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Background 
 
This consultant’s report has been prepared to assist the CNSOPB in determining 
whether a Regional Environmental Assessment (REA) should be considered for those 
portions of the Nova Scotia offshore area which are deemed to be of potential interest 
for future oil and gas exploration activities.  Specifically, the report summarizes the 
results of a data gap study aimed at identifying biophysical data gaps relating to 
REA for offshore exploration activities on the Scotian Shelf and Slope areas.  
 
The consultant was also requested to use his professional judgment to identify and 
prioritize data gaps, taking into account appropriate mitigation measures taken by 
industry, and to suggest approaches to collecting additional data and the time frame to 
collect such data. The ranking of residual gaps by the consultant is intended to assist 
the CNSOPB to prioritize future environmental studies and to facilitate discussions on 
the applicability and relevance of conducting a REA.  
 
The report is in the form of data gap study. A data gap means information or data that 
has been identified for which further study or research would be beneficial to our 
understanding of the interaction of oil and gas activities with the natural environment, 
and does not imply that current environmental protection practices are inadequate.  
 
This report can be referenced as follows: 
 
Hurley, Geoffrey V. (2009) Environmental Assessment Biophysical Data Gap Study – 
Petroleum Exploration Activities on the Offshore Scotian Shelf and Slope. 
Consultant report prepared by Hurley Environment Ltd. for the Canada-Nova Scotia 
Petroleum Board.  March, 31 2009.  122 pp.  
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Executive Summary 

This data gap study report was prepared to address a requirement of the Canada - Nova Scotia Offshore 
Petroleum Board (CNSOPB) to identify biophysical data gaps relating to offshore hydrocarbon exploration 
activities (i.e., seismic and exploratory drilling) in the Scotian Shelf and Slope areas in anticipation of a possible 
regional environmental assessment (REA).  The output from this study will assist in scoping a REA, should a 
decision be made in this regard. 

Biophysical research data gaps were initially identified by reviewing Environmental Overview and Assessment 
Reports (EOARs), offshore oil and gas Strategic Environmental Assessments (SEAs), generic Environmental 
Assessments (EAs) and selected seismic and exploration drilling program EAs in the Study Area and key EEM 
reviews. Seismic and exploration drilling activities were briefly described along with standard and enhanced 
mitigation measures. The evolution of integrated marine management planning for the Nova Scotia offshore 
notably the identification of Environmental and Biologically Significant Areas (EBSAs), Areas of Interest 
(AOIs) and marine protected areas is summarized.  Recently published scientific reports were identified by 
computerized searches of scientific databases and by contacting key personnel at Department of Fisheries and 
Oceans (DFO), Environment Canada, non-governmental groups and universities. Current research studies 
principally under the Sound and Marine Life Joint Industry Programme (JIP) and Environmental Studies 
Research Fund are outlined. New and emerging fisheries are also noted. The present status of species-at-risk in 
the Study Area was determined and candidate species-at-risk identified. The data quality of available 
information with respect to addressing specific data gaps for each Valued Ecosystem Components (VEC) was 
assessed using professional judgment. Finally, residual data gaps were determined based on consideration of 
available knowledge and information and on the assumed application of appropriate enhanced mitigation.   

The main conclusions of this study are listed below: 

 Valued Ecosystem Components (VECs) considered in this study (i.e., Marine Fish, Marine Benthos 
Marine-related Birds, Marine Mammals, Sea Turtles and Special Areas) are ecological components that 
were for the most part also identified as VECs in exploration SEAs and selected seismic and exploratory 
drilling program EAs. Impact pathways such as air, water, sediment are typically not chosen as VECs in 
exploration EAs as the focus has been on the "receptor" species component of the ecosystem. 

 The prime environmental concerns of exploration are: the short and longer term effects of noise 
generated by seismic air guns on whales, dolphins and other marine mammals which use sound as their 
prime means of communication and diving birds; seabird attractions to/collisions with highly 
illuminated drilling rigs and incineration during flaring/well testing (if required); and the burial or toxic 
effects of discharges of drilling mud and rock cuttings on seabed fauna and if the well contains 
hydrocarbons, a possible accidental oil spillage. 

 Seismic operators must adhere to the Statement of Canadian Practice with respect to the Mitigation of 
Seismic Sound in the Marine Environment which specifies the minimum mitigation requirements that 
must be met during the planning and conduct of marine seismic surveys. 

 Drilling operators must adhere to the most recent version of the NEB/CNLOPB/CNSOPB ‘Offshore 
Waste Treatment Guidelines’ and ‘Offshore Chemical Selection Guidelines (OSCG) for Drilling and 
Production Activities on Frontier Lands’ along with relevant MARPOL guidelines with respect to 
marine drilling discharges and emissions.   
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 Additional or enhanced mitigation measures have also been applied to seismic and exploratory drilling 
activities particularly when operating near marine conservation areas in offshore Nova Scotia waters. 
Most offshore operators have developed voluntary codes of practice which specify the minimum safe 
working distances for aircraft and vessels operating near these ‘special’ areas. 

 Analysis of VECs in recent assessments has focused on species-at-risk. Under the Species at Risk Act 
(SARA, 2003), species-at-risk and their habitats must be taken into account in EAs of proposed 
activities. Species status is assessed by the Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC), an independent body of experts.  The Nova Scotia Endangered Species Act prohibits the 
killing or disturbing of species at risk and the destruction or disturbance of habitat or residences. With 
the exception of the Marine Benthos VEC, all other VEC categories have at-risk species which occur in 
the Study Area. There are several on-line databases which provide information on current status of all 
species-at-risk. DFO Maritimes Region Oceans and Coastal Management Division maintains an up-to-
date summary of current information on local anadromous and marine species-at-risk. 

 DFO Maritimes Region has used the MARXAN conservation planning software to conduct preliminary 
Marine Protected Area (MPA) network planning specifically to identify potential “candidate Areas of 
Interest (AOIs)” for MPA designation. The priority areas identified using MARXAN overlap with many 
of the Ecologically and Biologically Significant Areas (EBSAs) identified in earlier DFO studies and 
also overlap with most marine conservation management areas (e.g., for endangered whale species and 
corals). Exceptions are the nearshore waters around Sable Island and a fish nursery area known as the 
‘Haddock Box’ which were not identified in the latest Marxan analysis. DFO currently has an “offshore 
focus” to network planning with continued emphasis on the Eastern Scotian Shelf Integrated 
Management (ESSIM) area. Ultimately, one of the ‘candidate’ AOIs - most likely within the ESSIM 
area - will be selected to proceed to the next stage of the MPA designation process. 

 There is a plethora of scientific information available dealing with the biophysical environment of the 
Scotian Shelf area which has been summarized in an ecosystem overview report (Breeze, 2002) which 
provided a description of the major ecological components and two key ecosystem assessment reports 
which focused on eastern areas of the Shelf (DFO, 2003; Zwanenburg et al. 2006). The two assessment 
reports concluded that the eastern Scotian Shelf ecosystem has been profoundly altered over the past few 
decades mainly by fishing which occurred against a backdrop of a dynamic biophysical environment. 
The result has been a significant decrease in the biomass of demersal groundfish species and a 
significant increase in biomass of grey seals, small pelagic species, commercial crustaceans and 
phytoplankton. More recent assessments of more limited scope (i.e., geographic coverage, species, etc.) 
have supported this conclusion.  

 Zwanenburg et al. (2006) further stated that due to the relatively small proportion of the ESSIM area 
affected and modest scope of exploration (and development) activities to date, oil and gas would likely 
not result in significant overall loss of biodiversity. However, both assessment reports cautioned that 
cumulative effects of human use activities (e.g., fishing,  commercial shipping, naval operations, 
offshore oil and gas exploration and production, etc.) may act additively and/or synergistically to impact 
the marine ecosystem. 
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 There are several databases that are available ‘online’ which deal with the biophysical environment of 
the Scotian Shelf area including species categories considered as VECs in this study.  However, only a 
few databases provide coverage of the adjacent Scotian Slope area. While most databases are publicly 
available, some databases have restricted access.  Most databases contain data from several sources and 
are considered ‘living’ that is they are constantly being updated. Most databases include data collected 
over several decades. 

 Recent reviews of the results of Environmental Effects Monitoring (EEM) studies related to offshore 
exploration activities both in Canada and abroad have concluded that effects on fish and shellfish, if any, 
are highly localized and generally benign.   

Re: Seismic  

Payne et al (2008) concluded that the primary concern for producing impacts from seismic is 
at the stock or sub-stock level such as in a shallow coastal environment like a bay. There is 
some evidence suggesting a potential for seismic to have sublethal effects at the individual 
level both physiological and histopathological.  However, with respect to ambient ocean noise 
and animal behavior, the authors were of the opinion that the cacophony of noise associated 
with general marine traffic could be of greater importance.  

DNV Energy (2007) concluded that there has been no documented sea mammal mortality as a 
consequence of seismic surveys. Studies of individual incidents in which whales have 
stranded and seismic activity has occurred in the same area during the same time have been 
unable to document a cause and effect link. Nor are there any documented injuries to sea 
mammals in fields as a result of seismic surveys. The effects that have been found are 
typically changes in behavior, such as whales leaving areas where there is seismic activity. In 
general, it can be confirmed that seismic surveys may have certain negative consequences for 
marine life in the nearby area. However, there are no results that indicate serious and long-
lasting harm to populations of fish and sea mammals. 

Re: Exploratory Drilling 

Hurley and Ellis (2004) found that changes in the diversity and abundance of benthic 
organisms were detected within 1000 m of drill sites, most commonly within the 50 to 500 m 
range. Typically, benthic communities return to baseline conditions in a relatively short time 
(within one year) following the cessation of drilling. Results of laboratory and field studies 
suggest a low potential for toxicity or health effects. Taint has not been detected for any of 
the species tested within the Canadian EEM programs to date where Synthetic Based Muds 
(SBM) or Water Based Muds (WBM) were used for drilling. The authors stated that potential 
cumulative impacts of exploration drilling on the marine environment need to be considered 
in light of illegal discharges of oily wastes and bilge water from marine transport vessels and 
impacts to bottom habitat from fish trawling and shellfish dragging and dredging.  
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 Under the Exploration and Production (E&P) Sound and Marine Life Joint Industry Programme (JIP) 
have commissioned a broad range of studies to be carried out by a variety of independent agencies 
around the world which are aimed at understanding the effects of sounds produced by oil and gas 
exploration and production activities on marine life with the principal focus being seismic effects on 
marine mammals. Most studies are currently ongoing. Research studies fall under the following five (5) 
categories: 

1. Sound source characterization and propagation 

2. Physical and physiological effects and hearing 

3. Behavioural reactions and biologically significant effects 

4. Mitigation and monitoring 

5. Research tools 

 The Environmental Studies Research Funds (ESRF) is a fund designed to assist in the decision-making 
process related to oil and gas exploration and development on Canada's frontier land. ESRF has funded 
some studies of direct relevance to this data gap study including several ongoing studies. 

 DFO has issued a limited number of ‘experimental’ or ‘exploratory’ licenses to fish for species such as 
hagfish, sea cucumber, whelk and various shark species in the Study Area. While not particularly 
significant in terms of yields currently, these fisheries are providing new information on the distribution 
and life history of these species.  

 Data gaps relevant to the scope of this report (i.e., offshore oil and gas exploration activities) were 
identified primarily from EOARs, SEAs, selected EAs and key EEM reviews.  The EOARS and some 
EEM reviews also provided recommendations to address the gaps. The SEAs and EAs suggested 
potential enhanced mitigation to minimize the risk to VECs. As one would expect, many of the 
identified data gaps were common to the various reports. Subsequently, the quality of recent data 
sources to address unique data gaps was assessed based on the professional judgment of the author of 
this report. In general, the availability of relevant data is considered good for the Scotian Shelf and poor 
for the Scotian Slope. Residual data gaps were determined firstly, on the basis of available knowledge 
and information and secondly, on the assumed application of appropriate enhanced mitigation.  Given 
the short-term nature of exploration activities, the variety of enhanced mitigation options available, the 
plethora of biophysical data for the Study Area and the lack of significant effects identified in recent 
overviews of the results of EEM programs to date, it is not surprising that there are few residual data 
gaps identified for seismic or exploratory drilling. Finally, suggested approaches and time frames for 
addressing identified residual gaps are offered.  
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1.0 Introduction  

The Canada - Nova Scotia Offshore Petroleum Board (CNSOPB) is considering conducting a regional 
environmental assessment (REA) to add to the current knowledge base and to inform and streamline subsequent 
project-level assessments and approvals. While research has been undertaken on a variety of subject matters, 
some important data gaps may remain to be filled in order to initiate a process that would produce a practical 
and constructive REA. 

In order to support strategic planning, there is a need to provide an updated data gap assessment, which would 
identify priorities for collecting additional data and methods of collecting such data. This data gap study is 
focused on the identification of biophysical data gaps relating to offshore exploration activities in the Scotian 
Shelf and Slope areas. 
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2.0 Objectives of the Study 

The objectives of this study are to: 

 Summarize and prioritize biophysical research gaps; 

 Examine existing data sources that have identified research gaps relating to the environmental 
assessment of offshore hydrocarbon exploration; 

 Examine information relating to ecologically and biologically significant areas (EBSAs), ecosystem 
overview and assessment reports (EOARs) and other related assessments intended to characterize the 
biophysical environment on the Scotian Shelf and Slope, and consider the relevance and applicability of 
these assessments to an REA for hydrocarbon exploration; 

 Identify data gaps as they relate to industry activities as well as information sources required to address 
cumulative effects; and 

 Identify considerations for determining potential valued ecosystem components on a regional scale.  

The output from this study will assist in scoping a REA, should a decision be made in this regard. Although not 
yet fully defined, a REA would be objectives-led and cumulative effects-oriented, based on scientific, 
ecosystem-based analysis and Environmental Assessment (EA) best practice. It would be designed to help 
ensure long-term ecological integrity, including the maintenance of critical habitat and ecosystem functions. 
While systems-based, mitigation measures and follow-up programs would also be scalable to the individual 
project level.  
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3.0 Study Area 

For the purpose of this study, data requirements and a gap analysis will be conducted for the area indicated on 
Figure 3-1. The Study Area encompasses most of the Scotian Shelf and Slope area (to a maximum depth of 
3300 m) but does not include nearshore areas1, the Gully MPA2, Georges Bank3 or the Northeast Channel.  

The actual Study Area considers the aerial extent of potential impact of exploration activities based on an 
analysis of prospectivity and the associated biophysical data required to conduct a regional environmental 
assessment. 
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Figure 3-1 Data Gap Study Area 

                                                 
1 Refers to nearshore waters off the Nova Scotia mainland.  However, nearshore environment around Sable Island is included in the 
Study Area.  

2 Current CNSOPB policy prohibits oil and gas activity within the proposed Marine Protected Area (MPA) boundary. 

3 Georges Bank is under an oil and gas moratorium until at least 2012. 
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4.0 Scope of Work 

The scope of this work includes the following tasks (relevant sections of this report are in brackets): 

Task 1. Identification of data requirements and gaps  

Compile and summarize biophysical data requirements and any gaps identified from existing 
sources including previous assessments and gap analysis reports, and personal expertise. The 
contractor will consult with federal authorities and stakeholders, as appropriate, to identify data 
gaps in the Study Area. (Sections 7, 9, 20) 

Task 2. Data status 

Determine which gaps have been addressed (or partially addressed) by listing and summarizing 
those studies completed to date and identify any ongoing research and unaddressed research 
gaps, as related to conducting a REA. (Sections 13, 14, 20)   

Task 3. Collection of identified gaps in data 

Prioritize the remaining data gaps. Suggest methodology to collect gaps in information and 
estimate the time required to collect the data. (Sections 20, 21) 

Task 4. Professional opinion of the use of existing integrated management studies 

Provide professional judgment on the applicability and relevance to conducting a REA for 
hydrocarbon exploration, of the following: EBSAs, existing EOARs and other related 
assessments intended to characterize the biophysical environment on the Scotian Shelf and 
Slope. (Sections 13, 14, 15, 16, 17, 18, 19) 

Task 5. Valued Ecosystem Components (VECs) 

Identify considerations for determining potential VECs on a regional scale for environmental 
assessment. (Section 8) 
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5.0 Regulatory Context 

The CNSOPB requires environmental assessment of all applications for activity authorization in the Nova 
Scotia offshore. All offshore petroleum activities, whether collecting seismic data, drilling a well or installing a 
platform, must undergo an environmental assessment before being authorized. In addition to the CNSOPB, 
other federal agencies that will have an advisory role in the environmental assessment of this project include 
Environment Canada and Fisheries and Oceans Canada (DFO). Environment Canada is responsible for the 
protection of migratory birds under the Migratory Birds Convention Act and discharges to the ocean under 
Section 36 of the Fisheries Act. DFO’s involvement is derived mainly from authorizations required under 
Sections 35-42 of the Fisheries Act related to the protection of fish habitat. The Province of Nova Scotia will 
regulate potential onshore activities associated with any project. 

Although an effective method of identifying and mitigating environmental effects, project-specific 
environmental assessment may be enhanced by a regional or sub-regional strategic environmental assessment 
prior to any individual project being proposed, or even prior to when lands are first nominated or at the “Call 
For Bids” stage. 

Davey et al. (2000)  defined REA as a decision support tool that allows for the systematic evaluation, at an early 
stage in the planning process, of the environmental consequences of a series of developments. They considered 
REA as a more proactive approach to considering the cumulative effects of development. 

The Canadian Environmental Assessment Act (CEAA) defines a ‘regional study’ as a study of the 
environmental effects of possible future projects in a region. Such a study is usually conducted outside the 
scope of the Act.4 The results of a regional study may be taken into account when conducting an environmental 
assessment of a project in the region, particularly in considering any cumulative environmental effects that are 
likely to result from the project in combination with other projects or activities that have been or will be carried 
out. 

Advantages of REA include the following (Davey et al. 2000):  

 Development of a long-term regional plan;  

 Identification of environmental effects through analysis of sectoral and regional policies early in the 
planning process;  

 Provision of a framework for considering cumulative environmental effects of different projects in a 
specific region;  

 Collection and organisation of environmental data, identification of data gaps and assessment of baseline 
conditions; and  

 Collaboration and coordination across sectors and regions.  

                                                 
4 CEAA  Glossary- Terms commonly used in Federal Environmental Assessments: http://www.CEAA-
acee.gc.ca/012/015/index_e.htm  
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In the case of offshore oil and gas development, a REA conducted early, in advance of calls for bids or licensing 
of offshore areas, can identify important areas that may be closed to or subject to restricted offshore activity 
(e.g., for reasons of environmental sensitivity). A REA may also serve to initiate offshore monitoring programs 
to remedy data deficiencies which would otherwise delay a project-specific EA. A REA has been required 
recently by the World Bank prior to project funding where a project is likely to have regional effects  (World 
Bank 1991). 

The Canada - Newfoundland Offshore Petroleum Board (CNLOPB) and Canada - Nova Scotia Offshore 
Petroleum Board (CNSOPB) jointly conducted a sub-regional SEA of the Laurentian Sub-basin (Jacques 
Whitford 2003). The CNSOPB carried out SEAs for potential exploration rights issuance for Eastern Sable 
Island Bank, Western Banquereau Bank, the Gully Trough and the Eastern Scotian Slope (CNSOPB 2003) and 
for Misaine Bank (CNSOPB 2005). The CNSOPB has also conducted “generic” EAs or assessments of the 
common aspects of exploration activities, specifically for exploration drilling off Nova Scotia (LGL Limited et 
al. 2000) and for seismic exploration on the Scotian Shelf (LGL Limited and Malme 1998). VEC selection, data 
deficiencies and recommended mitigation strategies for these strategic and generic EAs are summarized in this 
report along with selected seismic and exploratory program EAs.  
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6.0 Approach  

An approach, which was consistent with the study objectives and tasks, was taken to carrying out this data gap 
study (Figure 6-1). The process of identifying EBSAs and areas of interest (AOIs) to be considered as potential 
candidates for marine protected area (MPA) status is described. Biophysical research data gaps were identified 
by reviewing EOARs, along with three (3) offshore oil and gas SEAs, two (2) generic EAs and five (5) each 
selected seismic and exploration drilling program EAs in the Study Area. Seismic and exploration drilling 
activities were briefly described along with respective standard and enhanced mitigation measures. Data gaps 
were summarized for VECs that had been identified in previous environmental assessments for exploration 
activities. Recently (2003 - 2009) published scientific studies were identified by computerized searches of 
scientific databases5 and by contacting key personnel at Fisheries and Oceans Canada, Environment Canada, 
non-governmental groups and universities. Key findings of relevant publications were used to evaluate the data 
quality of the information with respect to addressing specific data gaps within each VEC. Residual data gaps 
following mitigation were determined based on professional judgment6, taking into consideration new 
information from recently published and ongoing research studies. Finally, recommendations to address residual 
gaps were given. 

