avoidance response as “habituation”.  Their auditory study 
indicated that exposure to the airgun pulses may have resulted in temporary hearing impairment (TTS, 
see later section).  Reduced hearing sensitivity may also have contributed to the waning response upon 
continued exposure.  There was some evidence from the physiological measurements of increased stress 
in the sea turtles, but this stress could also have been a result of handling of the turtles. 
 
Inconsistencies in reporting procedures and experimental design prevent direct comparison of Moein’s 
study with either McCauley et al. (2000b) or O’Hara and Wilcox (1990).  Moein et al. (1994) stated, 
without further details, that “three different decibel levels (175, 177, 179) were utilized” during each 
test.  These figures probably are received levels in dB re 1 µPa, and probably relate to the 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 three studies, there is a consistent trend showing that, at some 
received level, sea turtles show avoidance of an operating airgun.  McCauley et al. (2000b) found 
evidence of behavioural responses when the received level from a single small airgun was 166 dB re 
1 µPa rms, and avoidance responses at 175 dB re 1 µPa (rms).  Based on these data, McCauley et al. 
(2000b) estimated that, for a typical airgun array (2,678 in3, 12-elements) operating in 100–120 m water 
depth, sea turtles may exhibit behavioural changes at ~2 km and avoidance around 1 km.  These 
estimates are subject to great variation, depending on the seismic source and local propagation 
conditions. 
 
There have been no specific studies of free-ranging sea turtles exposed to seismic pulses, and potential 
long-term behavioural effects of seismic exposure have not been investigated.  During the L-DEO 
seismic monitoring program in the Eastern Pacific, six sea turtle sightings (two green, two leatherback, 
and two Olive Ridley sea turtles) were made (Smultea and Holst 2003).  Five of these sightings occurred 
during airgun operations (all within 100 m of the seismic ship), and one turtle appeared to react to the 
airguns.  This turtle was initially sighted ~100 m from the bow, floated by the ship to within 10 m of the 
airgun array, and then swam away.   During the L-DEO seismic monitoring program in the Northwest 
Atlantic, 26 sea turtle sightings (25 unidentified and one leatherback sea turtle) were made (Haley and 
Koski 2004).  Nine of the 25 sea turtles seen during seismic periods (one 75 in3 airgun) were actively 
moving away from the vessel.  The 16 other sea turtles did not exhibit avoidance response.   Sea turtles 
were also observed during seismic operations in the SE Caribbean by L-DEO (Smultea et al. 2004).  
Two sea turtles (hawksbill and unidentified sea turtle) were seen between 10-20 m from the 20-airgun 
array.  Both turtles swam vigorously away from the seismic vessel. 
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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 
kilometers (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. 
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 Jeanne d’Arc Basin, 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.   
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(E) Hearing Impairment and Physical and Physiological Effects 
 
Temporary or permanent hearing impairment is a possibility when marine mammals are exposed to very 
strong sounds.  The minimum sound level necessary to cause permanent hearing impairment is higher, 
by a variable and generally unknown amount, than the level that induces barely-detectable Temporary 
Threshold Shift (TTS).  The level associated with the onset of TTS is often considered to be a level 
below which there is no danger of permanent damage.  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 exceeding 180 and 190 dB re 1 µPa (rms), 
respectively (NMFS 2000).  [Note that NMFS is considering alternative criteria—see Federal 
Register/Vol. 70(7): 1871-1875.]  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. 
 
NMFS is presently developing 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, 
differences in the acoustic frequencies to which different marine mammal groups are sensitive, and other 
relevant factors.  For preliminary information about this process, and about the structure of the new 
criteria in marine and terrestrial mammals see Wieting (2004), Miller et al. (2005), NMFS (2005), and 
Southall et al. (2007). 
 
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 
cause hearing impairment.  In addition, many cetaceans are likely to show some avoidance of the area 
with ongoing seismic operations (see above).  In these cases, the avoidance responses of the animals 
themselves will reduce or 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, resonance effects, 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. 
 
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.  TTS can last from minutes or hours to (in cases of 
strong TTS) days.  However, it is a temporary phenomenon, and (especially when mild) is not 
considered to represent physical damage or “injury”.  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. 
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The magnitude of TTS depends on the level and duration of noise exposure, among other considerations 
(Richardson et al. 1995).  For sound exposures at, or somewhat above, the TTS threshold, hearing 
sensitivity recovers rapidly after exposure to the noise ends.  Only a few data on sound levels and 
durations necessary to elicit mild TTS have been obtained for marine mammals, and none of the 
published data concern TTS elicited by exposure to multiple pulses of sound. 
 
Toothed Whales:  Ridgway et al. (1997) and Schlundt et al. (2000) exposed bottlenose dolphins and 
beluga whales to single 1-s pulses of underwater sound.  TTS generally became evident at received 
levels of 192 to 201 dB re 1 µPa rms at 3, 10, 20, and 75 kHz, with no strong relationship between 
frequency and onset of TTS across this range of frequencies.  At 75 kHz, one dolphin exhibited TTS at  
182 dB, and at 0.4 kHz, no dolphin or beluga exhibited TTS after exposure to levels up to 193 dB 
(Schlundt et al. 2000).  There was no evidence of permanent hearing loss; all hearing thresholds returned 
to baseline values at the end of the study. 
 
Finneran et al. (2000) exposed bottlenose dolphins and a beluga whale to single underwater pulses 
designed to generate sounds with pressure waveforms similar to those produced by distant underwater 
explosions.  Pulses were of 5.1 to 13 ms in duration, and the measured frequency spectra showed a lack 
of energy below 1 kHz.  Exposure to those impulses at peak received SPLs (sound pressure levels) of up 
to 221 dB re 1 µPa did not produce temporary threshold shift, although disruption of the animals’ 
trained behaviours occurred.   
 
A similar study was conducted by Finneran et al. (2002) using an 80 in3 water gun, which generated 
impulses with higher peak pressures and total energy fluxes than used in the aforementioned study.  
Water gun impulses were expected to contain proportionally more energy at higher frequencies than 
airgun pulses (Hutchinson and Detrick 1984).  “Masked TTS” (MTTS refers to the fact that 
measurements were obtained under conditions with substantial, but controlled, background noise) was 
observed in a beluga after exposure to a single impulse with peak-to-peak pressure of 226 dB re 1 µPa, 
peak pressure of 160 µPa, and total energy flux of 186 dB re 1 µPa2 · s.  Thresholds returned to within 2 
dB of pre-exposure value ~4 min after exposure.  No MTTS was observed in a bottlenose dolphin 
exposed to one pulse with peak-to-peak pressure of 228 dB re 1 µPa, equivalent to peak pressure 207 
µPa and total energy flux of 188 dB re 1 µPa2 · s (Finneran et al. 2002).  In this study, TTS was defined 
as occurring when there was a 6 dB or larger increase in post-exposure thresholds.  Pulse duration at the 
highest exposure levels, where MTTS became evident in the beluga, was typically 10–13 ms. 
 
The data quoted above all concern exposure of small odontocetes to single pulses of duration 1 s or 
shorter, generally at frequencies higher than the predominant frequencies in airgun pulses.  With single 
short pulses, the TTS threshold appears to be (to a first approximation) a function of the energy content 
of the pulse (Finneran et al. 2002).  The degree to which this generalization holds for other types of 
signals is unclear (Nachtigall et al. 2003).   
 
Finneran et al. (2005) examined the effects of tone duration on TTS in bottlenose dolphins.  Bottlenose 
dolphins were exposed to 3 kHz tones for periods of 1, 2, 4 or 8 s, with hearing tested at 4.5 kHz.  For 
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1-s 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 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 beluga exposed to mid-frequency tones of durations 1-8 s, 
i.e., TTS onset occurs at a near-constant SEL, independent of exposure duration.  That implies that a 
doubling of exposure time results in a 3 dB lower TTS threshold. 
 
Mooney et al. (2005) exposed a bottlenose dolphin to octave-band noise ranging from 4 to 8 kHz at 
SPLs of 160 to 172 dB re 1 µPa for periods of 1.8 to 30 min.  Recovery time depended on the shift and 
frequency, but full recovery always occurred within 40 min (Mooney et al. 2005).  They reported that to 
induce TTS in a bottlenose dolphin, there is an inverse relationship of exposure time and SPL; as a first 
approximation, as exposure time was halved, an increase in noise SPL of 3 dB was required to induce 
the same amount of TTS. 
 
For toothed whales exposed to single short pulses, the TTS threshold appears to be, to a first 
approximation, a function of the energy content of the pulse (Finneran et al. 2002, 2005).  Given the 
available data, the received sound energy level of a single seismic pulse (with no frequency weighting) 
might need to be ~186 dB re 1 µPa2 · s (i.e., 186 dB SEL or ~221–226 dB pk–pk) in order to produce 
brief, mild TTS (Southall et al. 2007).  Exposure to several strong seismic pulses that each have received 
levels near 175–180 dB SEL might result in slight TTS in a small odontocete, assuming the TTS 
threshold is (to a first approximation) a function of the total received pulse energy.  For an odontocete 
closer to the surface, the maximum radius with ≥186 dB SEL or ≥198 dB rms would be smaller.  
However, 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.  At the present state of knowledge, it is necessary to assume that the effect is directly 
related to total energy even though that energy is received in multiple pulses separated by gaps.  
However, 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. 
 
Baleen Whales:  For baleen whales, there are no data, direct or indirect, on levels or properties of sound 
that are required to induce TTS.  The frequencies to which baleen whales are most sensitive are 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 baleen whales.  
 
A marine mammal within a radius of ≤100 m around a typical large 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.  Based on available data, TTS is not expected to occur among baleen whales 
exposed to seismic sound given the strong likelihood that they would avoid an approaching airgun(s) (or 
vessel) before being exposed to levels high enough for there to be any possibility of TTS (NSF and 
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L-DEO 2006a,b; Wilson et al. 2006).  This assumes that mitigation consisting of ramp-up (soft start) 
procedure is used when commencing airgun operations.  It is assumed that this approach provides the 
opportunity for whales near the seismic vessel to move away before they are exposed to sound levels 
that might be strong enough to elicit TTS (Wilson et al. 2006).  However, the effectiveness of this 
procedure has not been empirically studied. 
 
Pinnipeds:  TTS thresholds for pinnipeds exposed to brief pulses (either 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 (rms) of ~178 and 183 dB re 1 µPa and total energy fluxes of 161 
and 163 dB re 1 µPa2 · s (Finneran et al. 2003).  However, evidence from prolonged exposures suggested 
that some pinnipeds may incur TTS at somewhat lower received levels than do small odontocetes 
exposed for similar durations.  For sounds of relatively long duration (20–22 min), Kastak et al. (1999) 
reported that they could induce mild TTS in California sea lions, harbor seals, and northern elephant 
seals by exposing them to underwater octave-band noise at frequencies in the 100–2000 Hz range.  Mild 
TTS became evident when the received levels were 60–75 dB above the respective hearing thresholds, 
i.e., at received levels of about 135–150 dB.  Three of the five subjects showed shifts of ~4.6–4.9 dB 
and all recovered to baseline hearing sensitivity within 24 hours of exposure.   
 
Schusterman et al. (2000) showed that TTS thresholds of these pinnipeds were somewhat lower when 
the animals were exposed to the sound for 40 min than for 20–22 min, confirming that there is a duration 
effect in pinnipeds.  Similarly, Kastak et al. (2005) reported that threshold shift magnitude increased 
with increasing SEL in a California sea lion and harbor seal.  They noted that doubling the exposure 
duration from 25 to 50 min (i.e., (+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 2.9–12.2 dB, with full 
recovery within 24 h (Kastak et al. 2005).  Kastak et al. (2005) suggested that sound exposure levels 
resulting in TTS onset in pinnipeds may range from 183 to 206 dB re 1 µPa2 · s, depending on the 
absolute hearing sensitivity. 
 
There are some indications that, for corresponding durations of sound, the harbor seal may incur TTS at 
somewhat lower received levels than do small odontocetes (Kastak et al. 1999, 2005; Ketten et al. 2001; 
cf. Au et al. 2000).  However, TTS onset in the California sea lion and northern elephant seal may occur 
at a similar sound exposure level as in odontocetes (Kastak et al. 2005). 
 
Sea Turtles:  There have been few studies that have directly investigated hearing or noise-induced 
hearing loss in sea turtles.  
 