                                                 
5 Such as Aquatic Sciences and Fisheries Abstracts (ASFA), WAVES, & SCOLUS 

6 Of Geoffrey V. Hurley, M.Sc. – refer to his professional profile (Appendix A) 
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Figure 6-1 Approach to carrying out data gap study 
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7.0 Program EA Selection  

Five (5) seismic and five (5) exploratory drilling EA programs were selected from the CNSOPB public registry7 
for consideration in this study (refer to Table 7-1 and Table 7-2 Summaries of selected seismic and exploratory 
drilling EA programs respectively) to maximize diversity of oil and gas operators, EA consultants and coverage 
of the Study Area. Programs pertaining to EnCana Corporation, Canadian Superior Energy , GX Technology 
Corporation8, Marathon Canada, Hunt Oil Company, Kerr-McGee Offshore Canada and ExxonMobil Canada 
Properties. Most of the exploration activities took place in the outer Scotian Shelf and Slope areas with the 
exception of Hunt Oil’s Sydney Bight seismic program off eastern Cape Breton.  

A few programs should be highlighted:  

 The GX Technology seismic program which took place over most of the data gap Study Area (i.e., 
offshore Scotian Shelf and Slope areas); 

 The EnCana ‘Stonehouse’ seismic program which was involved in the 2003/4 DFO Gully EEM study; 
and  

 The Marathon ‘Annapolis’ exploratory drilling program where an accidental spill of synthetic-based 
drilling (SBM) muds took place during drilling operations.  

 

                                                 
7 http://www.cnsopb.ns.ca/sea_public_registry.php 

8 Seismic operator who conducted a ‘spec’ shoot 



 

14 

Table 7-1  Summary of Selected Seismic EA Programs 

Operator Program Name EA Submission Year EL# Location 

EnCana Corporation Caledonia 2003 2390 

Canadian Superior 
Energy Inc. 

Mayflower 2003 2406 

Hunt Oil Company Sydney Bight 2002 2364, 2365 

GX Technology 
Corporation 

Scotian Shelf & 
Slope 

2003 N/A 

EnCana Corporation Stonehouse 2003 2414, 2403, 2404 
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Table 7-2  Summary of Selected Exploratory Drilling EA Programs 

Operator Program Name EA Submission Year EL# Location 

Marathon Canada Ltd. Annapolis 2002 3377 

Kerr-McGee Offshore 
Canada Ltd. & EnCana 
Corp 

Stonehouse and 
Craigmore 

2003 2414, 2404 

Kerr-McGee Offshore 
Canada Ltd. 

Pinehurst and 
Pembroke  

2001 2396, 2386 

 

Shell Canada Ltd. EL 2381 

EL 2382 

2003 2381, 2382 

ExxonMobil Canada 
Properties 

Cree  2003 2361 
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8.0 Valued Ecosystem Components (VECs)  

Because it is not practical to assess all potential interactions between a project and every component of the 
natural and human environment, EAs focus on VECs. The VEC selection process looks at the range of 
ecosystem components that could be affected by a project. Generally, VECs represent “key” or “indicator” 
species, mixed species groups, communities and/or ecosystems. VECs often include: rare or threatened species 
or habitats; species or habitat unique to an area or valued for their aesthetic properties; and commercially 
harvested species. While important to the marine ecosystem, zooplankton and phytoplankton are typically not 
considered VECs due to their widespread abundance. However, ichthyoplankton (i.e., fish eggs and larvae) are 
generally considered as part of the marine fish VEC in most EAs. Commercial fisheries are often considered a 
VEC but are not considered in this study since they are not a ‘biophysical’ component of the ecosystem.  

Typically VECs are identified during the issue scoping process for an EA using various means: preliminary 
stakeholder consultations, review of regulatory issues and guidelines, review of previous environmental 
assessments for seismic or drilling exploration off Nova, site specific research and professional judgment of the 
EA study team.  

Current knowledge is assessed and potential pathway linkages determined during the EA process. The final 
selection is based on the role of ecological components in combination with potential pathways. If an impact 
pathway is not identified, the ecosystem component is not included as a VEC. The pathways themselves (e.g., 
air, water, sediment) have also not been typically considered as separate VECs in exploration EAs, since 
exploration programs are of short duration (14-30 days for seismic surveys; 30-90 days for exploration drilling) 
(refer to Section 10.0) and the focus has been on the “receptor” species components of the ecosystem. It is also 
anticipated that such short-term activities reduce the potential for waste discharges, air emissions and accidental 
spill events9.  

VECs considered in this study were identified from a review of the VECs in the selected seismic and 
exploratory drilling program EAs (refer to Section 7.0). Most VEC categories (i.e., marine fish10, marine 
benthos11, marine-related birds, marine mammals12, sea turtles13, and special areas14) were common to 
exploration SEAs and seismic and exploratory drilling program EAs (Table 8-1, Table 8-2, and Table 8-3). For 
obvious reasons, the special areas considered in each program EA or SEA depended on the area of activities of 
the respective exploratory project.  

                                                 
9 With the exception of significant quantities of emissions over a relatively short period of time (i.e., typically 4 days) if a well-test is 
carried out ( Environment Canada, 2004). 

10 Typically includes consideration of fish eggs and larvae, commercial and forage fish species and fish habitat considerations.  

11 In some EAs also referred to as marine invertebrates VEC (Hunt Sydney Bight) and considered as a separate VEC or along with the 
marine fish VEC (e.g. ‘Generic’ Seismic EA, GX Technology SSS EA, EnCana Caledonia). Typically , the focus of this VEC is on 
commercial shellfish and coral species.  

12 Focus of this VEC is typically on endangered whale species such as the northern bottlenose whale, blue whale, and northern right 
whale. 

13 Focus of this VEC is typically on endangered sea turtle species such as leatherback turtle and loggerhead turtle. 

14 Special areas include MPAs, fish and marine mammal conservation areas. 
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Table 8-1  Summary of Selected Strategic and Generic EA VECs 

 EA Program 

Biophysical VECs ‘Generic’ 
Seismic EA 

‘Generic’ 
Drilling EA 

Gully Area 
SEA 

Laurentian 
Subbasin SEA 

Misaine Bank 
SEA 

Marine Mammals √ √ √ √ √ 

Sea Turtles √ √ √ √ √ 

Marine Fish √ √ √ √ √ 

Marine-Related Birds √ √ √ √ √ 

Marine Benthos √ √ √ √  

Special Marine 
Areas 

Sable Island15 √ √ √   

Roseway Basin 16 √ √    

The Gully17 √ √ √   

Shortland & Haldimand 
Canyons18 

  √   

Haddock Box19 √ √    

Browns Bank20 √ √    

Birds Island21    √   

Louisbourg Hole22     √ 

                                                 
15 While not strictly a marine area, many of the wildlife species associated with Sable Island are marine-related (e.g., grey and harbour 
seals, roseate terns, etc.). Funding has been allocated under the federal government's Health of the Oceans initiative for the 
development of planning and regulatory steps for the designation of Sable Island as a National Wildfe Area under the Wildlife Area 
Regulations of the Canada Wildlife Act. A prospectus on the process has been developed and the federal and provincial governments 
are in the process of assuring that the contents and proposals contained within that prospectus are supported by federal and provincial 
legislation. With this analysis completed, the prospectus will be released to the public and consultation on the Island's designation as a 
National Wildlife Area and its management will begin.  This process is currently targeted for late spring, 2009 (K. Davidson, CWS, 
pers.comm.). Sable Island is also a recognized Migratory Bird Sanctuary.  

16 Refers to Roseway Basin Right Whale Conservation Area. The Canadian government declared the Roseway Basin a right whale 
conservation area in 1993 and an Area to be Avoided (ATBA) by ships in 2007. 

17 The Gully was declared an MPA on May 7, 2004.  

18 Habitat of northern bottlenose. Importance unknown at time of preparation of two generic EAs. 

19 Fishery conservation area for juvenile haddock encompassing Emerald Bank and part of Western Bank. It has been closed year-
round to groundfishing since 1987. 

20 Browns Bank is a haddock spawning closure area for bottom trawling gear from Feb. 1 to Jun. 15. This area is also closed year-
round to lobster fishing. 

21 Refers to Birds Island fish nursery area. 
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Table 8-2  Summary of Selected Seismic EA Program VECs 

 Seismic EA Program 

Biophysical VECs Caledonia Mayflower Sydney 
Bight 

Scotian Shelf 
and Slope 

Stonehouse 

Marine Mammals √ √ √ √ √ 

Sea Turtles  √ √ √ √ 

Marine Fish √ √ √ √ √ 

Marine-Related Birds23   √ √ √ 

Marine Benthos √ √ √ √  

Special Marine 
Areas 

Sable Island √   √24  

Roseway Basin   √  √  

The Gully √   √ √ 

Shortland & Haldimand 
Canyons 

   √ √ 

Haddock Box √   √  

Browns Bank     √  

Birds Island    √   

                                                                                                                                                                                     
22 Important habitat for snow crab and shrimp. Also includes consideration of smaller holes adjacent to Misaine Bank. 

23 Although seabirds are listed as a VEC in the ‘generic’ seismic report, they were not considered a VEC in some seismic EAs because 
there have been no indications of any negative impacts based on observations of independent wildlife observers onboard seismic 
vessels in earlier programs. However, these EAs acknowledged possible indirect effects from seismic activities such as attraction of 
some birds to the lights of the seismic vessels at night. The probability of a seismic streamer fluid spill that would have an effect at the 
population level of seabirds is remote. 

24 There was no specific VEC for Special Areas in the GX Technology seismic EA, rather the areas identified in the table were 
assessed within the marine fish and marine mammal VECs. 
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Table 8-3  Summary of Selected Exploratory Drilling EA Program VECs 

 Exploratory Drilling EA Program 

Biophysical VECs Annapolis Stonehouse 
& Craigmore 

Pinehurst 
& 

Pembroke 

EL 2381, 2382 Cree 

Marine Mammals √ √ √ √ √ 

Sea Turtles  √ √ √ √ 

Marine Fish √ √ √25 √ √ 

Marine-Related Birds √ √ √ √ √ 

Marine Benthos and Coral √ √ √ √ √ 

Special Marine 
Areas 

Sable Island √    √ 

Roseway Basin    √   

Gully √ √   √ 

Shortland & Haldimand 
Canyons 

 √    

Haddock Box   √  √ 

Stone Fence26  √    

 

                                                 
25 Commercial species were considered as part of the Commercial Fishery VEC in Commercial Fishery. 

26 Area of coral concentrations. 
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9.0 Communications 

The following persons were contacted during the study to obtain information related to the scope of this study 
(Section 4.0).  

Table 9-1  Persons Contacted during the Study 

Agency  Persons Contacted  

(arranged in alphabetical order) 

Fisheries & Oceans 
Canada 

Jerry Black 

Heather Breeze 

Steven Campana 

Kristian Curran 

Rod Doane  

Charles Hannah 

Tracy Horsman 

Chris Jones  

Vladmir Kostylev  

Melanie MacLean 

Paul MacNab  

David Millar 

Lisa Paon 

Doug Pezzack 

Nancy Shackell 

John Tremblay 

Maxine Westhead 

Tana Worcester 

Environment Canada Wayne Barchard 

Doug Bliss 

Kevin Davidson 

Dave Fifield 

Michael Hingston 

Tracey Inkpen 

Jayne Roma 

Les Rutherford 

NS Dept. of Environment Dan Walmsley   

Environmental Studies 
Research Fund  

David Taylor  

World Wildlife Fund Jennifer Smith  

Ocean Tracking Network Bob Branton  

Dalhousie University Mike James 

Hilary Moors 

Rob Ronconi 

Chris Taggart 
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10.0 Exploration Activities 

There are two key steps in determining whether the geological structures of an area contain sufficient 
hydrocarbon deposits to be economically exploited. These steps are summarized below.  

10.1 Seismic surveys 

The first step in oil and gas exploration is a seismic survey where sound waves are used to develop an image of 
subsurface strata and structures - features where hydrocarbons could accumulate and be retained (see Figure 
10-1 below). The duration of seismic programs typically ranges from 14-30 days. The sound waves are typically 
generated by airguns with reflections from the underlying rocks recorded by hydrophones towed behind the 
survey vessel. Broadband sources levels of 248-255 dB re 1 microPa-m are typical for a full-scale air gun array. 
The signals for air guns are short, sharp. Pulses typically emitted every 10-15 seconds. Most emitted energy lies 
with 10 to 120 Hz, but the pulses contain some energy up to 500 to 1000 Hz. In waters 25-50 m deep, air guns 
are often audible with ranges of 50-75 km. Detection ranges in deeper water, or during quiet times with efficient 
sound propagation can exceed 100 km. These reflections are analyzed by computer to allow 2D or 3D 
visualization of the subsurface geology. 2D is the simplest and by far the most inexpensive method, as only one 
air gun array and one seismic cable are used for mapping two-dimensional slices of the sea bottom, with several 
kilometre distance between each survey line. When performing 3D explorations, the operating vessel is sailing 
along more closely separated parallel lines (100-500 m), and most often uses two air gun arrays and 4-10 
hydrophone cables. Normal surveys are usually traveling along survey lines at speeds of around 5 knots 
(2.5 metres per second), firing a sound pulse every 10 seconds (25 m). Typically surveys last from 2 - 4 weeks.  
Additional detailed information on seismic activities can be found on the International Geophysical Contractors 
website:  

www.iagc.org/attachments/contentmanagers/4352/Marine%20Seismic%20Operations%20Overview.pdf  

The potential sources of environmental effects from a seismic survey are illustrated in Figure 10-1. Of these, the 
prime concern is generally regarded as the short and longer term effects of seismic noise27 on whales, dolphins 
and other marine mammals which use sound as their prime means of communication.  

                                                 
27 The majority of the sound energy in an airgun pulse is within the low frequency spectrum below 1000 Hz. This frequency coincides 
with the frequency region which many marine mammals use for communication, and where most of them (fishes and baleen whales in 
particular) have their best hearing sensitivity. 
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Figure 10-1 Potential sources of environmental effects from a seismic survey 

10.2 Exploration drilling 

The second type of exploration activity is exploratory drilling which entails drilling into the geological structure 
to ascertain what hydrocarbon resources it contains. Drilling can be conducted from a jack-up rig in shallow 
waters of less than about 100 m, or from a semi-submersible rig or a drill ship in deeper waters. The duration of 
exploration drilling programs ranges from 30-90 days. The legs of a jack up rig rest on the seabed while the 
semi-submersible rig/drill ship floats and is anchored in location. The well is drilled in a series of steps of 
decreasing size with increasing depth (up to several km for some wells). As each step is drilled, the hole is lined 
with steel pipe which is cemented in place to prevent collapse and the flow of liquids into or out of the well. As 
the drill bit penetrates the rock, drilling mud is pumped around it to lubricate, cool and carry away the rock 
cuttings. The drilling mud normally contains a variety of minerals, mostly clay and chemicals designed to give 
it required properties such as viscosity to aid the removal of rock chippings, and weight to balance the pressures 
being encountered in the well. Typically, there are two types of drilling mud used in offshore drilling operations 
water-based mud (WBM) and/or synthetic-based mud (SBM). Although the drilling fluid is utilized to control 
the underground pressures when drilling, offshore oil rigs also have a blowout prevention system (BOP), which 
is used to control the well when there is an influx of pressurized gas or oil during drilling. The BOP is a set of 
hydraulically operated valves and other closure devices (rams) which seal off the well, and route the wellbore 
fluids to specialized controlling equipment. On completion of an exploration well, the well is either removed or 
left in a safe condition for potential future use. If hydrocarbons are encountered the next step would be to assess 
the size of the reserves and extent of the reservoir. This is carried out through the drilling of additional 
(appraisal or delineation) wells. 
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The possible sources of environmental effects from exploration drilling are illustrated in Figure 10-2. Of these, 
the prime concerns are generally regarded as the burial or toxic effects of discharges of drilling mud and rock 
cuttings on seabed fauna28; seabird attractions to/collisions with highly illuminated drilling rigs and incineration 
during flaring/well testing29, and if the well contains hydrocarbons, a possible accidental oil spillage30. The 
NEB/CNSOPB/CNLOPB Offshore Waste Treatment Guidelines (OWTG)31 outline the requirements that 
operators must adhere to for the discharge of drill muds and cuttings in Canadian offshore areas32. Routine 
discharges of wastes (e.g., bilge, ballast water, deck drainage, sewage, gray water, food wastes, cooling water) 
are closely regulated under the OWTG and do not specifically relate to seismic or drilling activity. 

 

                                                 
28 Use of WBMs generates between 1100 and 2000 cubic metres of muds and cuttings depending on the depth and diameter of the 
well; whilst use of SBMs generates between 300 and 1300 cubic metres of drill waste (Veil et al., 1995). 

29 Independent wildlife observers have not observed any obvious avoidance or attraction of birds to SOEP project facilities (Hurley 
2000). 
 
30 Analysis of beached seabird data on Sable Island over more than a decade has shown that most hydrocarbon contamination has 
resulted from chronic pollution as a consequence of day-to-day operations (e.g., from cargo tank washings and bilge discharges) of 
marine transport vessels (i.e., not accidental spills).  

A review of the CNSOPB spill database http://www.cnsopb.ns.ca/environment_incident_statistics.php revealed that the majority of 
spills since 1999 were production-related. The majority of exploration-related spills were small releases of relatively low toxicity 
substances such as mineral oil from ruptures of seismic streamers (presumably caused by shark bites) and synthetic-based drill mud. 
Further, the nature of hydrocarbons (i.e., natural gas and condensate) in the offshore NS area make spills less of a concern than in 
other jurisdictions (i.e., such as the Grand Banks which has crude  oil reserves).   

31 http://www.cnsopb.ns.ca/pdfs/owtg_redraft.pdf 

32 Noted drill waste indicators (i.e., TPH, mercury, barium) have never been detected in elevated concentrations in sediment samples 
taken regularly at five monitoring sites along the western boundary of the Gully MPA after nearly a decade of drilling many 
exploratory, delineation and development wells on Sable Island Bank (SOEP, 2008). The main source of contaminants on the eastern 
Scotian Shelf is flow out of the Gulf of St. Lawrence (DFO 2009, in press). 
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Figure 10-2 Potential sources of environmental effects from exploration drilling  

 

Combustion emissions from seismic vessels and drill rigs would be similar to those of other types of marine 
vessels powered by the same engine capacities and would be minimal contributors compared to large 
transboundary pollutant flows from areas in the Great Lakes and along the United States Eastern seaboard 
(Inkpen et al. 2008). There is evidence to show that the global increase in atmospheric and oceanic carbon 
dioxide (CO2) has resulted in a lowering of pH (increasing acidity) on the Scotian Shelf. It is unclear what the 
implications of this trend on biological productivity will be but it is predicted to negatively affect carbonate 
forming organisms such as deep-sea corals which are expected to be particularly sensitive to long-term 
increases in acidity (DFO 2009 in press). 
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11.0 Mitigation for Exploration Activities 

11.1 Seismic-specific Mitigation  

All seismic operators must adhere to the Statement of Canadian Practice with respect to the Mitigation of 
Seismic Sound in the Marine Environment33 which specifies the mitigation requirements that must be met 
during the planning and conduct of marine seismic surveys, in order to minimize impacts on life in the oceans. 
The Statement, which is founded on best global knowledge and practices, is considered a ‘living’ document and 
is intended to be reviewed and updated every two (2) years.  

In the Statement, mitigation requirements are categorized under the following headings:  

1. Planning Seismic Surveys 

2. Safety Zone and Start-up 

3. Shut-down of Air Source Array(s) 

4. Line Changes and Maintenance Shut-downs  

5. Operations in Low Visibility 

6. Additional Mitigative Measures and Modifications 

 

NOTES:  

 These requirements are set out as minimum standards and apply in all non-ice covered marine waters in 
Canada. 

 The Statement complements existing environmental assessment processes, including those set out in 
settled land claims. 

 The current regulatory system will continue to address protection of the health and safety of offshore 
workers and ensure that seismic activities are respectful of interactions with other ocean users.  

 Communications with the fishing industry are assisted through the CNSOPB Fisheries Advisory 
Committee (FAC) made up of representatives of various fisheries interests and key regulatory agencies.  

 The CNSOPB requires all seismic operators to carry an independent fisheries observer onboard the 
seismic vessel to minimize interactions between the seismic vessels and associated air gun arrays and 
fishing vessels and their gear.   

 Oftentimes, fisheries observers have been asked to record sightings of marine mammals, sea turtles, and 
sea birds observed during a seismic program. In the past, seismic operators have been required to carry 
a wildlife specialist(s), in addition to fisheries observers, on their vessels when surveying near the Gully 
MPA, to serve as Marine Mammal (and Sea Turtle) Observer(s) as required by the Statement.  

                                                 
33 http://www.dfo-mpo.gc.ca/oceans-habitat/oceans/im-gi/seismic-sismique/pdf/statement-enonce_e.pdf 
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 Companies wishing to conduct seismic surveys in Canadian marine waters may be required to put in 
place additional or enhanced environmental mitigation measures to further reduce the risk of harm to 
marine life. Examples of such enhanced mitigation measures that have been used in the Nova Scotia 
offshore notably when operating near sensitive marine areas34 include: 

1. Avoiding special marine areas (i.e., whale sanctuaries, MPAs, etc.);  

2. Increasing the size of the safety zone (minimum radius of 500m) around air gun arrays to increase 
the area over which seismic mitigation measures such as ramping up and shut-down are applied 
during operations;  

3. Use of Passive Acoustic Monitoring (PAM) to detect presence of whales below the sea surface or 
during times of low visibility; 

4. Acoustical modeling and monitoring to verify seismic noise zone of influence predicted in the EA;  

5. Scheduling of the survey to minimize interactions with fisheries;  

6. Controlling vessel speed and orientating seismic lines to reduce sound energy;  

7. Developing contingency measures and a response plan to address various significant weather 
scenarios and accidental events; and 

8. Developing a Code of Conduct for operating near sensitive marine areas35 that specifies the 
minimum safe working distances for aircraft and vessels from these special areas. 

 The Oil and Gas Producers (OGP) Joint Industry Programme (JIP) has recently funded a project to 
survey, record, and analyze the capabilities of production and experimental systems that may be used 
for active acoustic monitoring of marine mammals which is due to be completed by May 2009. 

 Some of the potential enhanced mitigation options proposed in selected EAs and SEAs for the Scotian 
Shelf and Slope areas (Tables 20-2, 20-3, 20-4) are currently considered as standard mitigation 
measures as per the Statement. 

 

11.2 Exploratory drilling -specific Mitigation 

The following is a list of exploratory drilling-specific mitigative measures aimed at protecting marine-related 
life: 

 Conduct a pre-spud survey to verify characterization of benthic habitat in particular the absence of coral 
formations 

 Meet or exceed the most recent version of the NEB/CNLOPB/CNSOPB Offshore Waste Treatment 
Guidelines and MARPOL with regard to waste streams such as drilling muds and cuttings, deck 
drainage, desalinization brine, sewage and grey water 

                                                 
34 Notably near whale species-at-risk conservation areas such as the Gully MPA and nearby Shortland and Haldimand canyons which 
are also preferred habitats for Northern Bottlenose Whales, and the Roseway Right Whale Conservation Area. 

35 For drilling, enhanced mitigation has been applied in sensitive benthic environments such as the Stone Fence where significant coral 
concentrations are found. 
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 Screen chemicals through the most recent version of the NEB/CNLOPB/CNSOPB ‘Offshore Chemical 
Selection Guidelines (OSCG) for Drilling and Production Activities on Frontier Lands’ and MARPOL 
requirements  

 Implement well control and drilling procedures as per most recent version of the CNSOPB Drilling 
Regulations 

 Implement bulk transfer and hose handling procedures as per best available practice 

 Minimize flaring and ensure use of high efficiency igniters as per best available practice 

 Establish a 500-m safety zone around the drilling rig at all times 

 Companies wishing to conduct exploratory drilling in Canadian marine waters may be required to put in 
place additional or enhanced environmental mitigation measures to further reduce the risk of harm to 
marine life. The following is a summary of enhanced mitigation measures that have been used in the 
Nova Scotia offshore (notably when operating near sensitive marine areas - also refer to  Section 11.0) 
include:  

1.  Focus all area lighting on the work areas of offshore platforms and down-shaded as much as 
practical to minimize marine bird attraction; 

2. Conduct post-drilling survey to verify muds/cuttings plume dispersion modeling estimates in EA 
of the zone of influence. Such a survey would include chemical analysis of sediments and 
benthos; 

3. Use of heavy brine in place of barite as a weighting agent to reduce input of mercury compounds 
in the marine environment; 

4. Developing contingency measures and a response plan to address various significant weather 
scenarios; and 

5. Develop a Code of Conduct for operating near the Gully MPA or Sable Island that specifies the 
minimum safe working distances for aircraft and vessels from these special areas. 

11.3  Mitigation Common to both Activities 

 No disposal of solid waste overboard, in particular, plastics and paper, is permitted in the Nova Scotia 
Offshore Area 

 Dispose of hazardous wastes onshore in Nova Scotia Department of Environment and Labour (NSDEL)-
approved waste facilities 

 Issue Notices to Mariners and carry out direct consultation as applicable to ensure that all interested 
marine stakeholders particularly fisheries interests have advance notice of the planned operations. 
Communications with the fishing industry are to be assisted through the CNSOPB FAC. 

 Adhere to the most recent CNSOPB Compensation Guidelines Respecting Damages Relating to 
Offshore Petroleum Activity in the event that fishing gear is damaged or lost as a direct result of 
offshore exploratory activities.  

 Adhere to most recent Transport Canada Guidelines for the Control of Ballast Water Discharge from 
Ships in Waters under Canadian Jurisdiction.  
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 Implement the corporate Emergency and Oil Spill Response Plan approved by the CNSOPB in the event 
of a hydrocarbon spill including routine spill response exercises.  

 Adhere to the Williams and Chardine (1999) protocol for the handling and collection of injured and dead 
birds and commit to consulting with Canadian Wildlife Service (CWS) on emergency response for 
dealing with oiled birds.  

 Consult with the DFO regarding fisheries research programs, to develop a mutually acceptable 
procedure to minimize disruption to both activities. 

 Adhere to MARPOL Annex VI, Regulations for the Prevention of Air Pollution from Ships and the Air 
Emissions provisions of the Offshore Waste Treatment Guidelines, including the annual reporting of 
greenhouse gases and VOCs. 
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12.0 Species-at-Risk36 

This section addresses Task 5 of the Scope of Work (Section 4) of this data gap study by identifying 
considerations for determining potential VECs for a potential REA. In recent offshore EAs, species-at-risk have 
been the focus of VEC analyses. Besides the current and potential listings of at-risk species, such considerations 
also include the species-at-risk listing process and identification of the responsible regulatory agencies and 
online sources of information for current and pending species-at-risk.  

The Species at Risk Act (SARA) was created to prevent wildlife species from becoming extinct and secure the 
necessary actions for their recovery.  It provides for the legal protection of wildlife species and the conservation 
of their biological diversity. 

While SARA became law on 5 June 2003, the prohibitions under the Act did not become enforceable until June 
2004. These prohibitions make it illegal to kill or harm species listed under the Act (Section 32), or to destroy 
their critical habitats (Sections 33, 58). Although Environment Canada has the lead responsibility for protecting 
species-at-risk under the Act, aquatic (and marine) species fall under the jurisdiction of Fisheries and Oceans 
Canada (DFO). Further, these agencies which are also responsible authorities for projects as defined under the 
CEA Act, are obliged to identify37 any anticipated adverse effects of the project on the listed wildlife species 
and its critical habitat, and if the project is carried out, must ensure that measures are taken to avoid or lessen 
those effects and to monitor them (Section 79).  

There are a number of steps in the listing process. First, an independent group of experts called the Committee 
on the Status of Endangered Wildlife in Canada (COSEWIC) assesses species to determine whether they are at 
risk. COSEWIC’s designations are based on status reports prepared by independent experts, and informed by 
the best available scientific research, community knowledge and traditional Aboriginal insights. 

Status reports are reviewed by COSEWIC’s species specialist groups who then make recommendations to the 
larger COSEWIC committee. The committee’s decision to designate a species considers criteria such as the 
extent of a species’ decline and its overall abundance.  Species that were designated as ‘at-risk’ by COSEWIC 
prior to October 1999 must be reassessed using revised criteria before they can be considered for addition to 
Schedule 1 of SARA38. 

COSEWIC designations are regarded as recommendations to the federal government; the Government of 
Canada makes the final decision on whether species will be listed under SARA. This decision is not made in 
isolation: it is made after the federal government holds extensive consultations 39with affected stakeholders and 
other groups. The outcomes of this process are then used by the Minister to present a recommendation to 
Cabinet as to whether the species should be listed. A species may be assigned a status and added to SARA 

                                                 
36 For detailed information on SARA go to Government of Canada Species-at-risk Registry at 
http://www.sararegistry.gc.ca/default_e.cfm 

37 And to notify the competent minister or ministers in writing of the project. 

38 Such species were placed on Schedule 2 (endangered and threatened) and Schedule 3 (special concern) until they could be 
reassessed by COSEWIC and the Government of Canada decided whether to add them to Schedule 1. Some species were listed under 
SARA when the Act was passed and therefore did not require reassessment.  

39 All interested stakeholders are also to be consulted as new management measures are developed and implemented. The SARA 
registry also provides notice of public consultations and supports participation in decision making. 
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Schedule 1 and legally protected under SARA or a decision to not list may be made. In some cases, species are 
referred back to COSEWIC for further information and reassessment. 

The COSEWIC status categories relevant to the present study are as follows:  

 Endangered - facing imminent extirpation or extinction.  

 Threatened - likely to become endangered if limiting factors are not reversed.  

 Special Concern - a species of special concern because of characteristics that make it particularly 
sensitive to human activities or natural events.  

The listing of species as endangered, threatened or special concern leads to recovery strategies and action plans 
that will contain specific information and recommended activities to protect the species in question and their 
habitats.  

Once a species has been designated as ‘endangered’ or ‘threatened’ and added to Schedule 1 under SARA, the 
responsible federal agency is required to prepare a Recovery Strategy within one year, for species listed as 
endangered, and within two years for species listed as threatened or extirpated. A recovery strategy will outline 
current knowledge about the species, threats, recovery feasibility, and the general approaches that should be 
taken to achieve specified recovery goals and objectives. More detailed action plans are the second phase of 
recovery planning. When a species receives a designation of ‘special concern’, a management strategy must be 
prepared within three years. 

The province of Nova Scotia has two processes for evaluating species status. General status of wildlife species 
is monitored and assessed, assigning red, yellow, green or grey status to species. This is considered a tool to 
determine which species are secure and which are more sensitive to factors that may place them at risk. In 1999, 
Nova Scotia was one of the first provinces to enact legislation to protect species at risk. Like SARA, The Nova 
Scotia Endangered Species Act prohibits the killing or disturbing of species at risk and the destruction or 
disturbance of habitat or residences.  

12.1 Information tables 

Table 12-1 lists the SARA-listed species that may occur in the Study Area, and also indicates their status 
according to the Nova Scotia Department of Natural Resources General Status Ranks, and the Nova Scotia 
Endangered Species Act.  
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Table 12-2 lists the Schedule 2 and Schedule 3 species, as well as new species not previously assessed, that 
have been prioritized by COSEWIC for assessments from October 2008 to November 2010.  

As the federal department responsible for the Migratory Birds Convention Act, 1994, Environment Canada is 
proposing to amend the Migratory Birds Regulations under the Act to introduce new policy tools to improve its 
approach to managing incidental take of migratory birds and conserving migratory bird populations. A 
document which provides background material to facilitate the discussion regarding the incidental take of 
migratory birds and their nests and eggs can be found on the Environment Canada website at http://www.cws-
scf.ec.gc.ca/mbc-com/default.asp?lang=en&n=020E4460-1. 

 

12.2 Information sources online40  

COSEWIC background, listing process  

http://www.cosewic.gc.ca/eng/sct6/index_e.cfm 

 

COSEWIC quantitative criteria for species status designations  

http://www.sararegistry.gc.ca/species/classcriteria_e.cfm 

 

Species recovery under SARA  

http://www.sararegistry.gc.ca/sar/recovery/default_e.cfm 

 

Nova Scotia Department of Natural Resources species at risk  

http://www.gov.ns.ca/natr/wildlife/biodiv/specieslist.htm  

 

Nova Scotia Department of Natural Resources General Status of Wildlife  

http://www.gov.ns.ca/natr/wildlife/genstatus/  

                                                 

40 If an REA proceeds, DFO should be consulted related to possible information on marine species-at-risk that may not be available 
online or in published form.  

 



 

32 

Table 12-1   Species at Risk that May Occur in the Study Area 

Species Habitat SARA Status 
COSEWIC 

Status 
NSDNR 
Status 

NS Endangered 
Species Act 

Fishes 

Porbeagle shark (Lamna 
nasus) 

(Atlantic Population) 

Marine; predominantly 
offshore 

No status Endangered 
(2004) 

NL NL 

White shark 
(Carcharodon 
carcharias) 

(Atlantic Population) 

Marine; predominantly 
offshore 

Consultations and 
analyses regarding 
potential listing 
ongoing  

 

Endangered 
(2006) 

NL NL 

Atlantic Salmon (Salmo 
salar)  

(Inner Bay of Fundy 
Population)  

Anadromous; nearshore 
and offshore while at sea, 
most likely in the Gulf of 
Maine 

Endangered, 
Schedule 1 (2006) 

EN Red  NL 

Atlantic Salmon (Salmo 
salar)  

(Atlantic Population) 

Anadromous; nearshore 
and offshore while at sea 

NL Assessment 
scheduled 
2010 

Red  NL  

Spotted wolffish 
(Anarhichas minor) 

(Atlantic Population) 

Marine; predominantly 
offshore 

Threatened, 
Schedule 1 (2002) 

Recovery Strategy 
- 2008 

Threatened 
(2001) 

NL NL 

Northern wolffish 
(Anarhichas 
denticulatus) 

(Atlantic Population) 

Marine; predominantly 
offshore 

Threatened, 
Schedule 1 (2002) 

Recovery Strategy 
- 2008 

Threatened 
(2001) 

NL NL 

Atlantic wolffish 
(Anarhichas lupus) 

(Atlantic Population) 

Marine; nearshore and 
offshore 

Special Concern, 
Schedule 1 (2002) 

Recovery Strategy 
- 2008 

Species of 
Special 
Concern 
(2000) 

NL NL 

Cusk (Brosme brosme) 

(Atlantic Population) 

Marine; predominantly 
offshore 

Consultations and 
analyses regarding 
potential listing 
ongoing  

 

Threatened 
(2003) 

NL NL 
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Species Habitat SARA Status 
COSEWIC 

Status 
NSDNR 
Status 

NS Endangered 
Species Act 

Shortfin mako (Isurus 
oxyrinchus) 

(Atlantic Population) 

Marine; predominantly 
offshore 

Consultations and 
analyses regarding 
potential listing 
ongoing  

 

Threatened 
(2006) 

NL NL 

Winter skate (Leucoraja 
ocelatta) 

(Eastern Scotian Shelf 
Population) 

Marine; nearshore and 
offshore 

Consultations and 
analyses regarding 
potential listing 
ongoing  

 

Threatened 
(2005) 

NL NL 

Atlantic cod (Gadus 
morhua) 

(Maritime Population) 

Marine; nearshore and 
offshore 

No Status Special 
Concern 
(2003) 

NL NL 

Blue shark (Prionace 
glauca)  

(Atlantic Population) 

Marine; predominantly 
offshore 

Consultations and 
analyses regarding 
potential listing 
ongoing  

 

Special 
Concern 
(2006) 

NL NL 

Birds 

Barrow’s Goldeneye 
(Bucephala islandica)  

(Eastern population) 

Migratory; winters in 
coastal areas 

Special Concern, 
Schedule 1 (2002) 

Management Plan 
drafted (delayed – 
2008) 

Special 
Concern 
(2000) 

NL NL 

Harlequin Duck 
(Histrionicus 
histrionicus) 

(Eastern Population) 

Migratory; winters in 
coastal areas 

Special Concern, 
Schedule 1 (2002) 

Management Plan - 
2007 

Special 
Concern 
(2001) 

Yellow Endangered 
(2000) 

Roseate Tern (Sterna 
dougallii) 

(Eastern Population) 

Breeds; coastal Islands 
and nearshore  

Endangered, 
Schedule 1 (2002) 

Recovery Strategy 
- 2006 

Endangered 
(1999) 

Red  

 

Endangered 
(2000) 

Ivory Gull (Pagophila 
eburnean) 

(Atlantic Population) 

Migratory; nearshore and 
offshore in winter 

Special Concern, 
Schedule 1 (2002) 

Endangered 
(2006) 

NL NL 
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Species Habitat SARA Status 
COSEWIC 

Status 
NSDNR 
Status 

NS Endangered 
Species Act 

Piping Plover 
(Charadrius melodus 
melodus 

Migratory; breeds on 
coastal beaches 

Endangered, 
Schedule 1 

Recovery Strategy 
drafted (delayed – 
2007) 

Endangered 
2001 

 

Red Endangered 
(2000) 

Ipswich (Savannah) 
Sparrow (Passerculus 
sandwichensis princeps) 

(Nova Scotia Population) 

Breeds on Sable island; 
winters in coastal areas 

Special Concern, 
Schedule 1 (2002) 

Management Plan 
– 2006  

Special 
Concern 
(2000) 

Yellow NL 

Marine Mammals  

Blue whale 
(Balaenoptera musculus)  

(Atlantic Population) 

Marine; predominantly 
offshore 

Endangered, 
Schedule 1 (2005) 

Endangered 
(2002) 

NL NL 

Fin whale (Balaenoptera 
physalus)  

(Atlantic Population) 

Marine; predominantly 
offshore 

Special Concern, 
Schedule 3 

Species of 
Special 
Concern 
(2005) 

NL NL 

Harbour Porpoise 
(Phocoena phocoena) 

(Northwest Atlantic 
Population) 

Marine; predominantly 
nearshore 

Threatened, 
Schedule 2 

Special 
Concern 
(2006) 

NL NL 

North Atlantic right 
whale (Eubalaena 
glacialis)  

(Western Atlantic 
Population) 

Marine; offshore and 
nearshore 

Endangered, 
Schedule 1 (2005) 

Recovery Strategy 
– 2009  

Endangered 
(2003) 

NL NL 

Northern bottlenose 
whale (Hyperoodon 
ampullatus) 

(Scotian Shelf 
Population) 

Marine; offshore Endangered, 
Schedule 1 (2006) 

Endangered 
(2002) 

NL NL 

Humpback whale 
(Megaptera 
Novaeangliae) 

Marine; offshore Special Concern, 
Schedule 3 

Not at risk NL NL 

Sowerby’s Beaked 
Whale (Mesoplodon 
bidens) 

(Atlantic Population) 

 

Marine; offshore Special Concern, 
Schedule 3 

Species of 
Special 
Concern 
(2006) 

NL NL 
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Species Habitat SARA Status 
COSEWIC 

Status 
NSDNR 
Status 

NS Endangered 
Species Act 

Reptiles  

Leatherback sea turtle 
(Dermochelys coriacea) 

(Atlantic Population) 

Marine; nearshore and 
offshore 

Endangered, 
Schedule 1 (2002) 

Recovery Strategy 
– 2007 

Endangered 
(2001) 

NL NL 

 

Key to COSEWIC and NSDNR status:  

 Endangered - facing imminent extirpation or extinction. 

 Threatened - likely to become endangered if limiting factors are not reversed. 

 Special Concern - a species of special concern because of characteristics that make it particularly 
sensitive to human activities or natural events.  

http://www.cosewic.gc.ca/eng/sct0/assessment_process_e.cfm#tbl5  

http://www.gov.ns.ca/natr/wildlife/biodiv/specieslist.htm  

 

SARA classification criteria: 

http://www.sararegistry.gc.ca/species/classcriteria_e.cfm  

 

Key to NS General Status: 

Yellow = Sensitive to human activities or natural events 

Red = Known to be or thought to be at risk 

NL = Not Listed 

http://www.gov.ns.ca/natr/wildlife/genstatus/background.htm#Ranks  
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Table 12-2  Priority species for status review by COSEWIC  

Species that may occur in the study are that are “suspected of being at risk in Canada” may be recommended for 
listing in the timeframes indicated. (This list includes High and Mid priority candidates, not the Low priority 
species.) This list includes species considered high priority for assessments, and species for which status reports 
have been initiated.  