Moein et al. (1994) used an evoked potential method to test the hearing of loggerhead sea turtles 
exposed to a few hundred pulses from a single airgun.  Turtle hearing was tested before, within 24 h 
after, and two weeks after exposure to pulses of airgun sound.  Levels of airgun sounds to which the 
turtles were exposed were not specifically reported.  The authors concluded that five turtles (of ~11 
tested) exhibited some change in their hearing sensitivity when tested within 24 h after exposure to 
airgun sound relative to pre-exposure sensitivity, and that hearing had reverted to normal when tested 
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two weeks after exposure.  These results are consistent with the occurrence of TTS upon exposure of the 
turtles to airgun pulses.  The report did not state the size of the airgun used, or the received sound levels 
at various distances.  The distances of the turtles from the airgun were also variable during the tests; the 
turtle was about 30 m from the airgun at the start of each trial, but it could then either approach the 
airgun or move away to a maximum of about 65 m during subsequent airgun pulses.  Thus, the levels of 
airgun sounds that apparently elicited TTS are not known.  Nonetheless, it is noteworthy that there was 
evidence of TTS from exposure to pulses from a single airgun.  However, it may be relevant that these 
turtles were confined and unable to move more than about 65 m away.  Turtles in the open sea might 
move away, and even if they did not move away, turtles near the seismic line would receive only a few 
pulses at near-maximum level as the seismic vessel went by. 
 
Studies with terrestrial reptiles have also demonstrated that exposure to impulse noise can cause hearing 
loss.  Desert tortoises (Gopherus agassizii) exhibit 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 exposures without permanent injury (Bowles et al. 
1999). 
 
The apparent occurrence of Temporary Threshold Shift in loggerhead turtles exposed to many pulses 
from a single airgun ≤65 m away 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. 
 
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. 
 
As shown above, most cetaceans show some degree of avoidance of seismic vessels operating an airgun 
array.  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 or 
above the surface and thus not exposed to strong sound pulses given the pressure-release effect 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. 
 
Some pinnipeds show avoidance reactions to airguns, but their avoidance reactions are not as strong or 
consistent as those of cetaceans (see above).  Pinnipeds occasionally seem to be attracted to operating 
seismic vessels.  As previously noted, there are no specific data on TTS thresholds of pinnipeds exposed 
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to single or multiple low-frequency pulses.  It is not known whether pinnipeds near operating seismic 
vessels, and especially those individuals that linger nearby, would incur significant TTS. 
 
NMFS (1995, 2000) 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 pinnipeds has been set at 
190 dB, although the HESS Team (1999) recommended a 180-dB limit for pinnipeds in California.  The 
180 and 190 dB (rms) levels were not 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 any TTS measurements for marine mammals were available, one could not 
be certain that there would be no injurious effects, auditory or otherwise, to marine mammals.  As 
discussed above, TTS data that have subsequently become available imply that, at least for dolphins, 
TTS is unlikely to occur unless the dolphins are exposed to airgun pulses stronger than 180 dB re 1 µPa 
rms.  Furthermore, it should be noted that mild TTS is not injury, and in fact is a natural phenomenon 
experienced by marine and terrestrial mammals (including humans). 
 
It has been shown that most large whales tend to avoid ships and associated seismic operations.  In 
addition, ramping up airgun arrays, which is standard operational protocol for many seismic operators, 
should allow cetaceans to move away from the seismic source and to avoid being exposed to the full 
acoustic output of the airgun array.  [Three species of baleen whales that have been exposed to pulses 
from single airguns showed avoidance (Malme et al. 1984–1986, 1988; Richardson et al. 1986; 
McCauley et al. 1998, 2000a,b).  This strongly suggests that baleen whales will begin to move away 
during the initial stages of a ramp up, when a single airgun is fired.]  Thus, whales will likely not be 
exposed to high levels of airgun sounds.  Likewise, any whales close to the trackline could move away 
before the sounds from the approaching seismic vessel become sufficiently strong for there to be any 
potential for TTS or other hearing impairment.  Therefore, there is little potential for whales to be close 
enough to an airgun array to experience TTS.  Furthermore, in the event that a few individual cetaceans 
did incur TTS through exposure to airgun sounds, this is a temporary and reversible phenomenon. 
 
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, while in other cases, the animal has an 
impaired ability to hear sounds in specific frequency ranges.  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 times (time required for sound pulse to reach peak pressure from the baseline 
pressure).  Such damage can result in a permanent decrease in functional sensitivity of the hearing 
system at some or all frequencies.  
 
There is no specific evidence that exposure to pulses of airgun sound can cause PTS in any marine 
mammal, even with large arrays of airguns.  However, given the likelihood that some mammals close to 
an airgun array might incur at least mild TTS (see Finneran et al. 2002), there has been speculation 
about the possibility that some individuals occurring very close to airguns might incur TTS (Richardson 
et al. 1995, p. 372ff).  The specific difference between the PTS and TTS thresholds has not been 
measured for marine mammals exposed to any sound type.  When exposure is measured in SEL units 
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Southall et al. (2007) concludes the PTS-onset to TTS-onset offset for marine mammal exposure to 
impulse sound is at least 15 dB.  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 more than 6 dB.   
 
Single or occasional occurrences of mild TTS are not indicative of permanent auditory damage in 
terrestrial mammals.  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.  The low-to-
moderate levels of TTS that have been induced in captive odontocetes and pinnipeds during recent 
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; 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).  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 can result in PTS even though 
their levels are only a few dB higher than the level causing slight TTS.  The rise time of airgun pulses is 
fast, but not nearly as fast as that of explosions, which are the main concern in this regard. 
 
Some factors that contribute to onset of PTS, at least in terrestrial mammals, are as follows: 
 

• exposure to single very intense sound, 
• 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) has 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. 
 
Sound impulse duration, peak amplitude, rise time, and number of pulses are the main factors thought to 
determine the onset and extent of PTS.  Based on existing data, 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.   
 
Given that marine mammals are unlikely to be exposed to received levels of seismic pulses that could 
cause TTS, it is highly unlikely that they would sustain permanent hearing impairment.  If we assume 
that the TTS threshold for exposure to a series of seismic pulses may be on the order of 220 dB re 1 µPa 
(pk-pk) in odontocetes, then the PTS threshold might be as high as 240 dB re 1 µPa (pk-pk) or 10 bar-m.  
Such levels are found only in the immediate vicinity of the largest airguns (Richardson et al. 1995:137; 
 



 

Petro-Canada’s 3-D Seismic Program LGL Limited 
Environmental Assessment Page 209 
 

 

Caldwell and Dragoset 2000).  It is very unlikely that an odontocete would remain within a few meters 
of a large airgun for sufficiently long to incur PTS.  The TTS (and thus PTS) thresholds of baleen 
whales and/or pinnipeds (e.g., harbor seal) may be lower, and thus may extend to a somewhat greater 
distance.  However, 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.  Pinnipeds, on the 
other hand, often do not show strong avoidance of operating airguns. 
 
Although it is unlikely that airgun operations during most seismic surveys would cause PTS in marine 
mammals, caution is warranted given the limited knowledge about noise-induced hearing damage in 
marine mammals, particularly baleen whales.  Commonly applied monitoring and mitigation measures, 
including visual monitoring, ramp-ups, and power-downs of the airguns when mammals are seen within 
the “safety radii”, are expected to minimize the already-low probability of exposure of marine mammals 
to sounds strong enough to potentially induce PTS.   
 
The study by Moein et al. (1994) indicates that sea turtles can experience TTS when exposed to 
moderately strong airgun sounds.  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. 
 
Behavioural avoidance and hearing damage are related.  If sea turtles exhibit little or no behavioural 
avoidance, or if they acclimate to seismic noise to the extent that avoidance reactions cease, sea turtles 
might sustain hearing loss if they are close enough to seismic sources.  
 
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 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 might sustain temporary 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 (PTS).   
 
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.  
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(F)  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).  Airgun 
pulses are less energetic and have slower rise times, and there is no proof that they can cause serious 
injury, death, or stranding.  Recent speculation concerning a possible link between seismic surveys and 
strandings of humpback whales in Brazil (Engel et al. 2004) was not well founded (IAGC 2004; IWC 
2007).  However, the spatiotemporal association of mass strandings of beaked whales with naval 
exercises involving sonar and one L-DEO seismic survey in 2002 has raised the possibility that beaked 
whales may be especially susceptible to injury and/or behavioural reactions that can lead to stranding 
when exposed to strong pulsed sounds.   
 
Of concern for cetaceans, particularly beaked whales, is that tissue damage and live strandings may be 
induced at received sound levels that are lower than had previously been anticipated and, in particular, at 
levels lower than those which induce auditory damage (e.g., reviewed in Dolman and Simmonds 2006).  
While there are no data positively linking seismic sounds with strandings or mortalities of marine 
mammals, there is growing evidence that mid-frequency sonar is associated with certain strandings and 
mortality of beaked whales based on available information.  Although documented strandings and 
mortality of beaked whales exposed to sonar sounds may be related to a variety of factors, it is 
increasingly evident that gas-bubble disease, induced in supersaturated tissue by a behavioural response 
to acoustic exposure, is a probable pathologic mechanism (Cox et al. 2006). 
 
It is important to note that seismic pulses and mid-frequency sonar pulses are quite different.  Sounds 
produced by the types of airgun arrays used to profile sub-sea geological structures are broadband with 
most of the energy below 1 kHz.  Typical military mid-frequency sonars operate at frequencies of 
2-10 kHz, generally with a relatively narrow bandwidth at any one time (though the center frequency 
may change over time).  Because seismic and sonar sounds have considerably different characteristics 
and duty cycles, it is not appropriate to assume that there is a direct connection between the effects of 
military sonar and seismic surveys on marine mammals.   
 
As noted above, in Sept. 2002, there was a stranding of two Cuvier’s beaked whales in the Gulf of 
California (Mexico) when a seismic survey by the R/V Maurice Ewing was underway in the general area 
(Malakoff 2002).  The airgun array in use during that project was the Ewing’s 20-airgun 8490-in3 array.  
This might be a first indication that seismic surveys can have effects, at least on beaked whales, similar 
to the suspected effects of naval sonars.  However, the evidence linking the Gulf of California strandings 
to the seismic surveys was inconclusive, and not based on any physical evidence (Hogarth 2002; Yoder 
2002).  The ship was also operating its MBB sonar at the same time but, as discussed elsewhere, this 
sonar had much less potential than the aforementioned naval sonars to affect beaked whales.  Although 
the link between the Gulf of California strandings and the seismic (plus MBB sonar) survey is 
inconclusive, this plus the various incidents involving beaked whale strandings “associated with” naval 
exercises suggests a need for caution in conducting seismic surveys in areas occupied by beaked whales. 
In summary, there is no conclusive evidence of cetacean strandings as a result of exposure to seismic 
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surveys.  However, evidence that sonar pulses can, in special circumstances, lead directly or indirectly to 
mortality suggests that caution is warranted when dealing with exposure of marine mammals to any 
high-intensity pulsed sound. 
 
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.   
 
(G)  Non-auditory Physiological Effects 
 
Possible types of non-auditory physiological effects or injuries that could theoretically occur in marine 
mammals exposed to strong underwater sound might include stress, neurological effects, bubble 
formation, and other types of organ or tissue damage.  However, studies examining such effects are 
limited.  If any such effects do occur, they would probably be limited to unusual situations.  Those could 
include cases when animals are exposed at close range for unusually long periods, or when the sound is 
strongly channeled with less-than-normal propagation loss, or when dispersal of the animals is 
constrained by shorelines, shallows, etc.  
 
Long-term exposure to anthropogenic noise may have the potential to cause physiological stress that 
could affect the health of individual animals or their reproductive potential, which in turn could (theor-
etically) cause effects at the population level (Gisiner [ed.] 1999; Fair and Becker 2000 in Dolman and 
Simmonds 2006).  Romano et al. (2004) examined the effects of single underwater impulse sounds from 
a seismic water gun (up to 228 dB re 1 µPa peak-to peak pressure) and single pure tones (sound pressure 
level up to 201 dB re 1 µPa) on the nervous and immune systems of a beluga whale 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 hr.  Further information about the occurrence of noise-induced stress 
in marine mammals is not available at this time.  However, responses leading to decreased reproduction, 
immunosuppression, endocrine disruption, and/or adverse behavioural changes have been documented 
in every vertebrate animal that has been examined (e.g., Holberton et al., 1996; Jessop et al., 2003; 
Lankford et al., 2005; Reneerkens et al. 2002 in Dolman and Simmonds 2006).  It is doubtful that any 
single marine mammal would be exposed to strong seismic sounds for sufficiently long that significant 
physiological stress would develop.  This is particularly so in the case of seismic surveys where the 
tracklines are long and/or not closely spaced.  
 
While there is evidence that exposure to high-energy sonar sounds may cause physiological damage to 
tissues and organs, there is no evidence that those types of effects could occur in response to airgun 
sounds.  The only available information on acoustically-mediated bubble growth in marine mammals is 
modeling assuming prolonged exposure to sound.  Crum et al. (2005) tested ex vivo bovine liver, kidney, 
and blood to determine the potential role of short pulses of sound to induce bubble nucleation or 
decompression sickness.  In their experiments, supersaturated bovine tissues and blood showed 
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extensive bubble production when exposed to low-frequency sound.  Exposure to 37 kHz at ~50 µPa 
caused bubble formation in blood and liver tissue, and exposure to three acoustic pulses of 10,000 
cycles, each 1 min, also produced bubbles in kidney tissue.  Crum et al. (2005) speculated that marine 
mammal tissue may be affected in similar ways under such conditions.  However, these results may not 
be directly applicable to free-ranging marine mammals exposed to sonar.  
 