Source: http://www.cosewic.gc.ca/eng/sct3/sct3_1_e.cfm October 2008.  

Fishes (marine)  

Group 1 - High priority candidates 

Salmo salar  Atlantic Salmon ON, QC, NB, NS, PE, NL, Atlantic Ocean  

Thunnus thynnus  Bluefin tuna QC, NB, NS, PE, NL, Atlantic Ocean  

Zoarces americanus  Ocean Pout NS, NL, Atlantic Ocean  

 

Group 2 - Mid priority candidates 

Alosa sapidissima American shad BC, QC, NB, NS, NL, Pacific Ocean, Atlantic Ocean 

Antimora rostrata  Blue hake NU, NS, NL  

Bathyraja spinicauda  Spinytail skate NU, NS, NL 

Notacanthus chemnitzi  Spiny Eel Atlantic Ocean 

Pollachius virens  Pollock NB, NS, NL, Atlantic Ocean  

 

Mammals 

Group 1 - High priority candidates (none listed) 

Group 2 - Mid priority candidates 

Ziphius cavirostris  Cuvier’s Beaked Whale Pacific Ocean, Atlantic Ocean  

 

Birds  

Group 1 - High priority candidates 

Calidris pusilla  Semipalmated Sandpiper YT, NT, NU, BC, AB, SK, MB, ON, QC, NB, NS, PE, NL  

Phalaropus lobatus  Red-necked Phalarope YT, NT, NU, BC, AB, SK, MB, ON, QC, NB, NS, NL  

Puffinus puffinus  Manx Shearwater QC, NB, NS, NL 

Status reports in progress 
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Fishes (marine) – November 2008 

Coryphaenoides rupestris  Roundnose Grenadier new report  Assessed as 
EN  

Arctic Ocean, Atlantic Ocean 

 

Mammals (marine) – November 2008 

Orcinus orca Killer Whale (Northwest 
Atlantic / Eastern Arctic 
populations) 

Special 
Concern, 
November 
2008  

Report under 
review  

Atlantic Ocean, Arctic Ocean 

 

Birds – April 2009 

Podiceps auritus Horned Grebe new report Report under 
review  

AB, BC, MB, SK, ON, QC, NB, PE, 
NS, YT, NU, NT 

Sterna dougallii Roseate Tern  Endangered, 
October 1999 

Report under 
review  

NB, NS, QC 

 

Fishes (marine) – April 2009 

Hippoglossoides platessoides  American Plaice new report Report under 
review  

NB, NL, NS, Atlantic Ocean, NU, 
PE, QC, Arctic Ocean,  

Sebastes mentella/fasciatus  Deepwater Redfish / 
Acadian Redfish complex 

new report Report under 
review  

Arctic Ocean, Atlantic Ocean  

 

Fishes (marine) – November 2009 

Squalus acanthias  Spiny Dogfish new report  Report under 
review   

Atlantic Ocean, Pacific Ocean, Parks, 
DFO (BC, NB, NL, NS, PE, QC) 

Urophycis tenuis  White Hake new report  Report under 
review  

Atlantic Ocean, DFO, Parks  

 

Molluscs – November 2009 

Barnea truncata  Atlantic Mud-piddock new report  Report under 
review 

Atlantic Ocean  
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Reptiles – November 2009 

Caretta caretta  Loggerhead Sea turtle new report Draft report in 
preparation 

Atlantic Ocean, Pacific Ocean 

 

Fishes (marine) – April 2010 

Dipturus laevis  Barndoor skate new report  Draft report in 
preparation 

NB, NS, NL, Atlantic Ocean,  

Gadus morhua  Atlantic cod new report  Draft report in 
preparation 

Arctic Ocean, Atlantic Ocean, DFO, 
NWMB, HFTCC (QC, NB, NL, NS)  

 

Fishes (marine) – November 2010 

Hippoglossus hippoglossus  Atlantic Halibut new report  Draft report in 
preparation  

QC, NB, NS, NL, Atlantic Ocean 

 

Fishes (marine) - Date Not Determined  

Salmo salar  Atlantic Salmon new report  Report 
Initialization  

BC, ON, NB, NS, PE, NL, Atlantic 
Ocean 
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13.0 Ecologically and Biologically Significant Areas (EBSAs)  

In order to support the integrated, ecosystem-based management of Canada’s oceans, Fisheries and Oceans 
Canada (DFO) has undertaken programs (Breeze, 2004; Doherty and Horsman, 2007; MacLean et al. 2009 in 
press) to identify EBSAs41 and more recently “candidate” AOIs for MPA planning in several regions, including 
the Scotian Shelf and Slope42.  

The discussion paper by Breeze (2004), Review of Criteria for Selecting Ecologically Significant Areas of the 
Scotian Shelf: A discussion paper, produced twenty-two areas of known or potential ecological significance on 
the offshore Scotian Shelf and Slope (Figure 13-1). Primary criteria included: biological productivity; 
biodiversity; reproductive areas; nonreproductive bottleneck areas; habitat for endangered or threatened species; 
rare or unique habitats and habitat for rare species; and naturalness. Additional weighting criteria were also 
applied which included: dependency/survival; fragility/sensitivity; and significance (i.e., local, regional, global). 
Most identified areas were associated with well-known submarine features - banks, basins, canyons, or 
channels.  

                                                 
41 EBSAs are defined as those areas for which the ecological consequences of severe perturbation are greater than an equal 
perturbation in most other areas or for most other species (DFO 2004). 

42 It should be noted that EBSAs or AOIs have no legal status under the Oceans Act. In contrast, MPAs are legal entities under the 
Oceans Act.  
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Figure 13-1 Proposed EBSAs according to Breeze (2004). Note: The stars indicate general location of the 
identified area. 

 

Doherty and Horsman (2007) identified 42 areas of high ecological significance on the offshore Scotian Shelf 
(Figure 13-2) based on the advice of a diverse group of scientific experts representing federal and provincial 
governments, academia, the Fishermen and Scientists Research Society and conservation organizations. 
Participants’ fields of expertise included biological, physical and chemical oceanography, marine fish, benthic 
ecology, marine plants, geology, marine mammals, marine invertebrates, and marine birds. EBSA criteria 
included uniqueness, aggregation, fitness consequences, naturalness, and resilience. Of these proposed EBSAs, 
five areas were identified by a minimum of five experts. These areas were Northeast Channel, the Gully, 
Haldimand Canyon, Shortland Canyon, and the Stone Fence and Laurentian environs.  



 

41 

 

Figure 13-2 Map of offshore areas identified by scientific experts as proposed areas of ecological and biological 
significance (Doherty and Horsman 2007) 
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The 22 ecologically significant areas identified in Breeze (2004) encompassed most of the 42 areas identified by 
scientific expert opinion in the Doherty and Horsman (2007) report. Breeze (2004) noted that only a few 
submarine canyons were included in her list which is not due to a lack of ecologically significant areas in the 
Scotian slope area but can more likely be attributed to a lack of information about this area.  

DFO has also solicited the input of commercial fish harvesters and traditional knowledge of Aboriginal peoples 
- local ecological knowledge (LEK) to identify EBSAs (Figure 13-3).  LEK may provide additional details on 
areas identified through scientific research or identify areas that may have otherwise been overlooked. When 
comparing the areas identified using scientific expert opinion (Figure 13-2) with areas identified through the 
directed LEK interviews, there were definite areas of overlap. 

 

 

Figure 13-3 Offshore areas identified by fish harvesters during the Local Ecological Knowledge (LEK) survey 
(from MacLean et al. 2009, in press) 
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The Conservation Law Foundation and WWF-Canada (2006) presented a method for identifying a network of 
priority areas for conservation and called for the implementation of a large-scale network of protected areas to 
help restore marine ecosystems and conserve biodiversity in New England and Maritime Canada. Site selection 
was undertaken with MARXAN, a computer program that has been applied to a variety of marine planning 
problems around the world. The MARXAN network was based upon distinctive conservation features (i.e., 
primary production, cetaceans, fish), and upon representative features alone (i.e., benthic and pelagic 
seascapes). Biologically distinctive areas were identified from an ecologically diverse suite of marine life forms 
(i.e., biological conservation features). Distinctive areas were determined by patterns of species richness and 
abundance of bottom-living fishes (i.e., demersal fishes), distributions of whales and dolphins, and the 
distribution of primary producers as estimated from surface chlorophyll concentrations. Sixteen (16) areas were 
located on the Scotian Shelf (Figure 13-4 ) Apparently, coral and species-at-risk were not assigned as high a 
ranking as other input parameters to the model for this application as some special areas such as the Gully 
(Northern Bottlenose Whale) and the Stone Fence (corals) (pers. comm. J. Smith, WWF Canada) were 
overlooked as priority conservation areas. The WWF analysis served to highlight the importance of MPA 
network planning and has spurred subsequent efforts towards a science-based approach to identifying priority 
conservation areas including recent efforts by DFO.  

 

 

Figure 13-4 Location of some existing management areas relative to the network of priority areas for conservation 
(from Conservation Law Foundation and WWF Canada, 2006)  
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As indicated, DFO has recently adopted the MARXAN conservation planning software to MPA network 
planning specifically to identify potential “candidate AOIs” for MPA designation (Fenton and Horsman 2009). 
Prior to its application, weighting factors (0.0 -1.0) based on relative planning priorities are assumed for each of 
the various ecological parameter categories input into MARXAN (Figure 13-5). These assumptions can be 
changed at any time and the model rerun with the new weighting factors as input to the model. At this stage in 
the process, coral diversity, depleted species and endangered whale species were assigned the highest weighting 
factors (0.8-1.0).  

As expected, the priority areas identified using MARXAN overlap with many of the EBSAs identified in by 
opinions of experts (Doherty and Horsman 2007) since they both took many of the same ecosystem features 
into consideration. Exceptions are the nearshore waters around Sable Island (an important feeding area for seals 
and the endangered roseate terns residing on Sable Island) and the ‘Haddock Box’ (a key fisheries conservation 
area) which were not identified in the latest Marxan analysis.   However, it should be noted that the EBSAs 
cover 60% of the Scotian slope and shelf, whilst the network planning map generated by MARXAN covers 
about 22% of the slope, shelf, and also the Bay of Fundy - significantly less. 

 

Figure 13-5 Ecologically important areas identified using MARXAN network planning software (from Fenton and 
Horsman, 2009) 
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For the time being, DFO has an “offshore focus” to network planning with continued emphasis on the Eastern 
Scotian Shelf Integrated Management (ESSIM) area (Horsman and Fenton 2009). There were 14 areas 
generated by MARXAN that are within the ESSIM area. The boundaries of each of these original MARXAN 
areas have been expanded somewhat into what have been termed study areas (Maxine Westhead, DFO pers. 
comm.). DFO will review each of these 14 study areas in detail in terms of why it was selected, what makes it 
‘special’, and which areas qualify as potential AOIs. The evaluation will also consider each site’s potential 
contribution to achieve the objectives for an Oceans Act MPA (Section 35.2). Socio-economic and pragmatic 
considerations for the establishment and management of the MPA will also be part of this evaluation. A key 
output from the site-by-site assessment is a sub-set of sites (i.e., “candidate AOIs”) for discussion and 
consultation with stakeholders in early 2009. Similarly, other protected area agencies (e.g., Parks Canada, and 
other regulators (e.g., DFO, CNSOPB)) will look at the output to determine how their mandates relate to the 
protection of areas selected. Ultimately, one of the “candidate” AOIs - most likely within the ESSIM area will 
be selected to work its way through the MPA designation process. 

While many of the study areas may not qualify as potential candidate AOIs for MPA designation, each study 
area was identified by MARXAN as contributing to DFO’s conservation network planning targets based on 
criteria such representative habitats, structure-providing species, significant species habitat, depleted species 
habitats, etc. Special management measures may be required in future to ensure that their ecological integrity is 
upheld (Maxine Westhead DFO, pers. comm.). 
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14.0 Ecosystem Overview and Assessment Reports (EOARs) 

There is much published scientific information available dealing with the biophysical environment of the 
Scotian Shelf area highlighted by an ecosystem overview report (Breeze 2002) which provided a description of 
the major ecological components and two key ecosystem assessment reports ( DFO, 2003; and Zwanenburg et 
al. 2006).  

The Breeze (2002) overview dealt with the entire Scotian Shelf from the Laurentian Channel separating the 
Shelf from the banks off Newfoundland to the Northeast Channel which separates the Shelf from Georges 
Bank. There was limited discussion of the Scotian Slope area due to the paucity of available information for this 
area.  

The geographic area of focus of the two ecosystem assessment reports was the eastern Scotian Shelf43 
(Figure 14-1) due to departmental priorities in recent years associated with the Eastern Scotian Shelf Integrated 
Management (ESSIM) initiative44. Understanding the nature and functioning of the Eastern Scotian Shelf (ESS) 
ecosystem was necessary since DFO has an ecosystem-based approach to integrated management and to 
provide a context for the development of the conservation objectives required for ESSIM45.  

                                                 
43 Focus in this data gap study is ecosystem-related reports since Breeze (2002). 

44 ESSIM is a DFO-led pilot project tasked with developing an integrated management plan for the sustainable use and protection of 
the marine resources on the offshore portion of the Eastern Scotian Shelf.  

45 Human-use objectives were also developed. 
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Figure 14-1 Bathymetry and place names of the ESS and Slope areas  

 

Breeze (2002) described the structure of the Scotian Shelf ecosystem. This overview provided a description of 
the major ecological components of the Scotian Shelf and neighbouring waters, summarizing what is known 
about the physical environment and marine life of this large geographic area. It was prepared by DFO primarily 
to contribute to integrated management, marine protected areas, and marine environmental quality aspects of the 
region’s oceans and coastal management program. Individual chapters focus on physiographic features and 
surficial geology, physical oceanography, plankton, invertebrates, fish, marine mammals, marine associated 
birds, sea turtles and endangered species. Because it was prepared to assist with ocean management planning, 
spatial aspects of the marine environment were emphasized.  

DFO (2003) and more recently Zwanenburg et al. (2006) provided assessments of the state of the ESS. Their 
analyses were based on trends in all available data series associated with three categories of variables: biotic, 
abiotic and human. Both reports concluded that there was ample evidence that variability in the physical 
environment and lower trophic levels, variability in the abundance of high-level predators, and human activities 
can have significant and long-lasting effects on marine ecosystems. Both assessments concluded that the ESS 
ecosystem has been profoundly altered and exhibits classic symptoms of a trophic cascade and of “fishing down 
the food web”. There has been a significant decrease in the biomass of demersal groundfish species and a 
significant increase in biomass of grey seals, small pelagic species, commercial crustaceans, and phytoplankton. 
The greatest change in the ecosystem is the switch from a demersal-dominated system to a pelagic-dominated 
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system indicating a shift in trophic flow from the demersal to the pelagic side of the food web. All indications 
pointed to the negative effects of fishing on the ecosystem which occurred against a backdrop of a dynamic 
biophysical environment. Other ecosystem-related assessment reports listed under the marine fish VEC in Table 
14-1 also support the same conclusions. Many of the reports referenced in Table 14-1 contribute to addressing 
data gaps for VECs which are identified in Section 20 of this report (see below).  

Zwanenburg et al. (2006) stated that due to the relatively small proportion of the ESSIM area affected and 
modest scope of exploration and development activities to date, oil and gas would likely not result in significant 
overall loss of biodiversity. However both assessment reports cautioned that cumulative effects of human use 
activities (e.g., fishing, commercial shipping, naval operations, offshore oil and gas exploration and production, 
etc.) may act additively and/or synergistically to impact the marine ecosystem. 
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Table 14-1  Key findings of other VEC-related ecosystem assessment reports46 

Relevance to 
Report47 

Reference Author Reference 
Year 

Reference Title Key Finding 

Marine Fish 

Ecosystem-
related 
Assessment 

Litzow et al.   2008 Increased spatial variance 
accompanies reorganization of 
two Continental Shelf 
ecosystems 

Ecosystem reorganization on SS may have been result of persistent overfishing. 

MF2 Ollerhead, LMN 2007 Mapping spatial and temporal 
distribution of spawning area 
for eight finfish species found 
on the Scotian Shelf  

A Geographic Information System used maturity data collected on RV surveys to 
produce trend surface maps illustrating spawning distribution. These maps show 
that spawning had occurred over much of the area covered during the Scotian 
Shelf RV surveys with the highest numbers of spawning individuals found in the 
spring and early summer. Some species had a spatially and temporally localized 
spawning while others were more dispersed in their spawning activities. The 
highest numbers of spawning individuals were found on Western, Emerald, Sable 
Island and Browns Banks. 

Ecosystem-
related 
Assessment 

Gao, Y 2007 Decadal-Scale Stable Oxygen 
Isotopic Variations in 
Seawater and Implications for 
Otolith Thermometer Studies 

Fish otoliths can be used as a thermometer in detecting marine environmental 
changes, if we know the otolith isotopic temperature scale and stable oxygen 
isotopic composition of seawater (delta super(18)O sub(W)) in the past.  

MF2 Mohn, RK; Chouinard, GA 2007 Harvest control rules for 
stocks displaying dynamic 
production regimes 

Cod and haddock display significant differences between productive and non-
productive regimes, owing mainly to a difference in reproductive output. 

                                                 
46 The references listed in Table 14-1 were generated by computerized keyword searches of scientific databases such as ASFA and WAVES. The list includes VEC-related studies 
for the Scotian Shelf area from 2003-present. Due to the regional nature of this data gap study, only reports dealing with more than one subarea (e.g., bank, canyon, basin, etc.) 
within the Study Area are included in the list. For example, if a particular study dealt with Sable Island Bank only it would not be included in the list; whereas if it dealt with Sable 
Island Bank and at least one other subarea within the Study Area for example, Emerald Basin it would be included.  

47 Cross-referenced to specific data gaps in Tables 20-5 & 20-6 (e.g., MF1 refers to item #1 under Marine Fish VEC); Reference to Ecosystem-related Assessments of the 
biophysical environment are relevant to Task 4 of the Scope of Work. 
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Relevance to 
Report47 

Reference Author Reference 
Year 

Reference Title Key Finding 

Ecosystem-
related 
Assessment 

Shackell, NL; Frank, KT 2006 Compensation in exploited 
marine fish communities on 
the Scotian Shelf, Canada 

Groundfish species inhabiting the warmer western region of the SS have shown 
stronger evidence of compensation based on several indices compared to eastern 
shelf species  

Ecosystem-
related 
Assessment 

Trzcinski, MK; Mohn, R; 
Bowen, WD 

2006 Continued decline of an 
Atlantic cod population: How 
important is gray seal 
predation? 

Modeling showed that since the closure of the eastern SS cod fishery, gray seals 
have imposed a significant level of instantaneous mortality and along with other 
unknown sources of natural mortality are contributing to the failure of this cod 
stock to recover. 

Ecosystem-
related 
Assessment, 
MF3 

Anderson, JT; Courtney, RC; 
Lang, CH; Fader, GD 

2006 Acoustic Seabed Classification 
Using Sidescan and Normal 
Incidence Systems at Preferred 
and Non-Preferred Fish 
Habitat Sites on the Scotian 
Shelf 

DFO used acoustic metrics over a four year period (2002-6), to investigate the 
spatial utilization of benthic habitat by demersal fish species on six areas of the 
Scotian Shelf.  

MF1 Neilson, JD; Stobo, WT; 
Perley, P 

2006 Pollock (Pollachius virens) 
stock structure in the Canadian 
Maritimes inferred from mark-
recapture studies 

Based mostly on mark-recapture studies, it was concluded that three stocks co-
occur within the current management unit. The larger population components 
exist in the western and eastern Scotian Shelf areas. 

MF2 Bryan, T., R. Rangeley, K. 
Larade, M. King, J. Smith 

2005 New analysis of juvenile and 
spawning fish distributions for 
use in area-based management. 

An innovative spatial analysis showed that a large proportion of the abundance of 
three selected groundfish species are found in a small number of geographic 
locations during spawning and juvenile stages.  

MF1 Shackell, NL; Frank, KT; 
Brickman, DW 

2005 Range contraction may not 
always predict core areas: An 
example from marine fish 

The core areas of six severely depleted marine fish species on the Scotian Shelf, 
Canada by testing for density-dependent distribution on both regional and local 
scales. A precautionary approach that assumes the existence of low-mixing 
populations that can be differentially affected by fishing is recommended.  

For species at risk, only data derived before significant population declines should 
be used to identify high-density areas. 