In summary, very little is known about the potential for seismic survey sounds to cause either auditory 
impairment or other non-auditory physical effects in marine mammals or sea turtles.  Available data 
suggest that such effects, if they occur at all, would be limited to short distances.  However, the available 
data do not allow for meaningful quantitative predictions of the numbers (if any) of marine mammals 
that might be affected in these ways.  Marine mammals that show behavioural avoidance of seismic 
vessels, including most baleen whales, some odontocetes, and some pinnipeds, are unlikely to incur 
auditory impairment or other physical effects. 
 
5.6.6.2. Effects of Helicopter Overflights 
 
A crew change may occur via helicopter if the seismic program is longer than 5-6 weeks, depending on 
the contractor.  The 2007 seismic program is anticipated to be 25 days in duration so a helicopter crew 
change may not be necessary.  Helicopters will maintain a regulated flight altitude above sea level 
unless it is necessary to fly lower for safety reasons.  
  
Marine Mammals.— Potential effects of helicopter flights on baleen whales, toothed whales and seals 
are reviewed below. 
 
Baleen Whales:  Baleen whale responses to aircraft (pre-1995 studies) are summarized in Richardson et 
al. (1995), p. 249-252.  Those observations showed that whales often react to aircraft overflights by 
hasty dives, turns, or other changes in behaviour.  Responsiveness depends on the activities and 
situations of the whales (e.g., gray whales; Moore and Clarke 2002).  Whales actively feeding or 
socializing often seem rather non-responsive.  Whales in confined waters or with calves sometimes seem 
more responsive.  In a more recent study, opportunistic observations of bowhead whale responses to a 
Bell 212 helicopter (and Twin Otter fixed-wing aircraft) were acquired during four spring migration 
periods in the Alaskan Beaufort Sea (Patenaude et al. 2002).  The helicopter was found to have 
numerous prominent tones at frequencies up to approximately 340 Hz, with the most prominent peak at 
22 Hz.  Sound levels between the peaks were 10-15 dB above ambient noise levels.  Helicopter 
overflights elicited detectable responses in 14% of 63 bowhead groups. Most observed reactions (abrupt 
dives, breaching, tail slapping, and brief surfacings) by bowheads (63%) to the helicopter occurred when 
it was at altitudes ≤150 m and lateral distances ≤250 m.  In this and other studies, there was no 
indication that single or occasional aircraft overflights cause more than brief behavioural responses. 
 
Toothed Whales:  Toothed whale responses to aircraft (pre-1995 studies) are summarized in Richardson 
et al. (1995), p. 247-248.  Odontocetes reacting to aircraft may dive, slap the water with flippers or 
flukes, or swim away.  The activity of a toothed whale sometimes appears to influence whether or not 
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there is a behavioural response. In more recent studies, Richter et al. (2003) reported that male sperm 
whales off Kaikoura, New Zealand, spent more time at the surface and showed more frequent heading 
changes in the presence of aircraft (small fixed-wing planes and helicopters) involved in whale watching 
activities.  The responses of beluga whales in the Alaskan Beaufort Sea to the noise of a Bell 212 
helicopter (and Twin Otter fixed-wing aircraft) were assessed by Patenaude et al. (2002). Beluga whales 
reacted to the helicopter on 15 of 40 occasions. These reactions included immediate dives, changes in 
heading, changes in behavioural state, and apparent displacements. Reactions occurred more often when 
the helicopter passed at altitudes ≤150 m than when it passed at altitudes >150 m and significantly (p = 
0.004) more often when the helicopter's lateral distance from the whales was ≤250 m versus 250–500 m.  
Beluga whales reacted 50% of the time when the helicopter was stationary on the ice with the engines 
running. In this and other studies, there was no indication that single or occasional aircraft overflights 
cause more than brief behavioural responses in toothed whales. 
 
Seals:  Pinniped response to aircraft (pre-1995 studies) are summarized in Richardson et al. (1995), p. 
243-247.  Pinnipeds hauled out on land or ice seem to be more responsive to overflights than pinnipeds 
in the water.  Born et al. (1999) assessed the responses of ringed seals hauled out on the ice to 
overflights by fixed-wing twin-engine aircraft (Partenavia PN68 Observer) and a helicopter (Bell 206 
III).  Both aircrafts flew over seals at an altitude of 150 m.  Overall, 6% of the seals (total = 5,040) 
escaped (left the ice) as a reaction to the fixed-wing aircraft and 49% of the seals (total = 227) escaped 
as a response to the helicopter.  Some seals seem to habituate to frequent overflights.  Perry et al. (2002) 
assessed the effect of sonic booms from a Concorde supersonic jet on gray (Halichoerus grypus) and 
harbor seals (Phoca vitulina) on Sable Island, Nova Scotia, Canada.  There was no significant difference 
in the behaviour or beach counts of gray and harbor seals before vs. after booms, but harbor seals were 
more vigilant.  The heart rate of gray seal mother and pups did not change significantly after exposure to 
booms, however, harbor seals showed a tendency (non-significant) toward an elevated heart rate.  
Overall, exposure to sonic booms did not substantially affect the breeding behaviour of gray and harbor 
seals.  In this and other studies, there was no indication that single or occasional aircraft overflights 
cause more than brief behavioural responses in pinnipeds. Observations were made of ringed seal 
(Phoca hispida) behaviour in response to industrial noise (pipe-driving, helicopter overflights) at an 
artificial island (Northstar Island) in the Alaskan Beaufort Sea (Blackwell et al. 2004). During 55 h of 
observation, 23 observed ringed seals exhibited little or no reaction to any industrial noise except 
approaching Bell 212 helicopters; 10 seals looked at the helicopter, one seal departed from its basking 
site, and one seal showed no reaction. 
 
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. 
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5.6.6.3. 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 22 to 75-day program (25 days in 2007).  It is anticipated that a supply ship will 
also be on site occasionally.  There is some risk for collision between marine mammals and vessels, but 
given the slow surveying speed (4.5-5 knots) of the seismic vessel (and its picket 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. 252-274.  More recent studies are summarized below. 
 
Baleen Whales.—The responses of North Atlantic right whales in the Bay of Fundy to ships, sounds 
from conspecifics, and a signal designed to alert the whales were monitored using multi-sensor acoustic 
recording tags (Nowacek et al. 2004).  The whales reacted overtly to a signal designed to alert the 
whales to avoid ship strikes; they swam strongly to the surface, likely increasing rather than decreasing 
the risk of collision with ships.  The whales reacted mildly to controlled exposure to sounds of 
conspecifics, but showed no response to controlled sound exposure to ships as well as actual ships 
(Nowacek et al. 2004).  It is thought that right whales, particularly in the Bay of Fundy, may be 
susceptible to collisions with ships as they may have difficulty in locating the direction of the ship 
because of echos off the sea bottom and surface (Terhune and Verboom 1999).  Right whales may swim 
into the acoustic shadow (quietest location usually ahead of the ship at the surface; Blue et al. 2001) of 
an on-coming ship, thus making them more susceptible to collisions (Terhune and Verboom 1999). 
 
Marine mammal monitoring was undertaken from a high-speed, catamaran car ferry transiting the Bay 
of Fundy during the summers of 1998-2002 (Dufault and Davis 2003).  The ferry had no propellers but 
used four water jets for power and sailed at speeds of 40 kts.  The majority of baleen whales (including 
fin, humpback and minke whales) sighted from the ferry appeared to exhibit avoidance behaviour 
including heading away, changing heading, or diving (Dufault and Davis 2003).  Avoidance responses 
were greater for humpback whales than for the other species of baleen whales that were seen. 
 
Au and Green (1997, 2000) concluded that it was unlikely that the sound levels from whale-watching 
vessels would have serious effects on humpback whales in Hawaiian waters.  They found that whale-
watching vessels had source levels only 8 to 10 dB stronger than the level of background humpback 
whale sounds produced at the peak of the whale season (Au and Green 2000).   
 
The vocal activity of humpback whales may change in response to approaches by motor boats.  Two 
humpback whales sang shorter versions of their songs when exposed to engine noise and three 
humpbacks interrupted their songs after the motor boat switched gears but resumed singing when the 
motor was in neutral (Sousa-Lima et al. 2002).  Sample size was small in this study. 
 
The response of humpback whales to whale-watching vessels in Hervey Bay, Australia was monitored 
in 1994 in an attempt to develop design criteria for vessels to minimize disturbance to whales 
 



 

Petro-Canada’s 3-D Seismic Program LGL Limited 
Environmental Assessment Page 215 
 

 

(McCauley and Cato 2001).  It was found that rapid increases in vessel noise produced more responses 
by humpbacks.  The behaviour of southward migrating humpback whales in Hervey Bay in response to 
whale-watching vessels was monitored in 1988 and 1989 (Corkeron 1995).  Whale pods, both with and 
without calves, were more likely to dive rather than slip beneath the water surface when vessels were 
within 300 m of the vessels.  Corkeron indicates that it is uncertain whether short-term behavioural 
changes would be accompanied by longer-term avoidance.  This study provides no information on the 
types of whale-watching vessels and their sound levels. 
 
The influence of whale-watching vessels on the behaviour of migrating (southbound and northbound) 
gray whales in Baja California, Mexico during the winters of 1998 and 1999 (Heckel et al. 2001).  The 
presence of vessels did appear to affect whale swim direction (whale headings were more variable) and 
velocity (became more variable) but results were inconsistent for whales migrating north vs. south.  
Also, a head-on approach by whale-watching boats significantly affected whale swimming direction and 
velocity vs. approaches towards the rear or flanks of the whale. This study provides no information on 
the types of whale-watching vessels and their sound levels.  The authors also identify a small sample 
size, especially for the northbound migrating gray whales, as a potential issue. 
 
Increased vessel traffic (primarily fishing vessels) at two known calving sites for gray whales in the Gulf 
of California, Mexico has been attributed to the absence of whales in recent years (Findley and Vidal 
2002).  Semi-continuous dredging to clear and deepen the channel leading into the bays also likely 
contributed to the abandonment of the area. 
 
Based on a study of fin whale response to a small (4.5 m long) inflatable boat powered by a 25-hp 
outboard engine, Jahoda et al. (2003) recommend that exposure of fin whales (in the Ligurian Sea) to 
vessel traffic, including whale-watching vessels, be carefully monitored.  The study monitored 25 fin 
whales in their feeding ground during approaches by the inflatable boat within 5-10 m, moving with 
sudden speed (0-26 km/h) and directional changes for an hour.  Whales were also monitored before and 
after the sudden approach from distances >200 m and at low speeds (5 km/h).  Fin whales responded to 
the close approach of the boat by apparently ceasing feeding, beginning to travel at increased speed, and 
reducing the amount of time spent on the surface.  One hour after close approach, the fin whales had not 
resumed to pre-disturbance behaviours.  The authors note fin whale response may be, entirely or in part, 
a response to biopsy sampling, which was occurring as well.  No source or received sound levels from 
the inflatable boat were provided. 
 
Toothed Whales.—Reports of sperm whales' reactions to boat noises vary to both extremes, with most 
studies showing little evidence of disturbance. André et al. (1997) were unable to elicit any reaction 
from sperm whales off the Canary Islands in response to playbacks of engine noise (source level of 180 
dB re 1 µPa/Hz, generated from the engine of a 15 m, 19-gross-ton ship traveling at 25 knots) at a 
distance of 100 m from the animals during their investigations to discover a noise that could potentially 
deter sperm whales from ferry routes. Those investigators speculated that the sperm whales they were 
investigating in the Canary Islands may have lost hearing sensitivity to the low frequencies generated by 
ships' engines and propellers because of the heavy marine traffic in the area. As mentioned above, those 
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investigators were successful at eliciting reactions in response to a higher frequency 10-kHz pulse. 
André et al. (2001) presented, in abstract form, the results of an examination of the ears of two sperm 
whales killed after collisions with ferries in the Grand Canary Islands. They found the ears of both 
animals to have reduced auditory nerve volumes (not specified further). In addition, in one animal, the 
inner ear had patches of dense tissue. Those researchers suggested that these results, as confirmed by 
histological analyses, were consistent with auditory nerve degeneration and fibrous growth in response 
to long-term exposure to low-frequency sounds from shipping. These whales are resident in an area of 
heavy marine traffic. Details of this investigation have not been published. 
 
There were 87 sightings of sperm whales during the 1992–1994 GulfCet shipboard surveys in the north 
central and western Gulf of Mexico (Würsig et al. 1998). However, sperm whale reactions were only 
recorded for 15 of those sightings, as the researchers reported that reactions tended to be "non-existent" 
unless the vessel approached the animals within several hundred meters. Of the 15 sightings of sperm 
whales during which responses were recorded, on 11 occasions the sperm whales were reported to have 
exhibited no reaction. During the other four encounters, the sperm whales dove abruptly. All four of 
those occurred within 200 m of the ship. Sperm whales were never reported to approach the survey 
vessel. The authors of that report estimated the sound levels of their survey vessels in the 20–1,000 Hz 
frequency range to be on the order of 120–150 dB re 1 µPa at 200 m and 105-125 dB re 1 µPa at 9-10 
km. These estimates were based not on direct measurements, but on comparisons with supply vessels of 
similar sizes.  
 
A couple of different groups have looked at the effects of whale watching boats on sperm whales. (1) 
Richter et al. (2003) reported that male sperm whales off Kaikoura, New Zealand, had shorter mean and 
median blow intervals in the presence of their research vessel and/or whale watching boats and that the 
sperm whales in that study spent more time at the surface and changed heading more frequently in the 
presence of whale watching boats. Additionally, the whales exhibited a shorter time to first click in the 
presence of boats (defined as the time between when a whale was observed to lift its tail flukes from the 
water to initiate a deep dive and when it was first heard to click during that descent). Resident sperm 
whales, in general, appeared to show fewer reactions and less-pronounced reactions to whale watching 
vessels than did transient animals, suggesting habituation to the disturbance. (2) Sperm whales off the 
Azores were studied using both land- and boat-based observations to assess the effects of whale 
watching boats on those animals, without any clear evidence of disturbance (Magalhães et al. 2002). In 
that study, there were 64 sightings of sperm whales during land-based observations. No changes in 
feeding or socializing/resting behaviours were observed during the 39 sightings when whalewatching 
boats were present. Changes in heading, spatial arrangement, diving patterns, frequencies of aerial 
displays, and swimming speed at times when a whalewatching boat was present versus absent were not 
statistically significant. A whalewatching boat was present during 30 of the 40 boat-based observations 
of sperm whales. Those investigators found significantly higher rates of changes in swimming speed and 
aerial displays when inappropriate maneuvers (including angle of approach, vessel speed, and minimum 
distance of approach) were made by the whalewatching boats. The mean breathing interval of groups of 
mature female and immature whales was significantly longer in the presence of whalewatching boats 
only when they were accompanied by calves and was not affected for groups without calves or for larger 
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individuals. Finally, Gordon et al. (1998) reported that sperm whale calves often approached 
whalewatching boats off Dominica. 
 
Short-term effects of boats on coastal bottlenose dolphins have been documented in several studies, but 
long-term effects are as yet speculative. Janik and Thompson (1996) assessed the surfacing patterns of 
bottlenose dolphins in response to passing boats in the Moray Firth, Scotland, a heavily trafficked area 
connecting the Caledonian Canal with the North Sea. They compared the number of dolphin surfacings 
in the one-minute period prior to a boat passing within 50 m with the number of dolphin surfacings in 
the one-minute period following the boat's passing. Significantly fewer dolphin surfacings were 
observed following a boat passing than prior to a boat passing. However, 22 of their 34 boat-dolphin 
encounters involved the same dolphin-watching boat, which followed the dolphins and tried to stay in 
their vicinity. When the authors analyzed these separately, they found a significant effect of the dolphin-
watching boat on bottlenose dolphin surfacing rate but no significant effect of other boat traffic. 
 
There were 110 sightings of bottlenose dolphins during the shipboard portion of the 1992–1994 GulfCet 
program (Würsig et al. 1998). Reactions to the survey ship were reported for 88 of those encounters. 
Most of the reported reactions were positive, with the dolphins bowriding the vessel during 68 of the 
sightings and merely approaching the vessel on an additional six occasions. For the remaining 14 
sightings, the bottlenose dolphins were reported to have displayed no reaction. No avoidance reactions 
were observed. 
 
Cope et al. (1999) investigated the effects of boat traffic on coastal Atlantic bottlenose dolphins off 
South Carolina. The results of that study, presented in abstract form, suggest significant disturbance 
caused by dolphin-watching boats and motorboats, while kayaks, sailboats, ships, and ferries had no 
apparent effects on dolphin behaviour. Those investigators defined disturbance using four categories: no 
response, change in behaviour, change in direction of movement, and change in both. They found the 
level of disturbance to be significantly correlated with the number of boats present and with boat speed. 
Greater boat speeds resulted in greater numbers of individuals at the surface, while the proportion of 
dolphins feeding and group size and cohesion were lower. Few details were given in this abstract 
presentation. 
 
Scarpaci et al. (2000) made behavioural recordings along with simultaneous acoustic recordings of 
bottlenose dolphins in Port Phillip Bay, Australia, to assess the effects of commercial dolphin-swim 
boats on those animals. Those investigators found that the dolphins whistled at significantly (p = 0.001) 
higher rates in the presence of boats. They suggested that the dolphins may have increased their level of 
whistling to maintain group cohesion in the presence of boats. In another study involving the bottlenose 
dolphins off Port Phillip Bay, Australia, Scarpaci et al. (2001) used focal group observations from land 
to assess the dolphins' responses to boats. They found the dolphins to feed less when vessels were 
present (9.5% of observations) than absent (19.7%). They also noted the proportion of observations of 
social behaviour to be highest when vessels were present. 
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Allen and Read (2000) examined bottlenose dolphin foraging in relation to boat traffic density in one 
heavily trafficked and one rather pristine inshore site along the west central coast of Florida. Although 
boat densities were significantly greater at both sites during the weekend than on weekdays, frequencies 
of dolphin foraging were not significantly different between the two time periods at either site. Habitat 
selection, however, was significantly different between the weekend and weekday periods at the heavily 
trafficked site, with dolphins preferring dredged channels and spoil islands on weekdays whereas their 
weekend distribution was random. Those investigators suggested that the dolphins decreased their use of 
primary foraging habitats when vessel densities were high either to avoid vessels or in response to 
changes in prey densities that resulted from the high density of vessels. 
 
Nowacek et al. (2001) studied the impact of boats on resident bottlenose dolphins in the inshore and 
nearshore waters of the Gulf of Mexico in Sarasota Bay, Florida. They used focal animal observations to 
assess individual responses to experimental boat approaches from a distance of 100 m. Those 
investigators found that those bottlenose dolphins had significantly (p <0.0001) longer interbreath 
intervals during boat approaches than during control periods when no boats were within 100 m and that 
experienced mothers (those with at least one calf ≥3 years of age) had the longest interbreath intervals 
during boat approaches. In addition, closer approaches resulted in significantly (p <0.01) longer 
interbreath intervals, while boat speed and boat type had no effect on interbreath interval. Those 
researchers also used video recording of the animals from an airship to assess subsurface behaviours 
during experimental approaches. They found significantly (p <0.0001) more changes in interanimal 
distance, swimming speed, and heading of bottlenose dolphins during boat approaches than during 
control situations. These changes, for the most part, involved the animals moving closer together, 
swimming faster, and moving out of the path of the approaching boat. Changes in headings and 
interanimal distances were related to water depth, boat type, and boat speed. More changes occurred in 
heading and interanimal distance during slow approaches than during fast approaches, suggesting 
duration of exposure impacted the probability of a reaction. Also, more changes in heading and 
interanimal distance occurred during erratic approaches, suggesting that unpredictability increased the 
likelihood of a reaction. 
 
 In a recent study, the bottlenose dolphins of northern Scotland were found to be more likely to breathe 
in synchrony when boats were present (Hastie et al. 2003). The authors of that report suggested that this 
could be related to an antipredator response, if the dolphins perceived the boats as a threat, or that 
increased synchrony may play a role in social cohesion during times when acoustic communication may 
be masked. 
 
In the Bay of Islands, New Zealand, Constantine et al. (2004) evaluated the effects of dolphin-watching 
boats on bottlenose dolphins. In that study, the dolphins' behaviours were found to vary significantly 
(p <0.0001) with the number of boats present. Resting behaviour seemed to be most affected, decreasing 
with increasing numbers of boats. Resting behaviour was only observed 0.5% of the time when three or 
more boats were present. 
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Ross and Markowitz (2001) studied the reactions of Hawaiian spinner dolphins to boat presence at 
Midway Atoll National Wildlife Refuge using shore-based observations. They compared aerial and 
surface behaviours before the arrival of a boat, during the boat presence, and for 15, 30, and 60 minutes 
after the boat had left at distances of 100, 300, and 500 m. The results of that study, presented in abstract 
form, suggest that aerial and surface behaviours increased within 300 m and 100 m of a boat. This 
immediate increase in the frequencies of these behaviours declined by 60 minutes after the boat had left. 
There were 14 sightings of spinner dolphins during the shipboard portion of the 1992–1994 GulfCet 
program (Würsig et al. 1998). For all 14 of those sightings, the spinner dolphins were reported to have 
been bow riding the survey vessel. No avoidance reactions were observed. There were 177 sightings of 
pantropical spotted dolphins during those shipboard surveys. Response to the survey vessel was reported 
for 165 of those sightings. In general, the responses of spotted dolphins to the survey vessel were 
positive. During 137 (83%) of those encounters, the dolphins were observed bow riding with the vessel 
and for an additional 18 sightings, they were observed approaching the ship. On nine occasions, the 
spotted dolphins did not appear to react to the survey vessel, while there was a single sighting during 
which they exhibited avoidance behaviour. 
 
Reactions of beluga whales to ships and boats are highly variable depending on the circumstances, 
ranging from very tolerant to highly responsive (Richardson et al. 1995).  
 
The effect of vessel noise on beluga whales in the St. Lawrence River estuary, Québec, Canada, was 
assessed by Lesage et al. (1999). They used controlled experiments to record the surface behaviour and 
vocalizations of beluga whales before, during, and after the passing of two different types of boats—an 
outboard motorboat moving rapidly and erratically on an unpredictable course, and a ferry moving 
regularly and slowly through the study area on a predictable route. Noise from the motorboat peaked at a 
frequency of 6 kHz but was strong up to 16 kHz, with a second peak at 11.5 kHz. The noise from the 
ferry, on the other hand, had its greatest sound levels below 6 kHz and its engines generated a tone at 
around 175 Hz. Beluga whales changed their vocalizations in response to both these vessels. Changes 
included the use of higher-frequency vocalizations, a greater redundancy in vocalizations (more calls 
emitted in a series), and a lower calling rate. The lower calling rate persisted for longer during exposure 
to the ferry than to the motorboat. 
 
Investigators attempting to record beluga whale vocalizations off Norway found those whales to be 
surprisingly silent most of the time. The whales were silent during 72% of the recordings when the 
whales were known to be in the vicinity. Those researchers suggested that the relative silence of this 
usually vocal species could be attributed to the presence of the research vessel in an area where whales 
are not accustomed to boat traffic (Karlsen et al. 2002). 
 
Harbor porpoises, in general, tend to show avoidance behaviour toward boats (see Richardson et al. 
1995). Palka (1996) reported that some harbor porpoises showed avoidance reactions at greater than 700 
m from a survey vessel in the Gulf of Maine.  
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Seals.—When in the water (vs. hauled out), seals appear less responsive to approaching vessels.  Some 
seals will approach a vessel out of apparent curiosity, including noisy vessels such as those operating 
airgun arrays (Moulton and Lawson 2002).  Suryan and Harvey (1999) reported that Pacific harbor seals 
(Phoca vitulina richardsi), commonly left the shore when powerboat operators approached to observe 
them.  These seals apparently detected a powerboat at a mean distance of 264 m, and seals left their 
haul-out sites when boats approached to within 144 m. 
 
Sea Turtles.—To the best of our knowledge, there are no systematic data on sea turtle reactions to ships 
and boats but it is thought that response would be minimal relative to responses to seismic sound.    
 
5.6.6.4. Effects of Accidental Spills 
 
All petroleum hydrocarbon handling and reporting procedures on board will be consistent with Petro-
Canada’s policy, and handling and reporting procedures.  In 2007, solid streamers are planned for use in 
the seismic program.  If fluid-filled streamers are used in surveys in 2008-2010, 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 propellor action.  The effects of hydrocarbon spills on marine mammals and sea turtles were 
overviewed in Husky (2000) in Section 5.9.1.3 and 5.9.2.3, respectively and are not repeated here.  
Based on 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 any effects are believed to be sublethal (Husky 2000).  Effects of an Isopar spill on marine mammals 
or sea turtles would be negligible. 
 
5.6.6.5. Effects of Other Project Activities 
 
There is potential for marine mammals and sea turtles to interact with the lights, 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. 
 
5.6.6.6. Application of Effects Assessment  
 
Based on the above review, marine mammals and sea turtles will likely exhibit certain behavioural 
reactions, including displacement from an area around a seismic acoustic source.  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 the 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, and seals 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. 
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Table 5.11. Potential interactions between the Project and (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      
Noise     

  Seismic Vessel x x x x 
  Seismic Array x x x x 
Supply Vessel x x x x 
Picket Vessel x x x x 
  Helicopter b 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 

Helicopters b x x x x 
Shore Facilities c      
Accidental Spills x x x x 
OTHER PROJECTS AND ACTIVITIES 
Hibernia x x x x 
Terra Nova x x x x 
White Rose x x x x 
Exploration 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 5-6 weeks. 
c There will not be any new onshore facilities.  Existing infrastructure will be used. 