Ecosystem-
related 
Assessment 

 Mcclelland, G; Melendy, J; 
Osborne, J; Reid, D; 
Douglas, S 

2005 Use of parasite and genetic 
markers in delineating 
populations of winter flounder 
from the central and southwest 
Scotian Shelf and northeast 
Gulf of Maine 

Discriminant function analyses of infection parameters of parasitic helminths 
revealed that abundances of seven helminth species contributed significantly to 
the delineation of four host populations of winter flounder Pleuronectes 
americanus from the central and southwest Scotian Shelf and the northeast Gulf 
of Maine. 
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MF2 Martinez-Olivares, G 2005 Assessment of prevalence, 
development, and effects of a 
parasitic dinoflagellate in eggs 
of shrimp (Pandalus borealis) 

Throughout the Scotian Shelf, shrimp eggs are commonly infected with a parasite 
that causes them to turn white. The infection causes significant egg losses that can 
reach up to 30% of the egg mass of an individual shrimp. 

Ecosystem-
related 
Assessment  

Anderson, JT; Simon, JE; 
Gordon, DC; Hurley, PC. 

2005 Linking Fisheries to Benthic 
Habitats at Multiple Scales: 
Eastern Scotian Shelf Haddock 

Historical distributions of age-1 juvenile haddock from the eastern Scotian Shelf 
population vary linearly with year-class strength, indicating a dependence on 
demersal habitats. Preferred benthic areas were always more rugged at finer 
spatial scales than nonpreferred areas. 

Ecosystem-
related 
Assessment 

Zwanenburg, KCT; Showell, 
M; Wilson, S 

2005 Ecological Footprints of 
Scotian Shelf Groundfish 
Fisheries 

Long-term impacts of by-catches can also be estimated by hindcasting the 
potential cumulative impacts of fisheries based on current by-catch profiles. 

Ecosystem-
related 
Assessment, 
MF3 

Bundy, A 2005 Structure and functioning of 
the eastern Scotian Shelf 
ecosystem before and after the 
collapse of groundfish stocks 
in the early 1990s 

Ecopath mass-balance models of the ecosystem before and after the collapse of 
eastern SS cod showed that the ecosystem changed from a demersal-feeder-
dominated system to a pelagic-feeder-dominated system.  

Ecosystem-
related 
Assessment, 
MF3 

Bundy, A; Fanning, LP 2005 Can Atlantic cod (Gadus 
morhua) recover? Exploring 
trophic explanations for the 
non-recovery of the cod stock 
on the eastern Scotian Shelf, 
Canada 

As a consequence of the removal of cod by fishing and an ensuing trophic 
cascade, eastern Scotian Shelf cod are trapped in a vicious circle: their abundance 
is being kept low by predation, causing an abundance so low that cod cannot 
compete for prey with their exceptionally abundant competitors. Furthermore, 
these competitors may also prey on younger stages of cod. 

Ecosystem-
related 
Assessment 

Bundy, A 2005 On fishing and forcing: 
gauging the role of 
environmental and 
anthropogenic forces on the 
ecosystem dynamics of the 
eastern Scotian Shelf, Canada 

Modelling results indicated that fishing and trophic dynamics alone are 
insufficient to account for the observed ecosystem dynamics, and those other 
environmental forcing factors affecting key biological processes are involved in 
the collapse of eastern SS cod. 

Ecosystem-
related 
Assessment, 
MF3 

Frank KT, Petri, B, Choi JS, 
Leggett WC 

2005 Trophic Cascades in a 
Formerly Cod-Dominated 
Ecosystem 

A trophic cascade in a large marine ecosystem (eastern SS) is demonstrated.  
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MF2 Panteleev, GG; deYoung, B; 
Reiss, CS; Taggart, CT 

2004 Passive tracer reconstruction 
as a least-squares problem 
with a semi-Lagrangian 
constraint: An application to 
fish eggs and larvae 

An algorithm was applied to observations of silver hake (Merluccius bilinearis) 
eggs and larvae obtained in August 1998 on the Scotian Shelf to estimate the 
mortality rate of fish eggs and larvae. 

MF1 Lage, C; Kuhn, K; 
Kornfield, I 

2004 Genetic differentiation among 
Atlantic cod (Gadus morhua) 
from Browns Bank, Georges 
Bank, and Nantucket Shoals 

Genetic studies suggest that the cod spawning on Nantucket Shoals are genetically 
differentiated from cod spawning on Browns Bank and Georges Bank. 

MF1 McPherson, Arran A; 
O'Reilly, Patrick T; Taggart, 
Christopher T 

2004 Genetic Differentiation, 
Temporal Stability, and the 
Absence of Isolation by 
Distance among Atlantic 
Herring Populations 

The genetic variation among 17 spawning groups of Atlantic herring from eastern 
and western Atlantic locations was assessed. Significant differentiation was 
observed between northeastern and northwestern Atlantic herring and among 
northwestern Atlantic spawning groups at the spatial scale of the SS. Geographic 
distance among SS collections did not explain the pattern of genetic 
differentiation observed 

MF1, MF3 Fisher, JAD; Frank, KT 2004 Abundance-distribution 
relationships and conservation 
of exploited marine fishes 

Temporal trends in the inter and intra-specific relationship for 24 common marine 
fishes on the SS and Bay of Fundy appear to be due to the large spatial- and 
temporal-scale effects of exploitation. 

Ecosystem-
related 
Assessment 

Bundy, A 2004 Mass balance models of the 
eastern Scotian Shelf before 
and after the cod collapse and 
other ecosystem changes 

Modelling demonstrated that the eastern SS ecosystem has changed from a 
demersal dominated system to a pelagic dominated system 

Ecosystem-
related 
Assessment, 
MF3 

Laurinolli, MH; Harris, LE; 
Bundy, A; Fanning, LP 

2004 Compilation of fish stomachs 
data from the Scotian Shelf 
and Bay of Fundy (1958-
2002): CDEENA diet 
composition and consumption 
estimation project 

All fish stomach contents data in the Maritimes Region (1958-2002) was 
compiled in enable analysis of diet composition and to estimate fish consumption. 
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MF1, MF3 Linehan, J 2004 Annotated bibliography of 
habitat associations of juvenile 
demersal fish in offshore shelf 
waters from Newfoundland, 
the Gulf of St. Lawrence, and 
the Maritimes regions 

Juvenile life history stages of demersal marine fish species have the strongest 
fish-habitat interactions. 

Ecosystem-
related 
Assessment, 
MF3 

Fisher, JAD 2004 The Emerald and Western 
Banks Closed Area 
Community: Changing 
Patterns and Their Comparison 

Differences in the fish communities between the closed area and candidate 
reference areas were attributed to variations in local oceanographic conditions. 

MF1 Frank, KT; Simon, JE; 
Mohn, RK 

2004 Evaluation of Areas Closed to 
Fishing on the Continental 
Shelf off Nova Scotia 

Higher concentrations of small haddock do not correspond to the ‘Haddock Box’ 
closed area boundaries  

Ecosystem-
related 
Assessment, 
MF3 

Frank, KT; Choi, J; Petrie, 
B. 

2004 Assessment of 1) the state of 
the eastern Scotian Shelf 
ecosystem and 2) the 
Northwest Atlantic Fisheries. 

Many features of the eastern Scotian Shelf ecosystem have changed dramatically 
during the past thirty years. Opposite patterns occurred over several decades in 
abundances of zooplankton and phytoplankton which was linked to water 
temperature and groundfish and pelagic fish abundances which were linked to 
fisheries exploitation.  

MF2 Rothschild, BJ; Chen, C; 
Lough, G; Stokesbury, KDE 

2004 The influence of the Georges 
Bank wind index on the 
Scotian Shelf Gulf of Maine 
stocks of cod, haddock, and 
scallops 

The distribution of haddock and cod eggs on Browns Bank and Georges Bank 
were linked to wind driven circulation flow. 
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MF2 Reiss, C, I McLaren, P. 
Avendan, and C. Taggart 

2004 Feeding ecology of silver hake 
larvae on the Western Bank, 
Scotian Shelf, and comparison 
with Atlantic Cod 

Study demonstrated differences in the feeding ecology of silver hake and cod 
larvae 

MF1, MF2 Stewart, P, RM Branton, GA 
Black, HA Levy, TL 
Robinson  

2003 EAISSNA- Electronic Atlas of 
Ichythyoplankton on the 
Scotian Shelf of North 
America 

The EAISSNA database provides georeferenced information on the distribution 
and seasonality of fish eggs and larvae48.  

Ecosystem-
related 
Assessment, 
MF3 

Wishner, KF; Gifford, DJ; 
Sullivan, BK; Bisagni, JJ; 
Outram, DM; Van Keuren, 
DE 

2003 Biological signature of Scotian 
Shelf Water crossovers on 
Georges Bank during spring 
1997 

Episodic crossovers of cold low salinity SS Water onto the Northeast Peak of 
Georges Bank were shown to be a potentially important mechanism transporting 
plankton species and its prey and predators, onto the Bank each spring 

Ecosystem-
related 
Assessment 

Dutil, J; Brander, K 2003 Comparing productivity of 
North Atlantic cod (Gadus 
morhua) stocks and limits to 
growth production 

The most productive cod stocks in the North Atlantic were associated with higher 
bottom salinity and temperature. Eastern SS cod was shown to have relatively low 
productivity. 

MF1 Kulka, DW; Simpson, MR; 
Inkpen, TD 

2001 Distribution and biology of 
blue hake (Antimora rostrata 
Gunther 1878) in the 
Northwest Atlantic with 
comparison to adjacent areas 

No indication that Blue hake spawn in slope areas of the SS. 

MF1 Neilson, JD; Clark, D; 
Melvin, GD; Perley, P; 
Stevens, C 

2003 The diel-vertical distribution 
and characteristics of pre-
spawning aggregations of 
pollock (Pollachius virens) as 
inferred from hydroacoustic 
observations: the implications 
for survey design 

Hydroacoustics data confirmed that pollock form pre-spawning aggregations 
which display variations in diel-vertical distribution.  

                                                 
48 Also see Table 15-1 which also lists EAISSNA as an online database.  
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Ecosystem-
related 
Assessment 

Shackell, NL; Frank, KT 2003 Marine fish diversity on the 
Scotian Shelf, Canada 

High species richness of marine finfish was associated with larger areas and 
greater depth range at large spatial scales. Highly diverse areas include the 
Eastern Gully, the slopes, Western Bank and the northeastern shelf 

Ecosystem-
related 
Assessment 

Swain, DP; Sinclair, AF; 
Castonguay, M; Chouinard, 
GA; Drinkwater, KF; 
Fanning, LP; Clark 

2003 Density-versus temperature-
dependent growth of Atlantic 
cod (Gadus morhua) in the 
Gulf of St. Lawrence and on 
the Scotian Shelf 

Temperature, and to a lesser degree density, were associated with variation in 
length-at-age of SS cod over the past 20-30 years. 

MF2 McIntyre, TM; Hutchings, 
JA 

2003 Small-scale temporal and 
spatial variation in Atlantic 
cod (Gadus morhua) life 
history. 

Variation in heritable, fitness-related traits occurs at spatial scales considerably 
smaller than the species range in the Northwest Atlantic. For example, egg 
production of SS cod is almost half that of cod in Sydney Bight. 

MF2 Stewart, PL; Branton, RM; 
Black, GA; Levy, HA; 
Robinson, TL 

2003 EAISSNA - an Electronic 
Atlas of Ichthyoplankton on 
the Scotian Shelf of North 
America 

The EAISSNA database contains information on location and time of spawning, 
and abundance and distribution of eggs and larvae of marine fish on the SS. 197 
scientific publications from 1919 to 2001 were reviewed and original analysis 
conducted on datasets from DFO SS Ichthyoplankton Program (SSIP) and 
Fisheries Ecology Program (FEP) for 1976-82 from data archives, providing 
information on 107 taxa of fish and invertebrates.  

MF1 Marshall CT, O'Brien L, 
Tomkiewicz J, Koster FW, 
Kraus G, Marteinsdottir G, 
Morgan MJ, Saborido-Rey 
F, Blanchard JL, Secor DH, 
Wright PJ, Mukhina NV, 
Bjornsson H 

2003 Developing alternative indices 
of reproductive potential for 
use in fisheries management: 
case studies for stocks 
spanning an information 
gradient 

The relationship between groundfish spawning stock biomass and total egg 
production was shown to be variable and characterized by distinct time trends 

Marine Mammals 

MM2 

MM3 

Abgrall, P., V.D. Moulton 
and W.J. Richardson 

2008 Updated review of scientific 
information on impacts of 
seismic survey sound on 
marine mammals, 2004-
present 

Document provides an updated review of recent scientific information on the 
effects of seismic survey sound from airgun(s) on marine mammals (i.e., data that 
became available from 2004 through February 2008). It reviews conclusions in 
the Canadian Science Advisory Secretariat (CSAS) Habitat Status Report 
2004/002 (DFO 2004a) and describes published information that has become 
available since 2004.  
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MM1 Hooker, SK; Metcalfe, TL; 
Metcalfe, CD; Angell, CM; 
Wilson, JY; Moore, MJ; 
Whitehead, H 

2008 Changes in persistent 
contaminant concentration and 
CYP1A1 protein expression in 
biopsy samples from northern 
bottlenose whales, 
Hyperoodon ampullatus, 
following the onset of nearby 
oil and gas development 

A cytochrome indicator showed generally low expression in whales from The 
Gully, but higher levels during 2003, potentially coincident with recorded oil 
spills. 

MM1 Elvin S.S., C.T. Taggart  2008 Right whales and vessels in 
Canadian waters 

Travel habits and migration patterns of the North Atlantic right whale (Eubalaena 
glacialis) are described.  

MM1 Mellinger, DK; Nieukirk, 
SL; Matsumoto, Haru; 
Heimlich, SL; Dziak, RP; 
Haxel, J; Fowler, M; Meinig, 
C; Miller, H V 

2007 Seasonal Occurrence of North 
Atlantic Right Whale 
(Eubalaena Glacialis) 
Vocalization at Two Sites on 
the Scotian Shelf 

Hydroacoustic survey at two sites on the central and western SS showed right 
whales activity occurring mainly from August through October. 

MM1 Breed, G.A.;  W.D. Bowen, 
J.I. Mac Millan and M.L. 
Leonard 

2006 Sexual segration of seasonal 
foraging habitats in a non-
migratory marine mammal 

Satellite-tagging data demonstrate a large scale, seasonally dynamic spatial 
segregation of male and female grey seal habitat use on the Scotian Shelf. 

MM1 Dalebout, ML, DE Ruzzante, 
H Whitehead, and NI Øien. 

2006 Nuclear and mitochondrial 
markers reveal distinctiveness 
of a small population of 
bottlenose whales 
(Hyperoodon ampullatus) in 
the western North Atlantic 

The distinctiveness and genetic diversity of a small population of bottlenose 
whales in the Gully, a submarine canyon off Nova Scotia, was quantified by 
comparison to other North Atlantic populations using DNA markers. 
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MM2 & 3 Lee, K., H. Bain, and G.V. 
Hurley. Editors 

2005 Acoustic Monitoring and 
Marine Mammal Surveys in 
The Gully and Outer Scotian 
Shelf before and during Active 
Seismic Programs 

There were no indications from various acoustical and visual approaches to 
monitoring that marine mammals including endangered species such as the blue 
whale or northern bottlenose whale were significantly impacted by two active 
seismic programs.  

Key recommendation: Any future study intended to more thoroughly assess the 
impacts of seismic operations or any other human activity on a marine mammal 
population should include the monitoring of whales equipped with satellite-linked 
transmitters, time/depth/velocity- sound recorders or other telemetry devices to 
measure the more subtle changes in behaviour at an individual scale. 

MM1 Whitehead, H; Wimmer, T 2005 Heterogeneity and the mark-
recapture assessment of the 
Scotian Shelf population of 
northern bottlenose whales 
(Hyperoodon ampullatus) 

Available data indicate a poorly mixed population inhabiting the canyons and 
other deeper waters of the SS.  

MM1 
Ecosystem-
related 
assessment 

Baumgartner, MF; Mate, BR 2005 Summer and fall habitat of 
North Atlantic right whales 
(Eubalaena glacialis) inferred 
from satellite telemetry 

Tagged right whales were associated with areas characterized by low bottom 
water temperatures, high surface salinity, and high surface stratification. No 
evidence was found that the tagged right whales associated with oceanic fronts or 
regions with high standing stocks of phytoplankton such as the deep basins of the 
SS. 

MM1 Wimmer, T and H. 
Whitehead  

2005 Movements and distribution of 
northern bottlenose whales, 
Hyperoodon ampullatus, on 
the Scotian Slope and in 
adjacent waters 

A ship surveys along the 1000 m depth contour off the Scotian Shelf in 2001 
showed northern bottlenose whales only in the Gully, Shortland canyon and 
Haldimand canyon (100 km east of the Gully). Studies in 2002 reconfirmed the 
presence of the whales in these other canyons, although densities were about 50% 
lower than in the Gully. Some migration occurred between the Gully and these 
but the population was not fully mixed: at least some individuals had preferences 
for particular canyons. 

Ecosystem-
related 
Assessment 

Iverson, SJ; Field, C; 
Bowen, WD; Blanchard, W 

2004 Quantitative fatty acid 
signature analysis (QFASA): 
A new method of estimating 
predator diets 

Among the 28 prey species in the database, QFASA estimated sandlance to be the 
dominant prey species in the diet of all seals (averaging 62% of diet), followed 
primarily by flounders, and capelin. The QFASA model appears to be applicable 
to a wide range of predators and ecosystems. 
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MM1 Clapham, P; Barlow, J; 
Bessinger, M; Cole, T; 
Mattila, D; Pace, R; Palka, 
D; Robbins, J; Seton, R 

2003 Abundance and demographic 
parameters of humpback 
whales from the Gulf of 
Maine, and stock definition 
relative to the Scotian Shelf 

Photo-ID census data suggested that the abundance of humpback whales on the 
Scotian Shelf is larger than previously recognised  

Sea Turtles 

ST1 Brazner, JC; McMillan, J. 2008 Loggerhead turtle (Caretta 
caretta) bycatch in Canadian 
pelagic longline fisheries: 
Relative importance in the 
western North Atlantic and 
opportunities for mitigation 

Canada's eastern waters off the Scotian Shelf, Georges Bank and Grand Banks 
appear to be seasonal foraging habitats based on dates and locations where they 
have been captured as fishery bycatch.  

ST1, ST2 Holst, M.; Richardson, W. J.; 
Koski, W. R.; 
Smultea, M. A.; Haley, B.; 
Fitzgerald, M. W.; 
Rawson, M. 

2007 Effects of Large and Small-
Source Seismic Surveys on 
Marine Mammals and Sea 
Turtles 

Based on visual and PAM observations, sea turtles (species not specified) showed 
localized avoidance large and small-source seismic air gun surveys off North 
America including NW Atlantic.  

ST1 James MC, SA. Sherrill-
Mix, RA. Myers 

2007 Population characteristics and 
seasonal migrations of 
leatherback sea turtles at high 
latitudes 

Recapture data suggest that although some female turtles proceed to Canadian 
waters within several months of nesting (in the same calendar year), entry into 
high-latitude coastal waters of the western Atlantic may more regularly occur later 
in the nesting remigration interval. Comparison of data from leatherbacks off 
Canada with those from a foraging population at similar latitudes off France 
reveals unequal size-class distributions, which may reflect the different thermal 
regimes in these areas. 

ST1 James, MC; Sherrill-Mix, 
SA; Martin, K; Myers, RA 

2006 Canadian waters provide 
critical foraging habitat for 
leatherback sea turtles 

Geo-referenced sightings data indicated that Canadian waters support one of the 
highest summer and fall densities of leatherbacks in the North Atlantic, and 
should be considered critical foraging habitat for this endangered species. 

ST1 James MC, J Davenport, GC. 
Hays  

2006 Expanded thermal niche for a 
diving vertebrate: A 
leatherback turtle diving into 
near-freezing water 

An individual equipped with a satellite tag that relayed temperature–depth profiles 
dived continuously for many weeks into sub-surface waters as cold as 0.4 °C. 
Global warming will likely increase the foraging range of leatherback turtles 
further into temperate and boreal waters. 



 

59 

Relevance to 
Report47 

Reference Author Reference 
Year 

Reference Title Key Finding 

ST1  James, MC, C. A 
Ottensmeyer and RA Myers 

2005  Identification of high-use 
habitat and threats to 
leatherback sea turtles in 
northern waters: new 
directions for conservation  

Using the largest satellite telemetry data set for Atlantic leatherbacks, 
morphometrics from foraging animals and entanglement records, annual return 
migrations to key feeding areas by males, females and juveniles were shown to 
demonstrate the importance of northern latitudes to leatherbacks and that 
leatherbacks are vulnerable to entanglement in northern coastal and shelf waters, 
where turtle–fishery interactions represent a greater threat to this species than 
previously recognized. 

Marine Benthos 

MB1 Tremblay, MJ, GAP Black, 
RM Brantion 

2007 The distribution of common 
decapod crustaceans and other 
invertebrates recorded in 
annual ecosystem surveys of 
the Scotian Shelf 1999-2006 

Several decapod species had unique distributions with temperature and depth over 
the SS and the known range of some species was expanded based on this analysis.  

MB1  Kostylev, V.E., and Hannah, 
C.G 

2007 Process-driven 
characterization and mapping 
of seabed habitats. 

A case study for the Scotian Shelf and Bay of Fundy in the northwest Atlantic 
Ocean illustrates that the parsimonious nature of the modelling approach allows 
prediction of spatial patterns in benthic habitat types based on readily available 
oceanographic data. 

MB1 Gass SE and JHM Willison 2005 An assessment of the 
distribution of deep-sea corals 
in Atlantic Canada by using 
both scientific and local forms 
of knowledge  

The highest coral species richness is found along the edge of the continental shelf 
between the Gully and the Laurentian Channel at the edge of the Scotian Shelf 
particularly near the Stone Fence and the Gully. 

MB1 Leverette, TL and A 
Metaxas 

2005 Predicting habitat for two 
species of deep-water coral on 
the Canadian Atlantic 
continental shelf and slope 

Predictive modelling was used to dentify suitable habitat for two deep-water coral 
species. Paragorgia arborea, the niche was highly specialized, and characterized 
by steeply sloped environments and rocky substrate. In contrast, for Primnoa 
resedaeformis, suitable habitat was more broadly distributed in the study area, and 
located in areas with high current speed, rocky substrates and an approximate 
temperature range between 5 and 10°C.  

Ecosystem-
related 
Assessment 

Hannah, CG; Drozdowski, 
A; Loder, J; Muschenheim, 
K; Milligan, T 

2006 An assessment model for the 
fate and environmental effects 
of offshore drilling mud 
discharges 

The benthic boundary layer transport (bblt) model estimated that the potential 
impact of barite discharged on Sable Island Bank on scallops in the vicinity of the 
drilling is a few days of lost growth over scales of a few km. 
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MB1 Smith, SJ; Costello, G; 
Kostylev, VE; Lundy, MJ; 
Todd, BJ 

2006 Application of multibeam 
bathymetry and surficial 
geology to the spatial 
management of scallops 
(Placopecten magellanicus) in 
Southwest Nova Scotia 

Bottom habitat maps were developed from multibeam bathymetry, backscatter 
strength and geological sampling have been used by the offshore scallop industry 
to allocate fishing effort. 

MB1 Harding, GC; Drinkwater, 
KF; Hannah, CG; Pringle, 
JD; Prena, J; Loder, JW; 
Pearre, S; Vass, WP  

2005 Larval lobster (Homarus 
americanus) distribution and 
drift in the vicinity of the Gulf 
of Maine offshore banks and 
their probable origins 

Surveys for lobster larvae in offshore waters showed that local hatching occurs 
mainly at depths <100 m over the banks, including Browns Bank on SS. At times, 
older stage larvae were more abundant off the bank than over it. 

MB1 Mortensen, PB; Buhl 
Mortensen, L 

2004 Distribution of deep-water 
gorgonian corals in relation to 
benthic habitat features in the 
Northeast Channel (Atlantic 
Canada) 

The abundance of corals on the Scotian Shelf and Slope areas is controlled by 
factors such as water temperatures, seabed type and larger-scaled topographic 
features governing the current regimes and thus also the supply of food and 
larvae. 

MB1 Mortensen, PB; L. Buhl-
Mortensen; SE Gass; DE 
Gordon Jr.; ELR 
Kenchington;  C 
Bourbonnais and KG 
Macsaac 

2004 Deep-Water Corals In Atlantic 
Canada: A Summary Of 
ESRF-Funded Research 
(2001-2003) 

This report provides a summary of research on deep-water corals and their 
habitats off Atlantic Canada which was carried out by DFO at the Bedford 
Institute of Oceanography during 2001-2003. In some areas, there was clear 
evidence of damage to corals from fishing gear. The results of this project were 
used by DFO to create three conservation areas to protect deep-water corals from 
further damage and allow recovery. Information on deep-water corals below 
500 m continues to be very sparse in Atlantic Canada because of the depth limits 
of our sampling gear. Corals extend much deeper and direct observations deeper 
than 500 m remain a high research priority. 

MB1 
Ecosystem-
related 
Assessment 

Rothschild, BJ; Chen, C; 
Lough, G; Stokesbury, KDE 

2004 The influence of the Georges 
Bank wind index on the 
Scotian Shelf Gulf of Maine 
stocks of cod, haddock, and 
scallops 

 

 

The distribution of scallop food resources (phytoplankton) on SS (Browns Bank) 
were linked to wind driven circulation flow.  
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Seabirds 

SB1 
Ecosystem-
related 

Gjerdrum C, EJH. Head and 
DA Fifield  

2007 Monitoring Seabirds at Sea in 
Eastern Canada 

By utilizing the AZMP sections for seabird surveys, seabird abundance and 
distribution was quantified over a broad geographic area including Scotian Shelf 
and Slope areas. Over time, these data will help identify critical foraging, 
moulting, and roosting areas; migration routes; and the timing of major 
migrations. In addition, the physical, chemical, and biological data collected along 
the same sections allow us to examine linkages between seabirds and their marine 
habitat. 

SB1 
Ecosystem-
related 

Ronconi, R 2007 Identifying critical marine 
habitat for seabirds in the Bay 
of Fundy: A pilot study using 
satellite telemetry to monitor 
the movements of Greater 
Shearwaters 

Since 2006, program deployed 19 satellite tags (4 Sooty shearwaters, 15 Greater 
shearwaters) in Bay of Fundy area. Results show that Greater shearwater transit 
over the Scotian shelf in the fall. In 2008 several tagged birds were staying on the 
Scotian shelf area (including areas around Sable Island) for several days to weeks 
and therefore were likely foraging rather than simply in transit on migration. 

Cumulative effects 

 Brickman. D  2006  Risk assessment model for 
dispersion of ballast water 
organisms in shelf seas  

Mid-ocean exchange of ballast water has resulted in significant release of 
aquatic invasive species in shelf areas.  

 Roddick, D 2005 The Scotian shelf experience 
with emerging bivalve fisheries 

Current management is based on setting long term allowable catch levels for 
emerging fisheries for arctic surf clam and ocean quahog from the Scotian Shelf, 
as there are no annual surveys and little contrast in the data. With the movement 
toward ecosystem based management more information will be required on the 
effects of the fishery on other species. 

 Gilkinson, KD; Gordon, DC; 
MacIsaac, KG; McKeown, 
DL; Kenchington, ELR; 
Bourbonnais, C, Vass, WP 

2005 Immediate impacts and recovery 
trajectories of macrofaunal 
communities following 
hydraulic clam dredging on 
Banquereau, eastern Canada 

Immediately after dredging, most macrofaunal species decreased in abundance, 
with the greatest declines inside dredge furrows (which covered 53-68% of the 
area inside the dredged boxes). The disturbed benthic community was still in the 
colonizing phase 2 years after clam dredging. 
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15.0 Databases  

Much information on recent and historical distributions of VEC species on the Scotian Shelf can be found in 
databases maintained by various agencies. Most of these databases are publicly available ‘online’ (Table 15-1) 
whilst access to others is restricted (Table 15-2).  

The various data sets are the result of systematic surveys (e.g., DFO Maritimes Research Vessel Trawl Surveys, 
most data sets included in Electronic Atlas of Ichthyoplankton on the Scotian Shelf of North America) or 
opportunistic sightings (e.g., Canadian Maritime Regional Cetacean Sightings, Canadian Sea Turtle Sightings 
Database). Most databases contain data from several sources and are considered ‘living’ in that they are 
constantly being updated. Most databases also include data collected over several decades. Some databases 
provide only partial coverage of the Scotian Shelf (Cetacean and Turtle Assessment Program (CETAP), Coastal 
& Oceanic Plankton Ecology, Production & Observation Database (COPEPOD)) and only a few databases 
provide any coverage of the Scotian Slope area (e.g., CWS Eastern Canadian Seabird At Sea Database DFO 
Mesopelagic fish database).  Other data sets provide good coverage of the Study Area but only for a limited 
time period (e.g., the majority of records stored in the Electronic Atlas of Ichthyoplankton on the Scotian Shelf 
of North America are from the Scotian Shelf Ichthyoplankton Program (SSIP) and Fisheries Ecology Program 
(FEP) which were carried out only from 1976-82).  

 All of the databases referred to in Table 15-1 are freely available 'online' (including information about the data 
and the data itself), while access to others (Table 15-2) is more limited. The datasets referred to in Table 15-1, 
along with additional international datasets, can be accessed through the Ocean Biogeographic Information 
System (OBIS)49 website http://www.iobis.org/.  

Databases related to other biophysical parameters (i.e., metocean, climate indices, phytoplankton, zooplankton, 
etc.) can be accessed through the DFO's Integrated Science Data Management website (http://www.meds-
sdmm.dfo-mpo.gc.ca/isdm-gdsi/index-eng.html), including the "BioChem" database of biological and chemical 
oceanographic data (http://www.meds-sdmm.dfo-mpo.gc.ca/biochem/biochem_e.htm) and the Atlantic Zonal 
Monitoring Program (http://www.meds-sdmm.dfo-mpo.gc.ca/isdm-gdsi/azmp-pmza/index-eng.html)", or the 
Coastal and Ocean Information Network Atlantic (COIN Atlantic) website. 

 

                                                 
49 OBIS is a database underlying the Census of Marine Life which is a 10-year global scale project to examine diversity, distribution, 
and abundance of marine organisms in the past, present, and future.  
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Table 15-1  Online databases relevant to VECs in the Data Gap Study Area 

Database Period Area of Interest Comments 

Atlantic Canada Conservation 
Data Centre 

 

http://marinebiodiversity.ca/
OBISCanada/images/ACCD
C.png 

1929-2003 

 

 Focused on rare species in Atlantic 
Canada and adjacent marine waters  

 Biased toward terrestrial species 

Canadian Maritime Regional 
Cetacean Sightings 

http://marinebiodiversity.ca/
OBISCanada/images/MARW
HALE.png 

1966 - present 

 

 Contains mostly contains opportunistic 
marine mammal sightings from a variety 
of data sources (e.g., OGOP, research, 
commercial whaling records) 

DFO Maritimes Research 
Vessel Trawl Surveys - Fish 
Observations 

 

http://marinebiodiversity.ca/
OBISCanada/images/DFOgs
DBfish.png 

1970-79 80-89 
90-99 2000- 

 Reports the abundance and weight of 
demersal fish species captured in 
systematic bottom trawl surveys  

DFO Maritimes Research 
Vessel Trawl Surveys -
Invertebrate Observations 

 

http://marinebiodiversity.ca/
OBISCanada/images/DFOgfs
DBinv.png 

1999-present 

 

 Beginning in 1999, selected invertebrates 
(mostly commercial crustacean and 
mollusc species) began to be 
systematically recorded in DFO 
Maritimes Research Vessel Trawl 
Surveys 

Eastern Canada Benthic 
Macrofauna 

 

http://marinebiodiversity.ca/
OBISCanada/images/ECNAS
AP.png 

1957-2000 

 

 Contains measurements of biomass and 
productivity of seabed macrobenthic and 
megabenthic organisms, from studies in 
eastern North America from New 
England to the Canadian Arctic 
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Database Period Area of Interest Comments 

Electronic Atlas of 
Ichthyoplankton on the 
Scotian Shelf of North 
America 

1903-2002 

 

 Contains information on location and 
time of spawning, and abundance and 
distribution of eggs and larvae of marine 
fish on the Scotian Shelf.  

 Majority of records are from the Scotian 
Shelf Ichthyoplankton Program (SSIP) 
and Fisheries Ecology Program (FEP) 
over the period 1976-82 

Marine Invertebrates 
Diversity Initiative 

 

http://marinebiodiversity.ca/
OBISCanada/images/eaissna.
png 

1948-2002 

 

 Contains records of marine invertebrate 
species that can be found in the waters of 
the Scotian Shelf, Bay of Fundy, Bras 
D'or Lakes and the Gulf of Maine 

 Some links to additional biological 
information 

Nova Scotia Museum of 
Natural History 

 

http://marinebiodiversity.ca/
OBISCanada/images/NSMN
H.png 

1873-2002  Nova Scotia Museum of Natural History 
database for marine organisms, including 
birds, mammals, and fishes 

Cetacean and Turtle 
Assessment Program 
(CETAP) 

http://seamap.env.duke.edu/d
atasets/detail/283 (air 
sightings) 

http://seamap.env.duke.edu/d
atasets/detail/284 
(opportunistic  sightings) 

1978-1982 

 

 Systematic surveys, which covered outer 
continental shelf waters of the 
northeastern United States to 
southwestern Scotian Shelf from shore to 
9.3 km seaward of the 1000 fathom 
isobath, were conducted to assess the 
distribution and abundance of whales, 
dolphins and sea turtles inhabiting the 
study area 

 Data becoming increasingly dated 
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Database Period Area of Interest Comments 

The Coastal & Oceanic 
Plankton Ecology, Production 
&Observation Database 
(COPEPOD) 

 

http://www.st.nmfs.noaa.gov/
plankton/ 

2004 - present 

 

 COPEPOD is an online, global-coverage 
database of zooplankton abundance, 
phytoplankton abundance, and 
ichthyplankton biomass data 

 Limited datasets currently available for 
Scotian Shelf – mostly for SW part of 
the Shelf 

Sable Island Green Horse 
Society 

 

http://www.greenhorsesociety
.com/default.htm 

2002-present 

 

Through updates and new articles, the Sable 
Island Green Horse Society 
website presents an island point-of-view 
which describes: 

 operations and programs of the Sable 
Island Station;  

 the island's flora and fauna; conservation 
issues; 

  scientific research and offshore industry 
activities; visitors; and history.  
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Table 15-2 Restricted-access databases relevant to the Data Gap Study Area 

Database Period Area covered  Comments 

Canadian Leatherback 
Turtle Satellite Telemetry 
Database 

Contact: Mike James, 
Dalhousie University 
mjames@mathstat.dal.ca 

1999-present North Atlantic 
and Caribbean 
Sea  

 Movement and environmental data from ~60 leatherback 
turtles tagged with satellite-linked transmitters 

 Provides information on habitat use, foraging ecology, 
environmental correlates, and high use areas 

 Maintained by the Canadian Sea Turtle Network in 
partnership with Dalhousie University  

Canadian Sea Turtle 
Sightings Database 

Contact: Mike James, 
Dalhousie University  

mjames@mathstat.dal.ca 

1997-present Northwest 
Atlantic 

 Records of opportunistic sightings of sea turtles and sea 
turtles handled during Canadian Sea Turtle Network field 
research activities 

 Records represent free-swimming, entangled, and dead 
turtles, principally reported by fishers, tour boat operators, 
yachters, naturalists and biologists 

 Database also contains all morphometric, sex ratio, and 
tag-recapture data associated with all turtles examined by 
the Canadian Sea Turtle Network and collaborators in 
Eastern Canada 

NMFS/NEFSC (Northeast 
Fisheries Science Centre) 

Cetacean Surveys 

1998, 1999, 
2002, 2004, 
2006 

Gulf of Maine, 
western and 
central Scotian 
Shelf 

 Standardized surveys used to estimate abundances and 
populations trends of various cetacean species 

 Some survey data has been incorporated into the Canadian 
Maritimes Regional Cetaceans Sightings Database 

DFO Mesopelagic fish 
database 

Contact: Jerry Black, DFO 
BlackJ@mar.dfo-mpo.gc.ca 

1986-89 Scotian Slope 
area 

 

 A DFO study of the mesopelagic fish fauna off Nova 
Scotia in 1986-89 collected a large volume of specimens, 
which were subsequently identified to species and the 
specimens were added to the Atlantic Reference Centre 
(ARC) collection; most were catalogued and the fish 
themselves shelved for future reference. 

CWS Eastern Canadian 
Seabirds At Sea Database 
(ECSAS) 

Contact: Dave Fifield , CWS 
david.fifield@ec.gc.ca 

2005-present Grand Banks , 
Scotian Shelf 
and Slope areas 

 CWS program designed to monitor the distribution and 
abundance of seabirds at sea with the goal of identifying 
and minimizing the impacts of human activities. 

 Sampling strategy focuses on observations by seabird 
biologists50 on ships-of-opportunity particularly vessels 
that travel throughout the region at all times of the year 

DFO Maritimes Catch and 
Effort Database 

Contact: Elaine Walker, DFO 
walkere@mar.dfo-mpo.gc.ca 

Mid 1980s- 
present 

Bay of Fundy,  

Laurentian 
Channel, Scotian 
Shelf and Slope 
Waters 

 Geo-referenced catch and effort data for various 
groundfish, shellfish and pelagic fish species.  

                                                 
50 Wilhem and Boyne (2006) pointed out several data quality concerns with respect to using non-expert seabird specialists as 
shipboard observers  
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Database Period Area covered  Comments 

Ocean Tracking Network 

Contact: Dr. Mike 
Stokesbury, Dalhousie 
University 
oceantrackingnetwork@dal.ca 

2005-present Scotian Shelf 

 

 OTN is a new global scale project studying the effects of 
climate changes on the distribution and movement of 
marine animals 

 Currenlty, there are 30 receivers on the Halifax Line off 
Sambro, NS and plans to extend this line out to the edge of 
the Scotian Shelf and lay new lines in the Caboat Strait.  
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16.0 Environmental Effects Monitoring and Mitigation Reviews 

The following are summaries of key reviews of environmental effects monitoring (EEM) or possible approaches 
to mitigation of offshore seismic and exploration drilling activities. 

16.1  Seismic-related 

Payne et al. 2008 (Effects Monitoring) 

Summary 

Literature appearing since 2003 to February 2008 on the effects of seismic on fish and shellfish was reviewed. 
A few studies are now available indicating absence of effects at the population level. However, if seismic 
surveys are having effects on fish or shellfish at the population level, it is understood that they would not be 
readily measurable due to confounding factors such as natural variability, fishing pressure and animal 
migration. The primary concern would seem to be in relation to the potential for producing impacts at the stock 
or sub-stock level, such as in a particular region or bay, or in shallow coastal or Arctic waters. There is some 
evidence suggesting a potential for seismic to have sublethal effects at the individual level both physiological 
and histopathological. 

Seismic airguns can produce low levels of noise at considerable distance from source. However, with respect to 
ambient ocean noise and animal behavior, the cacophony of noise associated with ships could be of greater 
importance. 

Recommendation(s) 

There is need for selected dose-response studies to investigate for effects at the individual level in order to 
provide a better informed opinion on any risk that may be associated with seismic surveys. Selected studies 
would also be of value for the development of potential indices which might be of interest for use in any 
required monitoring programs. 

A few representative studies focused on elucidating potential chronic effects, such as under the conditions of a 
3D survey, are also warranted. For instance, would exposure of codfish to seismic sounds over a 3-week survey 
period perturb neurohormonal systems to a sufficient degree to affect the internal development of eggs or 
sperm? Such representative studies are needed if only for assurance. They would also help to identify any need 
for airgun-based sound reference levels for fish and shellfish, an undertaking which would be gargantuan in 
nature given the myriad numbers of species that could be invoked for study. 
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Postscript 

The following is a postscript from Dr. J. Payne to the editor of a DFO report summarizing the findings of a 
snow crab study off Cape Breton which builds on the Payne et al. 2008 paper: 

“Payne et al (2008) recently carried out an update on the effects of seismic on fish and 
shellfish. The update was carried out for a workshop on seismic held by DFO in March, 2007. 
Regarding the Cape Breton study on snow crab the following was stated, "evidence supporting 
an hypothesis that the various effects observed were due to normal variability (and not due to 
seismic) has also recently been obtained from an ESRF supported study in Newfoundland 
(DFO, NL Region, unpublished). Female crab were exposed to higher sound levels than those 
measured at the test site in the Cape Breton study and maintained in the lab for several 
months. No difference was observed with respect to mortality, leg loss, egg loss or 
hepatopancreas and ovary histopathology. The results support the earlier preliminary study on 
snow crab carried out by Christian et al. (2004).” 