 
Noise 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 National Marine 
Fisheries Service (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. An additional criterion that is often used 
in predicting impacts is 160 dB re 1 µPa; 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).  The 180 and 190 dB re 1 µPa (rms) distances for the 
airgun arrays operated by Petro-Canada’s proposed seismic contractor are unknown.  We assume a 
500-m safety zone (or zone around the airgun arrays where marine mammals and sea turtles may 
experience TTS or physical effects from the sound) based upon the C-NLOPB recommendation for a 
marine mammal safety zone (CNOPB 2004).  In the absence of site-specific acoustic modeling, we have 
used the acoustic modelling results in Moulton et al. (2003) to provide guidance on the ranges one might 
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expect sound levels to be 160 dB (from a 24 airgun 4,450 in3 array); it was estimated that 160 dB could 
occur at distances ranging from ~3 to 12 km (varied based on water depth and time of year) from the 
array.  We use the maximum distance of 12 km when estimating disturbance effects on marine 
mammals.  These three noise criteria (160, 180, and 190 dB re 1 µPa (rms)) and the corresponding 
“estimated” distances at which they occur, have been used in this document when assessing impacts 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. 
 
5.6.6.7. Assessment of Effects of Seismic Sound on Marine Mammal VEC 
 
Marine mammal effects assessment is summarized in Table 5.12 and discussed in detail below. 
 
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 kilometers from the source.  There are no toothed whale species listed as endangered by COSEWIC 
that regularly occur in the Study Area, although the harbour porpoise is considered of Special Concern. 
[It is unlikely that Sowerby’s beaked whale, listed as Special Concern, will occur in the Study Area 
given its preference for deeper waters.]  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 is a more realistic indicator of the area within which disturbance is likely 
(see Appendix C). 
 
Hearing Impairment and Physical Effects:  Given that whales typically avoid seismic noise, whales in 
and near the Project Area will likely not be exposed to levels of sound from the airgun array 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 seismic activity.  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”.  
The Proponent’s seismic program is predicted to have negligible to low physical impacts on toothed 
whales, over a duration of <1 month or 1-12 months (approximately 22-75 days), in an area <1 km2 
(Table 5.12).  Therefore, auditory and physical impacts on toothed whales would be not significant 
(Table 5.13). 
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Table 5.12. Effects assessment on marine mammal VEC. 
 

VALUED ECOSYSTEM COMPONENTS:  MARINE MAMMALS 

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 

Noise         

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

  Seismic Array Physical Effects (N) 
Ramp-up; 

Delay Start; 
Shutdown a 

0-1 1 1 1-2 R 1 

  Seismic Array Disturbance (N) 
Ramp-up; 

Delay Start; 
Shutdown a 

1 3-4 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 1-2 R 1 

  Helicopter b Disturbance (N)  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 1-2 R 1 

Helicopter b  Disturbance (N) Maintain high 
altitude 0-1 1-2 1 1 R 1 

Accidental Spills Injury/Mortality (N) Solid streamer; 
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 5-6 weeks.  
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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 - - 
Noise 

 Array – physical effects NS 3 - - 
 Array – behavioural effects NS 3 - - 

Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 

Picket Vessel NS 3 - - 
  Helicopter  NS 3 - - 

Presence of Vessels     
Seismic Vessel and Streamer NS 3 - - 

Supply Vessel NS 3 - - 
Picket 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    

 
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.  
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It is uncertain how many toothed whales may occur in the Study Area (May to December). The Study 
Area is not known to be an important feeding or breeding areas for toothed whales.  Disturbance effects 
from seismic on toothed whales would likely be low, over a <1 month or 1-12 months (approximately 
22-75 days), in an area of 11-100 or 101-1,000 km2 (Table 5.12). Therefore, impacts 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 and over a small portion of a whale’s foraging range within the Project 
Area. Potential impacts 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 listed as 
endangered by COSEWIC and that may occur in and near the Project Area (blue whales) and those 
listed as special concern by COSEWIC that occur in relatively high numbers when operations will occur 
(fin whales). As with toothed whales, the 180 dB re 1 µPa (rms) criteria is used when estimating the area 
where hearing impairment may occur for all species of 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 avoid seismic noise, 
baleen whales, including blue and fin 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.  If a blue whale (or 
North Atlantic right whale—very unlikely to occur in Project Area) is sighted within 500 m of the 
seismic array when the airguns are active, the array will be shutdown.  Therefore, there is little potential 
for baleen whales, including blue whales, being close enough to the array to experience hearing 
impairment. If some whales did experience TTS, the effects would likely be quite “temporary”.  The 
Proponent’s seismic program is predicted to have negligible to low physical impacts on baleen whales, 
over a duration of <1 month or 1-12 months (approximately 22-75 days), in an area <1 km2 (Table 5.12).   
Therefore, auditory and physical impacts 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.  Known effects may 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 11-100 or 101-1,000 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 
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• 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 
activity is most likely to occur (May to December). The Project Area is not known to be important 
feeding or breeding areas for baleen whales and blue whales are not known to concentrate in the area.  
Disturbance effects on species of baleen whales, including blue and fin whales, would likely be low, 
over a duration of <1 month or 1-12 months (approximately 22-75 days), in an area of 11-100 or 101-
1,000-km2(Table 5.12). Therefore, impacts 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 and over a small portion of a whale’s 
foraging range within the seismic area. Potential impacts of reduced prey availability on baleen whales, 
including those species considered at risk by COSEWIC, are predicted to be negligible. 
 
Seals.—None of the species of seal that occur within the Study Area are considered at risk by 
COSEWIC.   Seals are not expected to be abundant within the Study Area, particularly in the time 
period when seismic operations will likely occur (summer, early fall). 
 
Hearing Impairment and Physical Effects:  Given that seals typically avoid the immediate area around a 
seismic array, seals, primarily harp and hooded seals, will likely not be exposed to levels of sound from 
the airgun array high enough to cause non-auditory physical effects or hearing impairment.  The 
mitigative 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 any 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 little 
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”.  The Proponent’s seismic program is 
predicted to have negligible to low physical impacts on seals, over a duration of <1 month or 1-12 
months (approximately 22-75 days), in an area <1 km2 (Table 5.12).  Therefore, auditory and physical 
impacts 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 activity is most likely to occur (summer, early fall). Most harp and hooded seals would be in 
arctic waters at this time of year.  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 
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impact at 11-100 or 101-1,000 km2.  This estimated area around the seismic vessel would be ensonified 
at 160 dB for ~22-75 days; duration of <1 month or 1-12 months. The Proponent’s proposed seismic 
program is predicted to have low disturbance impacts on seals (Table 5.12). Therefore, impacts related 
to disturbance, are judged to be not significant for seals (Table 5.13).  
 
Prey Species:  It is unlikely that prey species for seals will be impacted by seismic activities to a degree 
that inhibits the foraging success of seals. If prey species exhibit avoidance of the seismic ship it will 
likely be transitory in nature 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. 
 
5.6.6.8. Assessment of Effects of Seismic Sound on Sea Turtle VEC 
 
Effects assessment for sea turtles is summarized in Table 5.14. 
 
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. 
 
[Also, it is unlikely that many sea turtles will occur in the Study Area.]  Therefore, there is likely little 
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”. The Proponent’s seismic program is 
predicted to have negligible to low physical impacts on sea turtles, over a duration of <1 month or 1-12 
months (approximately 22-75 days), in an area <1 km2 (Table 5.14). Therefore, auditory and physical 
impacts 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 and it is not an area known for sea 
turtles.  If sea turtles did occur near the seismic vessel, it is likely that sea turtles would exhibit 
avoidance within a localized area around the seismic vessel. Based on observations of green and 
loggerhead sea turtles, behavioural avoidance may occur at received sound levels of 166 dB re µPa rms. 
The area where displacement would most likely occur would have a scale of impact at 11-100 km2.  This 
estimated area around the seismic vessel would be ensonified at 166 dB for ~22-75 days. The 
Proponent’s seismic program is predicted to have low disturbance effects on sea turtles, over a duration 
of <1 month or 1-12 months (approximately 22-75 days), in an area 11-100 km2 (Table 5.14). Therefore, 
impacts related to disturbance, are judged to be not significant for sea turtles (Table 5.15).  
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Table 5.14 Effects assessment on 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 

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

  Seismic Array Physical Effects (N) 
Ramp-up; 

Delay Start; 
Shutdown a 

0-1 1 1 1-2 R 1 

  Seismic Array Disturbance (N) 
Ramp-up; 

Delay Start; 
Shutdown a 

1 3 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 1-2 R 1 
  Helicopter b Disturbance (N)  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 1-2 R 1 

Helicopter b  Disturbance (N) Maintain 
high altitude 0 1-2 1 1 R 1 

Accidental Spills Injury/Mortality (N) 

Solid 
streamers; 

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 5-6 weeks.  
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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 - - 
Noise 

 Array – physical effects NS 3 - - 
 Array – behavioural effects NS 3 - - 

Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 

Picket Vessel NS 3 - - 
  Helicopter  NS 3 - - 

Presence of Vessels     
Seismic Vessel and Streamer NS 3 - - 

Supply Vessel NS 3 - - 
Picket 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    
 
Prey Species:  Leatherback sea turtles, listed as endangered by COSEWIC, are expected to feed 
primarily on jellyfish.  It is unknown how jellyfish react to seismic noise, 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 impacts of reduced prey availability are 
predicted to be negligible. 
 
5.6.7. 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 4.8.  No critical habitat has been defined for the 
Study Area.  As discussed in previous sections and presented in Table 4.22, SARA/COSEWIC species of 
relevance to the Study Area include: 
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• Wolffish  
• Ivory Gull 
• Blue whale, fin whale 
• Leatherback sea turtle 
 

Species not currently listed (see Table 4.22) 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 5.6.3 (Fish) and 5.6.6 (Marine Mammals and Sea Turtles) of this EA.  If 
species not currently listed on Schedule 1 of SARA do become listed on this legal list during the 
remainder of the life of the Project (2008-2010), 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. 
 
As per the detailed effects assessment contained in Section 5.6.3 and shown again in Tables 5.16-5.18, 
physical effects of the Project on the various life stages of wolffish will range from negligible to low 
over a duration of <1 month to 1-12 months, within an area of <1 km2.  Behavioural effects may extend 
out to a larger area but are still predicted to be not significant.  The mitigation measure of ramping up 
the airgun array (over a 30 min period) is expected to minimize the potential for impacts on wolffish.  
The water depths in the Study Area are shallower than the known preferred water depths that wolffish 
typically inhabit.  
 
As per the detailed effects assessment in Section 5.6.5, 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.  Furthermore, Ivory Gulls are not known to be sensitive 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, blue whales and 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 blue whales have been made in the Study Area and there have been two reported 
sightings of leatherback sea turtles (see Section 4.8).  Fin whales, listed as Special Concern, are expected 
to occur regularly in the Study Area, particularly during summer months.  There are no available 
recovery strategies or action plans in place for marine mammals in Atlantic Canada.  A recovery 
strategy for leatherback sea turtles is available (ALTRT 2006).  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; 
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• monitoring by a MMO (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 5.6.6, the 
Project is predicted to have no significant effect (physical or behavioural) on including blue whales, fin 
whales, or leatherback sea turtles. 
 
In summary, potential effects of the proposed 3-D seismic program are not expected to contravene the 
prohibitions of SARA (Sections 32(1), 33, 58(1)).   
 
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, Fin Whales LeatherbackTurtle
Vessel Lights x x   
Sanitary/Domestic Waste x x x x 
Air Emissions x x x x 
Garbage a      
Noise     

  Seismic Vessel x x x x 
  Seismic Array x x x x 
Supply Vessel x x x x 
Picket Vessel x x x x 
  Helicopter b 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 

Helicopters b  x x x 
Shore Facilities c      
Accidental Spills x x x x 
OTHER PROJECTS AND ACTIVITIES 
Hibernia x x x x 
Terra Nova x x x x 
White Rose x x x x 
Exploration 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 5-6 weeks. 
c There will not be any new onshore facilities.  Existing infrastructure will be used. 
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Table 5.17. Effects assessment on Species At Risk VEC. 
 

VALUED ECOSYSTEM COMPONENTS:  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 

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

Noise         

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

  Seismic Array Physical Effects (N) 
Ramp-up;  

Delay Starta; 
Shutdown b 

0-1 1 1 1-2 R 1 

  Seismic Array Disturbance (N) 
Ramp-up; 

Delay Starta; 
Shutdown b 

0-1 3-4 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 1-2 R 1 

  Helicopter b Disturbance (N) Maintain high 
altitude 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 1-2 R 1 

Helicopter c  Disturbance (N) Maintain high 
altitude 0 1-2 1 1 R 1 

Accidental Spills Injury/Mortality (N) Solid Streamer; 
Spill Response 1-2 1-2 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 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  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 5-6 weeks.  
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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 – physical effects NS 3 - - 
 Array – behavioural effects NS 3 - - 

Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 

Picket Vessel NS 3 - - 
  Helicopter  NS 3 - - 

Presence of Vessels     
Seismic Vessel and Streamer NS 3 - - 

Supply Vessel NS 3 - - 
Picket 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    
 
5.7. 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 Petro-Canada seismic survey 
activities in Project Area. 
 