 

DNV51 Energy 2007 (Effects Monitoring) 

Summary 

Marine seismic surveys are the most important tool the authorities and the petroleum industry have for mapping 
potential deposits of oil and gas under the seabed and for following the development in the reservoirs. These 
surveys are conducted by sending sound waves into the seabed. The time it takes for these waves to be reflected 
back from the formations, as well as the energy content in the reflected signals, provides a basis for evaluating 
the properties of the deposits. 

Comprehensive studies have been performed by parties including the Institute of Marine Research to prove any 
potential effects of seismic surveys on marine organisms. The results of this research show that harm to 
individual fish and increased mortality from firing air guns can occur at distances less than five m from the air 
guns. The most frequent and serious injuries occur at distances up to approx. 1.5 m. Fish in the early stages of 
life are most vulnerable. The extent of the seismic-induced mortality for commercial species in Norwegian 
waters is so low that it is considered not to have a significant negative impact on recruitment to the populations. 

It has been documented that adult fish are frightened by the sound waves from seismic activity, and pelagic fish 
seem to be the most sensitive. The scare effect has been demonstrated in a radius of up to more than 30km from 
the sound source. If fish that are on their way to the spawning grounds are exposed to this type of noise, or if 
they are exposed to the noise during the actual spawning, the effects can have an impact on the fish's spawning 
success. Exposed fish may expend more energy on the spawning journey than fish that are not interrupted, and 
the spawning itself may be more or less deferred in time or displaced in space. Therefore, to avoid such effects, 
time restrictions have been introduced for seismic activity in spawning areas for important species, and in areas 
where concentrated spawning journeys take place. 

The scare effects can entail catch reductions that will vary from species to species and between the various 
types of fishing gear. A Norwegian survey shows reduced trawl catches of e.g. cod out to approx. 33 km from 
the sound source, while another study shows reduced line catches out to approx. 8 km from the sound source. 
The results of a study in Australia during the period 1996-1999 show that there are scare effects out to distances 
                                                 
51 Det Norske Veritas (DNV) is a global provider of services for managing risk. An independent foundation with the objective of 
safeguarding life property and the environment., DNV comprises 300 offices in 100 countries, with about 9000 employees. 
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of 1-2 km from the seismic vessel, but that they do not necessarily lead to negative effects for the fish or the fish 
population. There is not enough data to determine when fish that have been frightened by air canon firing return 
to an area they have abandoned, or in some other manner become just as abundant for catching as before the 
seismic shooting started. The effects are considered to be geographically limited, while local catch reductions 
have certainly been documented. This is significant for the individual fisherman.  

There is no documented sea mammal mortality as a consequence of seismic surveys. Studies of individual 
incidents in which whales have stranded and seismic activity has occurred in the same area during the same 
time have been unable to document a cause and effect link. Nor are there any documented injuries to sea 
mammals in fields as a result of seismic surveys. The effects that have been found are typical changes in 
behavior, such as whales leaving areas where there is seismic activity. 

In general, it can be confirmed that seismic surveys may have certain negative consequences for marine life in 
the nearby area. However, there are no results that indicate serious and long-lasting harm to populations of fish 
and sea mammals. 

Recommendation(s) 

None. The terms of reference of the study did not allow for recommendations to be offered by the authors.  

 

JIP 2007 (Effects Monitoring) 

Summary 

The workshop reviewed different aspects of the technology required by the OGP Joint Industry Programme on 
Sound and Marine Life and assessed the gaps in technology that are likely to be relevant to this Programme. 

The workshop found a good correlation between the requirements of the OGP-JIP Research Programme with 
questions that the academic/scientific community viewed to be important to exploration and production 
operations: 

 The ability to measure changes in behaviour during feeding is important. Displacement from feeding 
areas could provide valuable insights if linked to life functions using appropriate models of animal 
energetics; 

 Although highly desirable from a risk assessment perspective, there are no current technical solutions 
that could realistically address vital rates or many of the life functions (breeding, predator avoidance, 
nursing);  

 It is important to improve our ability to interpolate from measurements made at the level of individuals 
to the level of social groups and populations; and 

 Physiological parameters such as heart rate and breathing have the potential to inform how animals 
sense and react to sound, and indirectly could provide an assessment of the significance of different 
exposure levels. 

Recommendation(s) 

There were very significant technology gaps in several critical areas. Applications of technology are very 
restricted because of a need to (i) overcome several generic constraints concerning the ability to attach 
instruments and communicate data and (ii) develop the ability to measure behavioural/physiological response 
variables to tritrate effects, mainly because sample sizes are very small. 
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In particular the gap analysis showed that there is a need to: 

 Develop fundamentally new approaches to supplying power to instruments; 

 Develop better attachments, particularly for small cetaceans; 

 Improve the rate of data transfer and retrieval from tags; and 

 Develop a coordinated approach between some of the main players in instrument development and 
between research groups to produce a modular tag design. 
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Noise Control Engineering 2007 (Mitigation) 

Summary 

Noise Control Engineering, Inc. (NCE) was contracted by the Joint Industry Programme on E&P Sound and 
Marine Life (JIP) to compile, assess, and summarize information on technologies capable of reducing 
underwater sounds created by oil and gas industry activities. The purpose of this study was to investigate 
current and future potential treatment options for all sources of underwater sound from offshore oil and gas 
activities including exploration activities. Information was collected from various sources including technical 
and trade journal articles, contacts with representatives of companies that produce or develop noise control 
products and technologies, contacts with members of academia, and information provided directly by members 
of JIP and the International Association of Oil and Gas Producers (OGP). This report was not intended to 
evaluate the potential impact of a given noise reduction on marine life, nor establish particular noise goals. The 
treatments described in this report were provided as a reference for any group or individual who determines 
underwater noise reductions are necessary (either now or in the future), or is tasked with achieving a certain 
noise goal for a given activity. 

Only one attempt to reduce noise from air guns was found – an “air gun silencer”. This treatment showed a 
maximum of 6 dB of attenuation at frequencies above 700 Hz for 50 bar air guns. The silencer uses an 
acoustically absorbent foam rubber that is oriented radially around the air gun. This treatment is currently a 
‘proof of concept’ design and would require future research to become a viable solution. 

Several alternatives to conventional seismic sources were identified. Electro-mechanical and petrol-driven 
acoustic projectors have been prototyped and show large reductions (30-65+ dB) in sound level above 100 Hz. 
Sound reduction at frequencies below 100 Hz is also possible through the use of alternative source signals and 
advanced cross-correlation processing procedures (published data shows a reduction on the order of 15 dB 
below 100 Hz). These systems are currently in development and may be commercially available in a few years. 
Marine vibrator systems (e.g., marine vibroseis) have been tested in water depths ranging from 4 feet to 380 m. 
The maximum usable water depth is a current limitation of these systems. It is believed that these systems could 
be used in water deeper than 380 m if multiple or larger sources are used (increasing the effective source level) 
or longer integration times are used. A separate study of the effects of marine vibroseis on marine life is 
currently being funded by the JIP. 

Recommendation(s) 

None. The terms of reference of the study did not allow for recommendations to be offered by the authors.  

16.2 Exploratory Drilling-related 

Hurley and Ellis 2004 (Effects Monitoring) 

Summary 

The objective of this review was to determine, based upon a scientific examination, including but not limited to, 
pertinent environmental effects monitoring (EEM) information and data associated with offshore exploratory 
and development drilling in Canada. In consideration of applicable international scientific information, what 
impacts of exploratory drilling are known, what impacts are uncertain and what scientific gaps currently exist in 
scientific understanding either of the interaction between exploratory drilling and the receiving environment or 
the changes or impact in the receiving environment as a result of the activity, including cumulative impacts. 
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The areal and temporal extent of discharged drill wastes appears to be related to differences in the number of 
wells/volume of discharges, oceanic and environmental conditions such as current speed and direction, water 
depth or sediment mobility at the drilling location. 

Changes in the diversity and abundance of benthic organisms were detected within 1000 m of drill sites, most 
commonly within the 50 to 500 m range of drill sites. The results were consistent for both literature review case 
studies and for the Canadian EEM data. This scale of effects apply to wells discharging SBM or WBM and for 
multiple or single wells drilled at the same site. Beyond the bottom area covered by the cuttings pile, benthic 
communities generally returned to baseline conditions within one year after cessation of drilling discharges. 

Elevated body burden concentrations of drill waste indicators were generally detected over larger scales (1600- 
2600 m) in a wide range of taxonomic groups than the spatial area detected for benthic community change 
(within 1000 m). 

Results of laboratory and field studies suggest a low potential for toxicity or health effects on commercial 
finfish and shellfish species. Chronic toxicity studies showed limited bioaccumulation of polycyclic aromatic 
hydrocarbons (PAH) in flounder exposed to sediments containing high levels of petroleum hydrocarbons. 
Although reported to occur in fish around some rig sites, no early warning health effects have been observed in 
east coast EEM programs using biochemical and/or histopathological indicators of chemical stress in American 
plaice and a variety of shellfish species. Similarly taint was not detected for any of the species tested within the 
Canadian EEM programs where SBM or WBM were used for drilling52. 

The potential cumulative impacts of exploration drilling on the marine environment need to be considered in 
light of other existing anthropogenic activities. Seismic noise is higher (248-255 dB) and more impulsive than 
the continuous sound levels from drilling-related noise. The marine transportation industry in particular, is 
responsible for much oil contamination at sea from the illegal discharge of oily wastes and bilge water. Fishing 
practices such as clam dredging, scallop dragging and fish trawling can also potentially disrupt hundreds to 
thousands of km2 of benthic habitat.  

Recommendation(s) 

None. The terms of reference of the study did not allow for recommendations to be offered by the authors.  

 

Noise Control Engineering 2007 (Mitigation) 

Summary 

See above for background on purposes and approach to this study.  

Noise from production and drilling platforms is often dominated by vessel noise53. As such, vessels supporting 
these platforms should be treated individually. In some cases it may be possible to develop methods that allow 
vessels to moor or otherwise secure themselves to platforms or other structures so that they can turn off their 
thrusters (which is the dominant source of noise). Noise levels from platforms vary depending on the platform 

                                                 
52 It should be noted that taint was observed during Cohasset Panuke Project (1992-99) where Low Toxicity Mineral Oil (LTMO) 
drilling muds were used to drill some wells.  

53 Acoustical monitoring near a SOEP platform during active drilling in 2005 affirmed that observed noise levels were primarily 
influenced by noise generated by supply boat thrusters (i.e., drilling noise was a minor contributor to the noise field) Source: SOEP 
presentation at the Gully Advisory Meeting May 2, 2006. 
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type. When vessel contributions are removed, drill ships have the highest source levels, followed by semi 
submersibles, FPSOs, and other floating platforms. Fixed platforms have lower underwater radiated noise levels 
than floating platforms, and gravel islands appear to have the lowest source levels of any oil and gas industry 
activity. Noise generated by the drill head itself does not appear to be a significant source of noise.  

Recommendation(s) 

None. The terms of reference of the study did not allow for recommendations to be offered by the authors.   
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17.0 Exploration and Production (E&P) Sound and Marine Life Joint Industry Programme (JIP) 

The goal of this programme, which is supported by a consortium of oil and gas companies organized under the 
Offshore Gas Producers based in London, England, is to obtain valid data on the effects of the sounds produced 
by oil and gas exploration and production activities on marine life with the principal focus being seismic effects 
on marine mammals.  

The scope of this programme reflects the diverse interests of the JIP partners and the global nature of their 
operations. The programme supports research on all sources of sound produced by the offshore oil and gas 
industries, including seismic airguns, drilling, dredging, pile driving, construction equipment, removal of 
offshore structures using explosives, shipping, and others. The taxa of concern include marine mammals, fish 
(all life stages), turtles, birds, and invertebrates. The JIP supports research in any nation. 

The primary scope of the programme’s research is to describe industry sources, the known or potential effects 
of these sources on animals, and ways to mitigate these effects. Secondarily, the programme addresses some 
larger questions about anthropogenic sound that go beyond immediate industry needs, such as the global trend 
in ocean noise from all sources of human sound, the mechanisms that underlie animal injury or death from 
intense sound exposure, conferences discussing the latest research results, and others. 

JIP Phase 1 made a thorough survey of knowledge gaps on sound sources and acoustic effects on animals. JIP 
Phase 2 re-named these ‘knowledge gaps’ as ‘research topics’, and used them to seek proposals from 2006 to 
2008. New developments in science during those years have modified the list of research topics somewhat.  

The knowledge gaps/research topics currently being studied by a variety of research agencies situated in 
Canada, the United States of America and overseas and funded under this programme are summarized in Table 
17-1 under the following five (5) categories: 

 Sound source characterization and propagation 

 Physical and physiological effects and hearing 

 Behavioural reactions and biologically significant effects 

 Mitigation and monitoring 

 Research tools 

 



 

76 

Table 17-1   Current research projects being funded under JIP E&P Programme 

JIP Project Research 
Organization 

Project Objectives 

Sound Source Characterization & Propagation ($6.1 Million in funding) 

Review of existing data on underwater 
sounds produced by the oil & gas industry 

Seiche 
Measurements 
Ltd., UK 

 Find existing published work on underwater noise 

 Review existing published work on underwater noise 

Standardizing methods of measuring 
underwater sound 

ExxonMobil  Standard for the acquisition of acoustic data (equipment and methodology) 

 Standard for the analysis of acoustic data (metrics, correction factors and calibrations) 

Single airgun and cluster measurement 
project 

PGS  Conduct near-field and far-field measurements of airgun signatures up to 50 kHz. 

SCS 07 – Measurements and modeling for 
3D Characterization of a seismic airgun 
array field, Parts I and II 

University of 
New Orleans, 
US Navy, 
ExxonMobil 

 Design and conduct an experiment to measure the three-dimensional acoustic field of a seismic airgun array 
in the water column with comprehensive solid angle and range coverage and accurate knowledge of source 
and hydrophone locations 

 Analyze the measured data for peak pressure, sound exposure level, spectral content, one- third octave bands, 
and array directional pattern  

 Model the sound propagation from the array using source signatures and a parabolic equation acoustic 
propagation program code modified to include multiple sources 

Environmental assessment of marine 
vibrosis (MV) 

LGL  Evaluate available technical data on MV  

 Conduct modeling to assess the acoustic and particle velocity footprints of MV sources  

 Assess potential impact of MV units on key biological receptors, and compare impacts with those expected  

 if air guns were used  

 Recommend mitigation measures appropriate to MV, including sweep properties  

 Identify data gaps and recommend future studies to address those data gap 

Physical, physiological and hearing effects of sound ($2.9 Million in funding) 

Marine mammal TTS tests with a seismic 
airgun sounds source 

US SPAWAR 
Lab 

 Measure TTS in odontocetes exposed to a seismic airgun sound source  

 Relate the physiological effects on hearing with acoustic variables related to the airgun sound source  

 Develop safe exposure criteria for mitigation purposes 

Assessing the hearing capabilities of 
mysticete whales: a proposed research 
strategy for the JIP on sound for marine 
life 

University of 
California Santa 
Cruz 

 Create a research strategy for measuring hearing in mysticete whales 
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JIP Project Research 
Organization 

Project Objectives 

Marine mammal noise exposure criteria: 
Initial scientific recommendations 

Western Illinois 
University 

 Compile comments from 13 authors into a single issue of Aquatic Mammals Journal 

Minke whale hearing: micro to macro 
analyses pt 1: cytoarchitecture and head 
anatomy 

Woods Hole 
Oceanographic 
Institution 
(WHOI) 

 Develop a morphometric database for minke whale middle and inner ears 

 Direct stiffness measures of the middle ear and of representative points of the inner ear membrane 

 Completion, testing, and publication of a model, generic minke whale audiogram 

Modeling mysticete hearing Boston 
University 

 Develop a database of anatomical models for the cetacean auditory periphery  

 Develop a database of middle-ear stiffness measurements  

 Develop a database of basilar membrane stiffness measurements  

 Develop an acoustic power-flow model for cetaceans 

Auditory evoked potential audiogram, 
seasonal movement measurements and 
vocalization of individual Minke whales in 
Icelandic waters 

University of 
Hawaii 

 Catch a minke whale with an Icelandic purse-seiner 

 Measure the hearing of a minke whale using auditory evoked potentials 

 Tag the whale, release it, and track it to assure its survival and track its natural migratory patterns 

Hearing capabilities of Loggerhead sea 
turtles (Cattera cattera) throughout 
Ontogeny: An integrative approach 
involving behavourial and electrophysical 
technique 

Virginia 
Wesleyan 
College 

 Collect behavioral audiograms from hatchling, juvenile, and sub-adult/adult loggerhead sea turtles  

 Collect auditory brainstem responses (ABRs) from the same turtles considered in behavioral experiments  

 Determine if hearing frequency range and threshold recorded in behavioral and ABR experiments are 
consistent  

 Determine if hearing capabilities change during ontogeny 

Blood nitrogen uptake and distribution 
during diving in Bottlenose dolphins 

Bionimetica  Determine heart rate responses in a diving dolphin  

 Measure blood nitrogen levels in a diving dolphin 

 Evaluate chest impedance signal as indicator of lung volume (inadequate signal) 

 Obtain blood nitrogen samples during dives (technique development begun but judged infeasible for a free-
diving dolphin at this time by staff veterinarians) 

Models for predicting auditory tissue 
damage in fish 

Pennsylvania 
State University 

 Predict onset of auditory tissue damage in different species of fish exposed to different types of acoustic 
signals by developing a mathematical model of the peripheral auditory mechanics and correlating it with 
results of studies in the literature 

 Enhance understanding of mechanisms for auditory tissue damage in fishes 

 Enhance understanding of acoustic metrics associated with auditory tissue damage in fish 

Effects of noise on aquatic life University of 
Maryland 

 Provide opportunity for individuals working with different animal groups and taking different experimental 
approaches to share findings and ideas.  

 Define major research questions for future studies 
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JIP Project Research 
Organization 

Project Objectives 

Behavioural Reaction & Biological Significance ($2.9 Million in funding) 

Effects of sound exposure on the behaviour 
of toothed whales 

SMRU  Establish, test and refine new protocols for studying beaked whales using established underwater sound 
playback experiment paradigms 

 Define responses of beaked whales, and other species of odontocete whales, to mid- frequency active (MFA) 
sonar and natural sounds such as those from killer whales  

 Measure exposure parameters for sounds that evoke a behavioral response 

Testing of developed GPS/Depth tags on 
sperm whales in the Sea of Cortez 

Oregon State 
University 

 Demonstrate GPS locations can be acquired from a whale tag and relayed via Argos.  

 Demonstrate GPS/TDR tag can be released from the whale and retrieved at sea.  

 Determine the accuracy of GPS locations & can lead to tag recovery  

 Recover dive behavior summary data via Argos messages and TDR records from recovered tags  

 Demonstrate that satellite-acquired data can be evaluated in the field for adjusting a future CEE 

Cetacean stock assessment in relation to 
exploration and production industry 
sound: 1 

CEFAS  Investigating relationships between E&P industry sounds and cetacean stock trends  

 Assessing the relationship between recovery rates and sound exposure by the E&P industry 

 Identification of factors affecting cetacean population growth rates 

 Suggestions for more detailed empirical analysis 

Cetacean stock assessment in relation to 
exploration and production industry 
sound: 2 

LGL  Summarize existing and historical stock data for key cetacean populations in the areas of interest 

 Identify and quantify historical and current E&P activities in the areas of interest 

 Identify non-industry related factors that may influence key population abundance and distribution in the 
areas of interest 

 Correlate the data obtained on E&P activities with the historical cetacean stock assessment data for each 
species  

 Evaluate how the information collated and assessed may be used in the Population Consequences of Acoustic 
Disturbance (PCAD) model  

Cetacean stock assessment in relation to 
exploration and production industry 
sound: 3  

SMRU  Collate current information on global cetacean stocks within Areas of Relevance (AOR) 

 Use available data to determine trends in cetacean stocks within AOR 

 Identify key factors which control or influence cetacean stocks in AOR 

 Relate cetacean stock trends to oil and gas exploration and production sound data 

 Identify species and regions suitable for more detailed analysis or data collection 
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JIP Project Research 
Organization 

Project Objectives 

Cetacean stock assessment in relation to 
exploration and production industry 
sound: 4 (Northwest Europe)  

SEAWatch 
Foundation 

 A table listing all cetacean species recorded, together with their status for the EEZs of all Northwest 
European countries  

 A summary of all major sightings data holders in Northwest Europe with meta-database details  

 A report detailing the results of analyses of long-term cetacean sightings data in relation to E&P Industry and 
other anthropogenic activities, and review of the literature relating to interaction of cetacean stocks and E&P 
activity  

 A review of information gaps with recommendations for future work. 