It is also necessary to assess cumulative effects from other activities outside the Project that are planned 
for the area.  These activities may include: 
 

• Commercial fishing [Note that there are no recreational or aboriginal fisheries in Jeanne 
d’Arc Basin.] 

• Vessel traffic (e.g., transportation, defense, yachts)  
• Hunting (e.g., seabirds, seals) 
• Offshore oil and gas industry 
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Commercial fishing has been discussed and assessed in detail in Section 5.6.4.  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 
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. 
 
In the summer, the main North Atlantic shipping lanes between Europe and North America lie to the 
north of the Grand Banks into the Strait of Belle Isle.  In the winter, that traffic shifts to the main 
shipping lanes along the southern Grand Banks into the Gulf of St. Lawrence.  Thus, potential for 
cumulative effects with other shipping is predicted to be negligible to low. 
 
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 inshore of the Project Area 
 
Offshore oil and gas industry 2007 projects listed on the C-NLOPB public registry (www.cnlopb.nl.ca 
as viewed 8 February 2007) include: 

 
• Canada/Greenland 2006 2-D Marine Seismic Survey (TGS-NOPEC) 
• Jeanne d’Arc Basin 3-D Seismic Program (Husky Energy) 
• Orphan Basin controlled source electromagnetic (CSEM) Program (ExxonMobil Canada Ltd.) 
• White Rose New Drill Centre Construction and Operations Program (Husky Energy) 
• Terra Nova Vertical Seismic Profiling (Petro-Canada) 
 

In addition, 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 included 
within the boarders of the proposed 2007 Project Area., they are within the range of activities that have 
occurred on the Grand Banks over the last 10 years.  Any cumulative effects (i.e., disturbance), if they 
occur, will be additive (not multiplicative or synergistic) and predicted to be not significant. 
 
There is potential for cumulative effects with the Husky Energy Jeanne d’Arc Basin 3-D Seismic 
Program and ExxonMobil Canada Orphan Basin CSEM Program, which have the potential to overlap in 
time and, potentially in space, if animals in both areas receive sound from more than one program at a 
time.  Nonetheless, the two surveys will have to be far enough apart at any given time so as not to 
interfere with each other’s data quality.  As discussed in Buchanan et al. (2004) and reviewed in this EA, 
significant negative effects on key sensitive VECs such as marine mammals appear unlikely beyond a 
localized area from the sound source (it is this zone upon which the mitigation measures are based).  In 
addition, all programs will use mitigation measures such as ramp-ups, delayed start ups, and shutdowns 
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of the airgun arrays.  Thus, it seems likely that while some animals may receive sound from one or more 
seismic programs in 2007, the current scientific prediction is it that no significant residual effects will 
result. 
 
5.8. Summary of 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.  Petro-Canada and contractors will adhere to 
mitigations detailed in Appendix 2 of the C-NOPB Geophysical, Geological, Environmental and 
Geotechnical Program Guidelines (April 2004). 
 
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 
retrieved and retained if it is safe to do so in the opinion of the vessel’s master.  Petro-Canada will 
advise the C-NLOPB prior to compensating and settling all valid lost gear/income claims promptly and 
satisfactorily. 
 
Table 5.19. Summary of mitigation measures. 
 
Potential Effects Primary Mitigations 
Interference with fishing vessels Upfront planning to avoid high concentrations of fishing 

vessels; SPOC; advisories and communications; FLOs; 
picket vessels; planned transit route to Survey Area 

Fishing gear damage Upfront planning to avoid high concentrations of fishing 
gear; SPOC; advisories and communications; FLOs; picket 
vessels; compensation program; planned transit route to 
Survey Area 

Interference with shipping SPOC; advisories and communications; FLOs; picket vessels 
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 
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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 
• 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 
• Single Point of Contact (SPOC) 

 
Petro-Canada will also coordinate with Fisheries and Oceans, 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 fired 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) whale 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 whales 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 reported 
immediately 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 Petro-Canada 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 (solid streamers will be used in 2007), a report will immediately 
be filed with C-NLOPB and the need for follow-up monitoring assessed. 
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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. 
 
5.9. Summary of Residual Effects 
 
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. 
 
Table 5.20. Significance of potential residual environmental effects of the proposed seismic program 

on VECs in the Study Area. 
 

Valued Ecosystem Component: Fish, Fisheries, Birds, Turtles, 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 - - 
Noise 

 Array – physical effects NS 3 - - 
 Array – behavioural effects NS 3 - - 

Seismic Vessel NS 3 - - 
Supply Vessel NS 3 - - 

Picket Vessel NS 3 - - 
  Helicopter  NS 3 - - 

Presence of Vessels     
Seismic Vessel and Streamer NS 3 - - 

Supply Vessel NS 3 - - 
Picket 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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Appendix A: Monthly Wind Roses 
 
 

Monthly Wind Roses for AES-40 Grid Point 5622 
 

Latitude 46.875 °N, Longitude 48.333° W 
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Table A.1.  Percentage Occurrence of Wind Speed by Direction for January. 
 
 
 
 

January
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 1.08 0.95 1.19 1.48 1.87 1.71 1.16 1.16 10.61
5.0 - < 10.0 2.27 2.05 2.65 3.89 6.4 8.31 6.55 2.89 35
10.0 - < 15.0 0.85 1.23 2.31 4.02 5.94 13.15 6.94 2.16 36.58
15.0 - < 20.0 0.35 0.39 1.11 2.13 3.08 4.76 2.35 0.61 14.79
20.0 - < 25.0 0.02 0.06 0.13 0.37 0.47 1.08 0.55 0.18 2.85
25.0 - < 30.0 0 0 0 0.02 0.03 0.1 0.02 0 0.16
30.0 - < 35.0 0 0 0 0 0 0 0 0 0

Totals 4.58 4.68 7.39 11.9 17.79 29.1 17.56 7 100
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
 
 
 

 
 
 
Figure A.1.  Wind Rose for January. 
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Table A.2.  Percentage Occurrence of Wind Speed by Direction for February. 
 
 
 
 

February
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 0.92 1.2 0.94 1.4 1.57 1.47 1.49 1.01 10
5.0 - < 10.0 2.49 2.28 3.27 4.09 5.84 7.98 6.05 3.66 35.67
10.0 - < 15.0 1.42 1.66 2.99 3.77 5.87 11.64 7.45 2.26 37.07
15.0 - < 20.0 0.32 0.39 0.97 1.98 2.11 4.85 2.92 0.69 14.23
20.0 - < 25.0 0.11 0.05 0.14 0.35 0.44 0.9 0.57 0.12 2.69
25.0 - < 30.0 0.02 0 0.02 0.02 0.05 0.11 0.07 0.05 0.34
30.0 - < 35.0 0 0 0 0 0.02 0 0 0 0.02

Totals 5.27 5.59 8.33 11.61 15.91 26.95 18.54 7.8 100
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
 
 
 

 
 
 
Figure A.2.  Wind Rose for February. 
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Table A.3.  Percentage Occurrence of Wind Speed by Direction for March. 
 
 
 
 

March
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 1.39 1.68 1.39 2.11 2.21 1.95 1.94 1.71 14.37
5.0 - < 10.0 3.32 2.71 3.23 4.16 7.1 8.16 6.13 4.61 39.42
10.0 - < 15.0 2.16 1.66 2.32 4.37 5.47 8.9 6.47 3.45 34.81
15.0 - < 20.0 0.6 0.47 0.65 1.55 1.82 3 1.52 0.87 10.47
20.0 - < 25.0 0.11 0.02 0.03 0.1 0.15 0.24 0.15 0.1 0.89
25.0 - < 30.0 0 0 0 0 0 0 0.02 0.03 0.05
30.0 - < 35.0 0 0 0 0 0 0 0 0 0

Totals 7.58 6.53 7.61 12.29 16.74 22.26 16.21 10.77 100
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
 
 
 

 
 
 
Figure A.3.  Wind Rose for March. 
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Table A.4.  Percentage Occurrence of Wind Speed by Direction for April. 
 
 
 
 

April
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 2.2 2.45 2.92 2.72 3.83 3.2 2.38 2.4 22.1
5.0 - < 10.0 3.28 4.05 5.1 5.93 9.32 9.08 6.22 4.15 47.13
10.0 - < 15.0 1.6 1.3 2.12 3.3 5.55 4.6 4.5 2.45 25.42
15.0 - < 20.0 0.28 0.28 0.28 0.78 0.68 1.02 1 0.57 4.9
20.0 - < 25.0 0.08 0.02 0.02 0.02 0.02 0.08 0.08 0.12 0.43
25.0 - < 30.0 0 0 0 0.02 0 0 0 0 0.02
30.0 - < 35.0 0 0 0 0 0 0 0 0 0

Totals 7.45 8.1 10.43 12.77 19.4 17.98 14.18 9.68 100
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
 
 
 

 
 
 
Figure A.4.  Wind Rose for April. 
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Table A.5.  Percentage Occurrence of Wind Speed by Direction for May. 
 
 
 
 

May
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 3.37 2.92 3.48 4.77 5.82 4.37 3.23 2.73 30.69
5.0 - < 10.0 3.37 3.11 3.89 8.39 11.31 9.16 6.24 4.42 49.89
10.0 - < 15.0 1.05 0.79 0.92 2.52 4.39 3.29 2.39 2.02 17.35
15.0 - < 20.0 0.03 0.1 0.06 0.4 0.52 0.31 0.37 0.18 1.97
20.0 - < 25.0 0 0 0 0 0.02 0 0.06 0.02 0.1
25.0 - < 30.0 0 0 0 0 0 0 0 0 0
30.0 - < 35.0 0 0 0 0 0 0 0 0 0

Totals 7.82 6.92 8.35 16.08 22.05 17.13 12.29 9.35 100
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
 
 
 

 
 
 
Figure A.5.  Wind Rose for May. 
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Table A.6.  Percentage Occurrence of Wind Speed by Direction for June. 
 
 
 
 

June
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 2.22 2.25 3.78 5.32 7.7 5.97 3.28 2.95 33.47
5.0 - < 10.0 1.87 2.08 2.6 8.62 19.43 9.02 4.93 3.4 51.95
10.0 - < 15.0 0.47 0.28 0.62 2.68 6.05 2.02 0.92 0.72 13.75
15.0 - < 20.0 0.02 0.05 0.08 0.2 0.22 0.12 0.1 0.02 0.8
20.0 - < 25.0 0 0 0 0 0 0.02 0.02 0 0.03
25.0 - < 30.0 0 0 0 0 0 0 0 0 0
30.0 - < 35.0 0 0 0 0 0 0 0 0 0

Totals 4.57 4.67 7.08 16.82 33.4 17.13 9.25 7.08 100
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
 
 
 

 
 
 
Figure A.6. Wind Rose for June. 
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Table A.7.  Percentage Occurrence of Wind Speed by Direction for July. 
 
 
 
 

July
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 1.65 1.9 3.06 7.27 10.61 6.42 3.1 1.87 35.89
5.0 - < 10.0 1.11 1.03 2.84 11.26 26.31 8.4 2.37 1.61 54.94
10.0 - < 15.0 0.11 0.1 0.39 2.21 3.74 1.27 0.65 0.21 8.68
15.0 - < 20.0 0.03 0.02 0.03 0.24 0.08 0.02 0.06 0 0.48
20.0 - < 25.0 0 0 0 0 0.02 0 0 0 0.02
25.0 - < 30.0 0 0 0 0 0 0 0 0 0
30.0 - < 35.0 0 0 0 0 0 0 0 0 0

Totals 2.9 3.05 6.32 20.98 40.76 16.11 6.18 3.69 100
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
 
 
 

 
 
 
Figure A.7.  Wind Rose for July. 
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Table A.8.  Percentage Occurrence of Wind Speed by Direction for August. 
 
 
 
 

August
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 1.68 2.08 4 6.23 8.16 6.34 3.4 2.48 34.37
5.0 - < 10.0 2.03 1.16 2.95 10.06 19.85 10 3.87 3.05 52.98
10.0 - < 15.0 0.55 0.24 0.53 2.31 4.18 1.98 1.13 0.6 11.52
15.0 - < 20.0 0.1 0.05 0.08 0.13 0.26 0.19 0.15 0.13 1.08
20.0 - < 25.0 0 0 0 0.02 0 0 0 0.03 0.05
25.0 - < 30.0 0 0 0 0 0 0 0 0 0
30.0 - < 35.0 0 0 0 0 0 0 0 0 0

Totals 4.35 3.53 7.56 18.74 32.45 18.52 8.55 6.29 100
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
 
 
 

 
 
 
Figure A.8.  Wind Rose for August. 
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Table A.9.  Percentage Occurrence of Wind Speed by Direction for September. 
 
 
 
 

September
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 1.93 1.95 2.5 3.97 5.32 5.3 3.53 2.53 27.03
5.0 - < 10.0 3.23 1.9 2.85 7.43 12.75 11.33 7.42 4.05 50.97
10.0 - < 15.0 0.83 0.52 0.82 2.83 4.48 4.18 3.5 1.88 19.05
15.0 - < 20.0 0.18 0.13 0.15 0.48 0.48 0.47 0.55 0.17 2.62
20.0 - < 25.0 0.02 0.02 0 0.07 0.07 0.12 0.03 0.02 0.33
25.0 - < 30.0 0 0 0 0 0 0 0 0 0
30.0 - < 35.0 0 0 0 0 0 0 0 0 0

Totals 6.2 4.52 6.32 14.78 23.1 21.4 15.03 8.65 100
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
 
 
 

 
 
 
Figure A.9.  Wind Rose for September. 
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Table A.10.  Percentage Occurrence of Wind Speed by Direction for October. 
 
 
 
 

October
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 1.34 1.48 1.87 2.89 3.69 3.37 2.18 1.56 18.39
5.0 - < 10.0 1.95 2.11 3.13 6.56 9.6 11.29 7.87 4.23 46.74
10.0 - < 15.0 1.05 0.6 1.47 3.98 5.58 6.92 6.81 2.27 28.68
15.0 - < 20.0 0.29 0.13 0.34 0.85 0.71 1.16 1.5 0.65 5.63
20.0 - < 25.0 0.06 0 0.02 0.05 0.05 0.06 0.16 0.13 0.53
25.0 - < 30.0 0 0 0 0 0.02 0.02 0 0 0.03
30.0 - < 35.0 0 0 0 0 0 0 0 0 0

Totals 4.69 4.32 6.82 14.34 19.65 22.82 18.52 8.84 100
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
 
 
 

 
 
 
Figure A.10.  Wind Rose for October. 
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Table A.11.  Percentage Occurrence of Wind Speed by Direction for November. 
 
 
 
 

November
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 1.07 1.2 1.9 2.5 2.52 2.27 2 1.35 14.8
5.0 - < 10.0 2.62 2.53 3.8 5.75 8.57 8.98 7.85 3.42 43.52
10.0 - < 15.0 1.22 1.17 2.2 4.58 5.57 7.98 6.58 2.03 31.33
15.0 - < 20.0 0.37 0.2 0.67 1.47 1.32 2.43 2.13 0.68 9.27
20.0 - < 25.0 0.08 0.02 0.05 0.1 0.1 0.25 0.38 0.07 1.05
25.0 - < 30.0 0 0 0 0.02 0 0 0 0.02 0.03
30.0 - < 35.0 0 0 0 0 0 0 0 0 0

Totals 5.35 5.12 8.62 14.42 18.07 21.92 18.95 7.57 100
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
 
 
 

 
 
 
Figure A.11.  Wind Rose for November. 
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Table A.12.  Percentage Occurrence of Wind Speed by Direction for December. 
 
 
 
 

December
Wind Speed Range Centre of 45 Degree Direction Bins

(m/s) 45 90 135 180 225 270 315 360 Totals
0.0 - < 5.0 0.95 1.24 1.37 1.73 1.71 2.06 1.52 0.95 11.53
5.0 - < 10.0 1.9 2.06 3 4.98 6.63 8.9 6.44 3.35 37.27
10.0 - < 15.0 1.26 0.92 2.26 4.52 5.53 10.19 7.19 2.9 34.77
15.0 - < 20.0 0.35 0.34 1.06 2.06 2.29 4.92 2.63 0.89 14.55
20.0 - < 25.0 0.03 0.03 0.1 0.18 0.19 0.77 0.24 0.16 1.71
25.0 - < 30.0 0 0 0 0 0.02 0.05 0.06 0.03 0.16
30.0 - < 35.0 0 0 0 0 0 0 0 0 0

Totals 4.5 4.6 7.79 13.47 16.37 26.9 18.08 8.29 100
Source: Grid Point 5622, AES-40 Wind and Wave Hindcast Dataset (July 1, 1954 through June 30, 2004)  

 
 
 
 
 

 
 
 
Figure A.12.  Wind Rose for December. 
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Environment Canada (Environmental Protection Branch) 

• Glenn Troke, EA Co-ordinator 
• Jeanette Goulet, Seabird Issues Biologist, CWS /EP 
• Dave Fifield, Seabird Issues Biologist, CWS /EP 

Fisheries and Oceans  
• Randy Power, Acting Senior Regional Habitat Biologist  
• Sigrid Kuehnemund, Senior Regional Habitat Biologist 

Natural History Society  
• Len Zedel, MUN 
• Allan Stein, MUN (retired) 
• Evan Edinger, MUN 

One Ocean/FFAW  
• Maureen Murphy, Research Director 
• Jamie Coady, Fisheries Liaison Co-ordinator 

Association of Seafood Producers 
• E. Derek Butler, Executive Director  

Fishery Products International 
• Derek Fudge, Manager, Fleet Administration and Scheduling (via email) 
• Russ Carrigan, Corporate Communications (Industry and Government Relations) 
• Capt. Daryl Kelly, FPI Lynx 

Clearwater Seafood’s Limited Partnership, Nova Scotia 
• Christine Penney, Director of Corporate Affairs, 

 
Groundfish Enterprise Allocation Council 

• Bruce Chapman, Executive Director 
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Appendix C:  Characteristics of Airgun Pulses and 
Appropriateness of Safety Radii 

 
Characteristics of Airgun Pulses  
 
Airguns function by venting high-pressure air into the water.  The pressure signature of an individual 
airgun consists of a sharp rise and then fall in pressure, followed by several positive and negative 
pressure excursions caused by oscillation of the resulting air bubble.  The sizes, arrangement, and firing 
times of the individual airguns in an array are designed and synchronized to suppress the pressure 
oscillations subsequent to the first cycle.  The resulting downward-directed pulse lasts only 10 to 20 ms, 
with only one strong positive and one strong negative peak pressure (Caldwell and Dragoset 2000).   
 
The predominant energy emitted from airguns is at relatively low frequencies.  For example, typical 
high-energy airgun arrays emit most energy at 10–120 Hz.  However, the pulses contain some energy up 
to 500–1000 Hz and above (Goold and Fish 1998; Potter et al. 2006).  Substantial high-frequency energy 
output of up to 150 kHz was found during tests of 60 cubic-inch and 250 cubic-inch air-guns (Goold and 
Coates 2006).  In fact, the output of these airguns covered the entire frequency range known to be used 
by marine mammals.  This output included substantial energy levels as to be clearly audible to most, if 
not all, cetacean species (Goold and Coates 2006).  Other recent studies—including controlled studies of 
sperm whales in the Gulf of Mexico (Tyack et al. 2006)—have also found that airguns exposed animals 
to significant sound energy above 500 Hz (Goold and Fish 1998; Sodal 1999).  These data increase 
concerns about the potential impacts of seismic sounds on toothed whales with poor low-frequency 
hearing but good higher-frequency hearing.   
 
The pulsed sounds associated with seismic exploration have higher peak levels than any other industrial 
sounds (except explosions) to which whales and other marine mammals (and turtles) are routinely 
exposed.  The Western Patriot will operate two 5085 in3 arrays of 24 Bolt airguns per array.  The 
estimated source level of the array is 109.9 bar-m (~255 dB re 1 µPa (0-p)), considering the frequency 
band up to about 128 Hz. This is a nominal source levels applicable to downward propagation.  
However, the effective source level for horizontal propagation is lower than that for downward 
propagation when numerous airguns are spaced apart from one another.   
 
Levels of anthropogenic underwater sounds, including those produced by seismic surveys, have been 
increasing worldwide.  Concurrently, there is growing concern by the general public, researchers, 
government entities, and others regarding exposure of marine mammals to these sounds (e.g., 
Hildebrand 2004; MTS 2004; Simmonds et al. 2006).  In a comparison of anthropogenic underwater 
sound sources, airgun arrays worldwide were estimated to introduce 3.9 x 1013 Joules of energy into the 
ocean, second only to underwater nuclear explosions and ranking above military sonars (Hildebrand 
2005 in Moore and Angliss 2006).  As a result, there has been increasing interest and studies on methods 
to estimate the numbers of animals exposed to various sound levels and to mitigate exposure to these 
sounds (e.g., Hollingshead and Harrison 2005).  Recent attention has focused on developing sound 
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exposure criteria appropriate to the acoustic sensitivities of various marine mammal groups and species 
(e.g., Hollingshead and Harrison 2005; Miller et al. 2005).  These exposure criteria have important 
implications for identifying appropriate “safety radii” and sound exposure limits, including balancing 
mitigation with goals of geophysical seismic studies conducted by universities and others (e.g., Barton et 
al. 2006).  Various empirical data are being collected, and modeling and predictions of the propagation 
and received levels of airgun sounds are being developed and applied (e.g., Breitzke 2006; Diebold et al. 
2006; Frankel et al. 2006; Miller et al. 2006; Racca et al. 2006; Turner et al. 2006; Tyack et al. 2006).  
These recent studies are affecting the way underwater sound is modeled.  For example, DeRuiter et al. 
(2005) reported that on-axis source levels and spherical spreading assumptions alone insufficiently 
describe airgun pulse propagation and the extent of exposure zones.   
 
Several important mitigating factors need to be kept in mind regarding the characteristics of seismic 
airgun arrays compared to other types of underwater anthropogenic sounds.  (1) Airgun arrays produce 
intermittent sounds involving emission of a strong sound pulse for a small fraction of a second followed 
by several seconds of near silence.  In contrast, some other sources produce sounds with lower peak 
levels that are continuous or discontinuous, but persist for much longer durations than seismic pulses.  
(2) Airgun arrays are designed to transmit strong sounds downward through the seafloor, and the amount 
of sound transmitted in near-horizontal directions is considerably reduced.  Nonetheless, they also emit 
sounds that travel horizontally toward non-target areas.  (3) An airgun array is a distributed source, not a 
point source.  The nominal source level is an estimate of the sound that would be measured from a 
theoretical point source emitting the same total energy as the airgun array.  That figure is useful in 
calculating the expected received levels in the far field, i.e., at moderate and long distances.  However, 
because the airgun array is not a single point source, there is no one location within the near field (or 
anywhere else) where the received level is as high as the nominal source level. 
 
The strengths of airgun pulses can be measured in different ways, and it is important to know which 
method is being used when interpreting quoted source or received levels.  Geophysicists usually quote 
peak-to-peak levels, in bar-meters or (less often) dB re 1 µPa m.  The peak (= zero-to-peak) level for the 
same pulse is typically about 6 dB less.  In the biological literature, levels of received airgun pulses are 
often described based on the “average” or “root-mean-square” (rms) level, where the average is 
calculated over the time interval encompassing 90% of the total acoustic energy).  The rms value for a 
given airgun pulse is typically about 10 dB lower than the peak level, and 16 dB lower than the peak-to-
peak value (Greene 1997; McCauley et al. 1998, 2000a).  A fourth measure that is sometimes used is the 
energy, or Sound Exposure Level (SEL), in dB re 1 µPa2·s.  Because the pulses are <1 s in duration, the 
numerical value of the energy is lower than the rms pressure level but the units are different.  Because 
the level of a given pulse will differ substantially depending on which of these measures is being 
applied, it is important to be aware which measure is in use when interpreting any quoted pulse level.  In 
the past, NMFS has commonly referred to rms levels when discussing levels of pulsed sounds that might 
“harass” marine mammals. 
 
Seismic sound received at any given point will arrive in several ways.  These include via a direct path, 
indirect paths that include reflection from the sea surface and bottom, and other indirect paths including 
 



 

Petro-Canada’s 3-D Seismic Program LGL Limited 
Environmental Assessment Page C-3 
 

 

through the bottom sediments.  Sounds propagating via indirect paths travel longer distances and often 
arrive later than sounds arriving via a direct path.  (However, sound traveling in the bottom may travel 
faster than that in the water, and thus may, in some situations, arrive slightly earlier than sound traveling 
along the direct path despite traveling a greater distance.)  These variations in travel time effectively 
lengthen the duration of the received pulse, or may cause two or more received pulses from a single 
emitted pulse.  Near the source, the predominant part of a seismic pulse is about 10–20 ms in duration.  
In comparison, the pulse duration as received at long horizontal distances can be much greater.  For 
example, for one airgun array operating in the Beaufort Sea, pulse duration was about 300 ms at a 
distance of 8 km, 500 ms at 20 km, and 850 ms at 73 km (Greene and Richardson 1988).   
 
Another important aspect of sound propagation is that received levels of low-frequency underwater 
sounds diminish close to the surface because of pressure-release and interference phenomena that occur 
at and near the surface (Urick 1983; Richardson et al. 1995).  Paired measurements of received airgun 
sounds at depths of 3 vs. 9 or 18 m have shown that received levels are typically several decibels lower 
at 3 m (Greene and Richardson 1988).  For a mammal whose auditory organs are within 0.5 or 1 m of 
the surface, the received level of the predominant low-frequency components of the airgun pulses would 
be further reduced.  Conversely, the received levels at deep depths can be considerably higher than those 
at relatively shallow (e.g., 18 m) depths and the same horizontal distance from the airguns (Tolstoy et al. 
2004a,b).  
 
In addition, research conducted in shallow-water environments has recently shown that when the 
seafloor was within the near field of the source array, unusual seismic phases were observed when 
compared to data acquired in deeper water (Diebold et al. 2006).  This associated partitioning of energy 
is likely to have caused the observed, uncharacteristically rapid loss of energy with distance.  These data 
indicate that recent marine mammal safety mitigation measures are considerably more conservative than 
necessary for shallow water.  Empirical site-specific data collected in-situ may facilitate modification of 
safety radii in these shallow-water and other environments (Turner et al. 2006), including by towing a 6-
km multichannel hydrophone array to detect and record received seismic sound levels (Diebold et al. 
2006). 
 
Recent reports suggest that monitoring seismic airgun sound over broad areas may be needed to 
determine the scale of potential effects of seismic surveys (e.g., Bain and Williams 2006).  Pulses of 
underwater sound from open-water seismic exploration are often detected 50–100 km from the source 
location, even during operations in nearshore waters (Greene and Richardson 1988; Burgess and Greene 
1999).  At those distances, the received levels are low:  <120 dB re 1 µPa on an approximate rms basis.  
However, faint seismic pulses are sometimes detectable at even greater ranges (e.g., Bowles et al. 1994; 
Fox et al. 2002).  In fact, recent data show that low-frequency airgun signals can be detected 1000s of 
kilometers from their source.  For example, sound from seismic surveys conducted offshore of Nova 
Scotia, the coast of western Africa, and northeast of Brazil were reported as a dominant feature of the 
underwater noise field recorded along the mid-Atlantic ridge (Nieukirk et al. 2004).  In addition, 
considerably higher levels can occur at distances out to several kilometers from an operating airgun 
array.  Madsen et al. (2006) reported that received levels of the first arrivals of seismic pulses at 12 km 
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are as high as received levels 2 km from the seismic array.  Dolman and Simmonds (2006) indicated 
that, in general, secondary sound arrivals can have higher received levels at 5–12.6 km than they do at 
ranges closer to the source. 
 
Appropriateness of Safety Radii 
 
The sound level thresholds currently in use by NMFS to determine mitigation radii for cetaceans are 160 
dB rms re 1 µPa for potential behavioural disturbance and 180 dB rms re 1 µPa for potential 
physiological and hearing effects like temporary threshold shifts (NMFS 2000; Breitzke et al. 2006).  
There is ongoing debate about the appropriateness of these parameters for mitigation.  However, for 
delphinids, a more appropriate threshold for onset of disturbance is considered to be 170 dB rms (NSF 
and L-DEO 2006a).  For many species of odontocetes, the 170 dB rms (~155 dB SEL) isopleth is a more 
realistic indicator of the area within which disturbance is likely.  The sound criteria used to estimate how 
many marine mammals might be disturbed to some biologically-important degree by a seismic program 
are based on behavioural observations during studies of several species. 
 
It is becoming increasingly apparent that site-specific variations in the environment that influence 
underwater sound propagation (e.g., water depth, oceanographic characteristics, marine species present, 
habituation to human-caused sounds, etc.) can strongly influence the reactions of odontocetes to airgun 
sounds (Wezensky et al. 2005; Jochens et al. 2006; Miller et al. 2006).  In some cases, the shallow-water 
safety mitigation measures prescribed were found to be considerably more restrictive than necessary 
(Barton et al. 2006; Diebold et al. 2006).  Other studies show the current mitigation measures to be 
inadequate (Bain and Williams 2006; Cox et al. 2006).  For example, during tests of 60-cubic-inch and 
250-cubic-inch airguns, power levels were shown to be greatly in excess of deep-ocean ambient noise 
across the entire spectrum.  At 60 kHz, calculated spectrum levels were 173 dB re 1 µPa for the 60-inch 
airgun and 178 dB re 1 µPa for the 250-inch airgun.  Testing on a model dolphin auditory system 
showed the maximum pulse power was within a small enough (~3 ms) time window to be below the 
estimated integration time for a dolphin (Goold and Coates 2006).  In summary, research thus far shows 
considerable variability in the effectiveness of the current safety radii in different circumstances. 
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Appendix D: The Fisheries Liaison Officer Program 
 
FLO Program Aims 
 

• Fisheries-industry led monitoring / observer coverage of Newfoundland and Labrador offshore 
petroleum exploration programs 

• Provide survey planning / information exchange to help ensure that there are no at-sea conflicts 
with fishing activities 

• Build and maintain trust between the petroleum and fisheries industries   
• Provide the FFAW and the Operator with feedback about environmental and fisheries issues. 

 
 
Qualifications of FLOs 
 
FLOs should be familiar with the area’s fisheries and industry, and undergo required training: 
 

 Marine Radio Operators Certificate 
 basic First Aid Certificate 
 a valid Marine Emergency Duties (MED) Certificate that includes A1 Basic Safety, B1 Survival 

craft, B2 Marine Firefighting 
 a valid mariners/seafarers medical certificate (health certification) 
 a WHMIS certificate (training may also be provided during mobilization) 
 a passport (as a contingency) 
 Familiarity with the identification of marine mammals and seabirds (MMO course seabird 

observation course preferable) 
 HUET training if helicopter transits are required. 

 
 
Responsibilities 
 
Operator: 

 Provide FLO with survey information and EA report   
 Provide living quarters and meals for the FLOs while on the vessel 
 Provide FLO with access to e-mail and/or fax for reporting purposes 
 Pay for FLO through FFAW 

 
   FFAW: 

 Supply qualified FLOs  
 Manage all other aspects of the FLO program, including FLO payment and all insurance issues. 

  
 Fisheries Liaison Officer: 

 Observe activities which may affect the fisheries industry 
 Help identify, avoid and resolve possible fisheries issues / conflicts, e.g.  

- Make radio contact with any fishing boats in the area and stay in touch generally 
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- Help identify / locate any fishing gear in and near the current survey area so it can be avoided 
- Determine gear type, layout, fishing plans (when in area, when leaving) 
- Advise bridge about best course of action to avoid gear / fishing activities 
- Inform fishers nearby about the survey 
- Serve as initial contact in case of any gear damage; help to identify gear owners if encountered; 
verify gear damage. 

 Provide offshore personnel with other relevant information and briefings 
 Monitor response to emergency situations or drills 
 Conduct bird, marine mammal and turtle observations (forms to be provided) 
 Attend regular operations briefings 
 Attend safety meetings, as requested 
 Keep a daily log of all activities and observances, and report on any special issues/concerns to 

groups noted below 
 Complete a written summary report following each rotation.  Provide summary reports to the 

FFAW, the Operator and Single Point of Contact (SPOC, i.e., Canning & Pitt Inc), detailing 
sightings, environmental issues and fishing vessel traffic. 

 
To the extent it does not interfere with their main duties list above, and subject to prior approval by 
the Operator & FFAW: 
 
 Assist with other routine operations 
 Undertake special projects as identified by the operator, in consultation with FFAW. 

 
_________________ 
__________________________ 
 
Canning & Pitt Associates Inc. and the  
Fish, Food and Allied Worker’s Union (FFAW) 
2001 - 2006 
___________________________________________ 
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Appendix E: Gear Contact/Conflict Procedures and Form 
 
Recording / Reporting Procedures for Fishing Gear & Vessel Contact Incidents 
 
This outlines the steps personnel (usually the FLO) on board the exploration vessel will take in the event 
of a suspected conflict / contact with fishing gear/vessel. 
 
Recording Incident Information 
 
If you have any indication that the vessel or the seismic streamer (or other equipment) may have made 
contact with fishing gear (e.g. visual observation, ropes or other debris caught on the streamer or 
acoustic array), you should, as soon as feasible: 
 
1. take all reasonable action to prevent any further or continuing damage 
2. note how the incident was discovered and by whom 
3. note exact time, location, sea conditions, and any other pertinent information  
 about the discovery of the event 
4. record any fisher/fishing vessel identification number (e.g. a Canadian Fishing 
 Vessel/CFV number painted on a buoy, or a crab pot licence tag) 
5. if possible, photograph the gear or gear debris in the water and after recovery 
6. secure and retain any of the suspected gear debris, if this is possible and  
 Feasible 
7. note what the exploration vessel had been doing before discovering the incident,  
 and retain any data on the ship's positions during the preceding 24 hours 
8. note any other vessels that you are aware of in your vicinity before/during  
 discovering the incident. 
 
The Gear Incident Report form that should be filed is attached. You may also add any additional 
information if you feel it is relevant. 
 
Reporting an Incident 
 
1. As soon as possible after an incident (or a suspected incident) has occurred, notify the Client's 

representative on board the exploration vessel, and Canning & Pitt Associates, Inc. at 
  Tel: 709-738-0133 / 709-682-3342 
  Fax: 709-753-4471 
  or E-mail: or survey@canpitt.ca. 
 
 As the C-NLOPB Guidelines state, 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; or else notify (at least 
within 24 hrs) Kim Coady at the C-NLOPB, e.g. directly from the exploration vessel via E-mail at 
KCoady@cnlopb.nl.ca. This initial report should include the information described in Items 3 and 4 
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above. As soon as possible after an incident, e-mail Canning & Pitt Associates the information 
specified in Items 3 and 4, and if possible a copy of any digital photographs taken. 

 
2. As soon as feasible thereafter (within 28 hours), e-mail the full report of the incident (using the 

Incident Report form) to Canning & Pitt Associates. (Canning & Pitt will relay this to the Board 
after reviewing it for completeness). 

 
3. If possible, retain any gear debris until it can be transported to shore and turned over to Canning & 

Pitt Associates, Inc. 
 
Sighting or Moving Fixed Fishing Gear 
 
If the exploration vessel sights any evidence of fixed fishing gear (e.g. "highflyer" with radar reflector 
affixed to a large buoy; three buoys together) which the vessel believes may be located on or close to 
one of the project activities (e.g. on or near a survey line), the following procedure is recommended. 
 
1.  If possible, the exploration vessel should observe and record any identification number (e.g. the CFV 

number) painted on the buoy or highflyer. 
 
2.  The exploration vessel should attempt to hail (via VHF radio) any fishing vessels which may be in 

the vicinity. If a fishing vessel can be reached, report the type, location and - if known - the CFV 
numbers marked on the gear and ask the skipper of that vessel for any information which might 
allow the exploration vessel to identify the owner. (Note: It is not legal for any one but the gear 
owner to move the gear.) 

 
3.  If the CFV number is known, Canning & Pitt may be able to identify the owner of the gear; contact  

them at 709-738-0133 / 709-682-3342. 
 
4. If it is not possible to contact the gear owner, the exploration vessel should attempt to work in 

another area and return to the first location at a later time.  
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Appendix F:  Gear Incident Report Form 
 

(for Exploration Vessels/Platforms) 
 
To be completed and filed (see "Gear Contact/Conflict Procedures") in case of any fishing gear contact 
incident, whether or not the fishing gear was damaged. 
 
 
Exploration Vessel Name:       
                                             
 
Did fishing gear appear to be damaged by the contact? Y       N    
 
 
1. Person completing Report:                                                
 
 
Position                                                   
 
 
E-mail/Phone No:                           /                        
 
 
2. Date of incident:                                                  
 
 
Time of incident/discovery:                          /                         
 
 
Location of the incident Lat:                     Long:                    
 
 
(If known) 
3. Name of fishing vessel:                                                
 
 
CFV No (on gear/buoy):                                                
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Vessel Skipper/Owner:                                                
 
 
Address:                                                  
                                                   
 
Telephone/Fax No:                       /                        
 
 
4. Wind / weather / visibility / sea state at time of incident or discovery: 
 
 
 
 
 
 
 
5. Describe the type and quantity gear recovered (including any identifying marks / numbers, etc): 
 
 
 
 
 
 
 
 
 
 
 
6. Describe what the exploration vessel was doing at the time of the incident: 
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7. Describe what the fishing vessel was doing at the time of the incident: 
 
 
 
 
 
 
 
 
 
8. Draw a sketch/diagram showing the position of the exploration vessel/gear in relation to the gear, 
fishing vessel, etc.: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9. Describe any measures the exploration vessel took to recover gear, or to stop or limit the damage or 
loss:  
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10. Names of any other vessels in the area at the time of the incident (if known): 
 
 
 
 
 
 
11. Describes steps taken to notify fishing vessel or others: 
 
 
 
 
 
 
 
 
 
 
 
 
12. Other pertinent information / remarks (use extra sheets if necessary): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
06/07/2005 (rev 06/06) 
 