Critical Review of the Literature on Marine 
Mammal Population Modeling  

Nova 
Southeastern 
University 

 Review scientific literature on marine mammal population dynamics and to determine which vital rates most 
influence the growth and sustainability of marine mammal populations 

 Evaluate the influence of life-history, ecological, and genetic variation on vital rates and population 
sustainability and to determine how much each vital parameter can change before a change in population 
trend would be expected 

 Examine the influence of ecological energetics and foraging strategies on vital rates and their limits of 
sustainable change, and explore how an increase in sound in the marine environment might influence marine 
mammal behavior, and thus life functions, vital rates, and population sustainability 

Critical Review of the Literature on 
Population Modeling  

 

Sea Mammal 
Research Unit 
(SMRU) 

 Summarize current scientific understanding of the relationships between demographic characteristics and 
trends in the abundance of marine mammal and fish population 

 Describe the way in which current regulations and other limits on the “take” of marine organisms are related 
to these population characteristics 

 Indicate how these practices might be modified to apply to the concept of Biological Significance and 
incorporated into the PCAD approach developed by U.S. National Academy of Sciences 

Field studies on seal foraging success as 
input to the PCAD model  

University of 
California 

 Development of analytical approaches to elucidate temporal and spatial distributions of critical (foraging, 
breeding migration) marine mammal habitat 

 Development of time-activity budgets for two model marine mammal species 

 Experimental manipulation of two model species to quantitatively assess increased foraging effort 
(anthropogenic disturbance or ‘poor’ environmental conditions) 

 Demographic modeling of variables in the time-activity budget and experimental manipulations to assess 
impacts at the level of the population on multiple time scales 

Application of Risk Assessment for 
Evaluating the Effects of Sound from E&P 
Operations on Marine  

LGL  Develop a comprehensive methodology to assess risk to cetaceans and pinnipeds from a variety of sound 
sources associated with offshore E&P activities  

 Summarize key sound criteria for impacts on marine mammals 

 Assess existing risk assessment tools to determine their application to sound exposure 

 Modify existing risk assessment tools, if feasible, to meet specific sound-related criteria 



 

80 

JIP Project Research 
Organization 

Project Objectives 

A review of literature to estimate PCAD 
related transfer functions  

Murdoch 
University 

 To review literature relevant to the PCAD model for guidance in developing transfer functions  

Mitigation & Monitoring ($3 Million in funding) 

Review of existing and future potential 
treatments for reducing underwater sound 
from oil & gas industry activities 

Noise Control 
Engineering 
Inc. 

 To identify current and future methods of reducing underwater sound from all aspects of oil and gas industry 
activities 

Identification of potential utility of and 
collation of existing marine mammal 
observer (MMO) data 

RSK Group  Identify available MMO data  

 Investigate of existing databases and analyses performed  

 Identify of key questions that could be addressed with these data  

 Modify and standardize MMO data recording sheets to improve future utility of MMO data  

 Design a database to handle preferred MMO data 

Integration and testing of an Acoustic 
Vector Sensor into 3D tracking PAM 
Array to Resolve Left/Right Ambiguities 

UCSD (SIO)  Design and construct a towed array vector sensor module 

 Demonstrate ability to distinguish port from starboard without turning towed array 

 Demonstrate ability to eliminate interference from towing vessel 

Semiautomated, Open Source Software for 
Real-Time Acoustic Detection and 
Localisation of Cetaceans 

SMRU  Develop a real time infrastructure for the development of PAM systems  

 To implement functionality from already existing, commonly used, PAM systems  

 To develop and implement new detection and tracking modules 

Development and Implementation of 
Automatic Classification of Odontoctes 
Within PAMGUARD  

SMRU  Develop new whistle contour extraction methods 

 Develop new statistical classification methods for clicks and whistle contours  

 Implement new algorithms into PAMGUARD 

Passive Acoustic Detection and 
Localization in PAMGUARD 

Oregon State 
University 

 Implement detection methods in PAMGUARD  

 Implement localization methods in PAMGUARD  

 Provide user and developer documentation for these methods 

PAM Mysticete Detection Algorithms and 
Performance - An improvement for 
PAMGUARD 

Akoostix Inc.  Improve and implement flexible maximum-likelihood detector in PAMGUARD  

 Reliable well-documented software module using structured engineering processes  

 Suggest user interface and usability improvements for PAMGUARD 
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JIP Project Research 
Organization 

Project Objectives 

Development (and PAMGUARD 
integration) of software for real-time 
acoustic identification of cetacean species 

University of 
Hawaii 

 Improve the classification success of species identification software (ROCCA)  

 Expand capabilities of ROCCA to include additional species  

 Make ROCCA more streamlined and user-friendly  

 Incorporate ROCCA into PAMGUARD 

Health of the field – Fixed PAM 
technology/methodology inventory 

INSIG Inc.  Identify and assess currently available and emerging fixed PAM technologies capable of detecting, 
classifying and localizing marine mammals and identify their performance specifications 

 Provide an assessment of the logistics involved with developing and operating a PAM capability using the 
identified technologies  

 Provide recommendations for technologies requiring further development  

 Provide a road map for development of a fixed PAM capability 

Review of Fixed Passive Acoustic 
Monitoring Methods & Technologies 

Bio-waves Inc.  Compile an inventory of fixed PAM technologies and methods that are currently available along with 
potential new technologies 

 Conduct a critical review and assessment of fixed PAM capabilities and their application during E&P 
activities offshore 

 Identify potential areas of further development to improve effectiveness and accuracy of detecting, 
classifying, and localizing marine mammals at sea 

DECAF – Density Estimation for 
Cetaceans from passive acoustic fixed 
sensors 

CREEM St. 
Andrews 

 Develop methods for estimating the density of cetacean species from fixed passive acoustic devices 

 Demonstrate the utility and generality of the methods by implementing them in a set of key test case studies  

 Promote adoption of the new methods in the marine mammal research community by (a) publishing results in 
the peer-reviewed literature, (b) archiving data and results in publicly available electronic storehouses, (c) 
holding workshops open to all interested researchers 

Evaluation of Fisheries Sonar for Whale 
Detection in Relation to Seismic Survey 
Operations 

Simrad  Evaluate if traditional fisheries sonar can be used to detect whales within the proposed safety zones for 
marine seismic surveys 

Mitigation and Monitoring: Review / 
Inventory of Current Active Acoustic 
Methods and Technologies 

Defense R&D 
Canada - 
Atlantic 

 Survey, record, and analyze the capabilities of current and experimental AAM Systems 

 Compare current and experimental systems with generalized E&P requirements  

  Identify knowledge deficiencies and define a broad development plan 
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18.0 Environmental Studies Research Fund (ESRF) Program  

The ESRF is a research program which sponsors environmental and social studies. It is designed to assist in the 
decision-making process related to oil and gas exploration and development on Canada's frontier lands. The 
ESRF program, initiated in 1983, receives its legislative mandate through the Canada Petroleum Resources Act 
(CPRA), which was proclaimed in February 1987. As well the Canada - Newfoundland Atlantic Accord 
Implementation Act and the Canada - Nova Scotia Offshore Petroleum Resources Accord Implementation Act 
provide legislative direction. The funding for the ESRF is provided through levies on frontier lands paid by 
interested holders such as the oil and gas companies. The ESRF is directed by a joint government/industry/ 
public Management Board and is administered by a small secretariat which resides in the National Energy 
Board office in Calgary, Alberta.  

Through the ESRF website at http://www.esrfunds.org/publications.html, many project reports can be accessed 
including some referred to this in report. In addition, ESRF has funded several exploration-related studies of 
particular relevance to this data gap study which are currently in progress. Many of these studies have been 
coordinated by the DFO Centre for Offshore Oil and Gas Environmental Research (COOGER). Brief 
summaries of these ongoing studies are presented below:  

 Seismic & Fish Behaviour – to study the effects of a typical 3D seismic array on the behaviour of fish 
in the open ocean 

 Seismic & Invertebrates – to study the effects of seismic survey on caged crab in the field and lobsters 
in a laboratory setting 

 Seismic & Monkfish Egg Veils – to study the effects of exposing monkfish eggs collected from the 
wild to a typical airgun in a laboratory setting 

 Marine Mammal Observation Data Analysis – to analyse selected sets of marine mammal 
observations collected during seismic surveys on the East Coast to extract information on behavioural 
responses 

 Seismic & Lobster Feeding – to study the effects of airgun exposure on lobster feeding in a laboratory 
setting 

 Drill Cuttings Treatment Technology Evaluation – to evaluate the effectiveness of cutting treatment 
technology currently used on the East Coast in meeting the discharge limits set by the Offshore Waste 
Treatment Guidelines 

 SBM Biodegradation in Marine Sediments – to study the biological and chemical degradation of 
Synthetic Oil Based drill muds (SBM) in a laboratory setting 

 Compilation of East Coast Whale Vocalizations - to compile an electronic library of cetacean 
vocalizations to contribute to a database to be employed by Passive Acoustic Monitoring Software 

 Offshore Seabird Monitoring Program - to collect and enhance seabird distribution and abundance 
data in Newfoundland and Labrador and Nova Scotia offshore petroleum production areas.  

 

 



 

83 

19.0 New and Emerging Fisheries  

This section was included in the report to provide a ‘heads up’ that there will likely be increases in the 
biophysical knowledge base as a result of new research efforts directed at the target species of new and 
emerging fisheries54 for unfished or underutilized marine species exist off Canada's coasts.  Shifts in world 
markets, declines in harvests of traditional species, maturing of existing markets and changing harvesting and 
processing technologies increase the likelihood that some of these resources will be successfully harvested in a 
sustainable manner.  

DFO has developed a New / Emerging Fisheries Policy which lays out the requirements that must be met and 
the procedures that must be followed before a new fishery can be initiated (http://www.dfo-
mpo.gc.ca/communic/fish_man/nefp_e.htm). The policy is precautionary in its approach to the development of 
new fisheries. The objective is to diversify fisheries and increase economic returns while ensuring conservation 
of the stocks and realizing the sustainable use of fisheries resources. ‘Experimental’ and ‘Exploratory’ fisheries 
also serve to provide basis information on the biology, distribution and abundance of these species in an area.  

DFO has issued a limited number of ‘experimental’ or ‘exploratory’ licenses to fish for species such as hagfish, 
sea cucumber, whelk and various shark species in the Study Area (Table 19-1). While not particularly 
significant in terms of yields currently, these new and emerging fisheries need to be considered in any regional 
environmental assessment.  

The data and information collected in support of assessing a previously unassessed proposed fishery or 
unexploited species will likely increase the knowledge base regarding the biophysical attributes of the habitat 
upon which the species in question requires to complete its life cycle, including spawning, rearing, migratory, 
adult and food supply habitats, as well as considerations for the species in terms of its contribution to ecosystem 
structure and function. 

 

                                                 

54 Research efforts pertaining to marine species targeted by traditional fisheries have been referenced elsewhere in the report (Sections 
14, 15, 16, 17, & 18). 
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Table 19-1  Current Status of New and Emerging Fisheries in the Study Area (Source: C. Jones, DFO, pers. 
comm.) 

Species # licenses55 Licensed Areas56 Comment(s) 

Hagfish  7 4VWX Four exploratory licences exist at present, issued in 1994, 1995, 1998, and 
2003. Fishing occurs annually, no limit on catch, removals not based on 
exploration of market and assessment strategies. Two exploratory licences 
issued in 1989 converted to commercial in 1997 based on duration in 
fishery. 

Sea Cucumber 4  4VWX Experimental and exploratory fisheries have been approved in a number of 
areas within the study area since 1999. Fishing plans developed via 
consultation between industry and DFO Science. 

Whelk 1 (offshore) 4VWX Experimental fishing activities ongoing in Inshore and Offshore 4VsW 
during fall 2008. Catch, effort, and bycatch recorded by location. Some 
biological sampling, no commercial retention. One exploratory licence 
exists at present (issued in 2001).  

Shark 2 Atlantic wide Exploratory licenses are for porbeagle and blue sharks. Mako shark has 
been a bycatch. Does not include dogfish. 

 

                                                 
55 Total number of ‘experimental’ or ‘exploratory’ licenses currently valid in the Study Area.  

56 Refer to Figure 19-1 for Fisheries Management Areas. In most cases, individual license holders have more restricted licensed 
fishing areas than indicated. 
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Figure 19-1 Fisheries Management Areas reference map for New/Emerging Fisheries in the Study Area 
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20.0 Data Gaps  

This section summarizes data gaps relevant to the scope of this report (i.e., offshore oil and gas exploration 
activities) along with recommendations or enhanced mitigation options to address the identified data gaps.  
Table 20-1, Table 20-2, Table 20-3, and Table 20-4 outline data gaps and recommendations identified in 
EOARs57, generic and strategic environmental assessments, and selected seismic and exploration drilling 
programs in the Study Area58 respectively. Table 20-5 and Table 20-6 offer an assessment of the quality of 
available data on a VEC-related basis based on the professional judgment of Geoffrey Hurley, Hurley 
Environment Ltd. following consideration of comments by DFO and Environment Canada reviewers on the 
final draft of this report.  The data is rated as low, medium or high quality.  

In addition, the VEC-related comments of DFO and Environment Canada with respect to the draft EA for the 
most recent SEA59 (i.e., Misaine Bank SEA; refer to Table 20-2) are noted here. The main concerns of 
Environment Canada/Canadian Wildlife Service were effects of lights and flares on seabirds particularly during 
worst-case conditions, such as fog at night and their recommendations for associated mitigation (e.g., shading 
lights on rigs, timing of exploration or specific activities such as well testing, handling of birds). DFO 
recommended that the EA consider new and emerging fisheries such as the hagfish fishery, species-at-risk 
requirements under SARA, and the integrated ocean management initiative for the eastern Scotian Shelf known 
as the ESSIM 60program. All these concerns and recommendations were dealt with in the final SEA for Misaine 
Bank and in this report (such as Sections 11, 19, 13, 20).  

 

 

                                                 
57 Refer to Section 14.0 EOARS 

58 Refer to Section 7.0 Program EA Selection 

59 And therefore most relevant set of regional-type comments  from these two regulators  

60 ESSIM Program has recently released an integrated management plan for the eastern Scotian Shelf.  For more information on 
ESSIM and the plan go to http://www.mar.dfo-mpo.gc.ca/oceans/e/essim/essim-intro-e.html  
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Table 20-1 Summary of data deficiencies identified in key EOARs for Study Area 

EOAR  Data Gaps Recommendations61  

Implications of 
Ecosystem Dynamics 
for the Integrated 

Management of the 
Eastern Scotian Shelf  

(Zwanenburg et al. 
2006)  

 

 Limited understanding of dynamics of marine ecosystems 

 Limited understanding of how fish and some larger invertebrate 
populations have responded (or at least changed) over time and 
space 

 Lack of information on zooplankton trends in abundance 

 Adopt interdisciplinary approach to data collection, analysis, modeling and 
the development of management tools 

 Increase support for studies linking biodiversity (and changes to 
biodiversity) to changes in trophic interactions (productivity) and spatial and 
temporal stability 

 Carry out systematic surveys of zooplankton across the Scotian Shelf. 

 Carry out a pre-drilling survey for corals or other sensitive benthic 
communities 

 Carry out research on possible effects of drill wastes on corals and benthic 
resources species  

 Study the nearshore marine environment around Sable Island 

State of the Eastern 
Scotian Shelf 
Ecosystem (DFO, 
2003)  

 

 Limited understanding of dynamics of marine ecosystems 

 Lack of knowledge about the diversity of species 

 Need for monitoring benthic species 

 Little information on contaminant concentrations in water, 
sediment or biota 

 Carry out systematic monitoring surveys of marine benthos  

 Carry out systematic monitoring of contaminant concentrations in water, 
sediment and biota 

                                                 
61 Only recommendations relevant to offshore oil and gas exploration activities are listed. 
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EOAR  Data Gaps Recommendations61  

The Scotian Shelf: 
An Ecological 
Overview for Ocean 
Planning (Breeze et 
al. 2002)  

 

(2002) 

 

 

Geographic knowledge gaps: 

 Deep waters of channels, canyons, shelf slope and rise, and the 
abyssal plain, Eastern Scotian Shelf, particularly Misaine Bank 
and adjacent holes 

 Detailed studies of particular areas, i.e., at the scale of bank or 
basin, that link physical and biological processes 

Knowledge gaps within particular fields of study 

 Non-commercial species in general (biodiversity, ecology, etc.) 

 Benthic invertebrates (species present, distribution, biology, etc.) 

 Distribution of whales and sea turtles 

 Particular aspect of the life history o f commercial fish and 
invertebrates 

 Variability in the oceanographic environment 

 Variability in the occurrence of particular events, e.g., spawning 

 Detailed knowledge of physiography and surficial geology, i.e., 
at the scale of a bank or basin 

 The degree that human activities have impacted habitats and 
species 

 Develop detailed habitat descriptions of particular areas such as banks or 
basins emphazing links between physical and biological processes 

 Couple detailed studies of the distribution and life history of marine benthos 
with studies about their relationship with other parts of the ecosystem 

 Carry out systematic annual/seasonal monitoring surveys of a variety of 
marine-related groups (i.e., marine fish, marine mammals, sea turtles, marine 
benthos, seabirds, etc.) 

 Increase understanding of interactions of commercial fish with other species 

 Maximize use of demersal research trawl surveys to study non-commercial 
species 

 Where possible, use existing data sets, such as PIROP data, to look at 
seasonal distributions of marine mammals and sea turtles  

 Update the ecological review of the Scotian Shelf regularly 
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Table 20-2  Summary of data deficiencies and recommended enhanced mitigation for proposed oil and gas projects from Generic EAs and SEAs in Study 
Area.  

SEA/Generic EA Data Gaps Mitigation 62 

Misaine Bank SEA 
for the Misaine Bank 
Area (CNSOPB, 
2005) 

 

 In situ measurements of ocean currents  

 Information on the distribution of invertebrate larvae 

 Information on the seasonal migrations and mating of 
snow crab 

 Benthic habitat mapping 

 Timing of activities to avoid sensitive periods, such as fish spawning activity or 
presence of SARA species 

 Prohibition of selected or all exploration activities in selected areas (e.g., Louisburg 
Hole) 

 Conduct baseline studies or effects monitoring 

 Modify procedures for seismic operations to reduce potential interactions with 
marine wildlife (e.g., ramping up, response to sightings, operations during low 
visibility) 

 Use of specially trained wildlife observers  

  Zero discharge for exploratory drilling  

SEA for the eastern 
Sable Island Bank, 
Western Bank, 
Banqereau Bank, the 
Gully Trough and the 
Eastern Scotian 
Slope areas 
(CNSOPB, 2003)  

 

 Information about potential effects on species-at-risk 
known to reside in the SEA area particularly Sperm whale 
and Northern Bottlenose whale 

  Distribution of red crab, stone crab, lobster, other 
crustaceans and non-commercial fish species 

  Recruitment links between the Gully and the rest of the 
Scotian Shelf  

 Fish and invertebrate migration patterns between the Gully 
and the Scotian Shelf 

 Knowledge of deep-water communities on the Scotian 
Slope 

 Sediment transport processes between Sable Island Bank 
and the Gully feeder canyons 

 Consider the Gully area and Northern Bottlenose whale as Valued Ecosystem 
Components for project EAs 

 Develop a Code of Conduct when operating near the Gully 

 Place trained marine mammal observers onboard seismic vessels63 

 Reduce air emissions from the seismic vessel below threshold levels specified in 
the OWTG64 

 Collect additional background information related to potentially affected features 

 Carry out Environmental Effects Monitoring  

                                                 
62 Refers to recommended enhanced mitigation options for future oil and gas exploration programs in the study area (Section 11).  

63 The CNSOPB currently requires that each seismic vessel carry a fisheries observer to reduce possible interactions with fishing gear/vessels. 

64 No specific level of allowable air emissions for seismic vessels is provided in the OWTG. 
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SEA/Generic EA Data Gaps Mitigation 62 

SEA for Laurentian 

Sub-Basin 
(CNSOLPB, 2003) 

 

 Limited information on marine benthos notably corals, 
sediment quality, marine mammals, and sea turtles 

 Lack of full understanding of seismic effects on 
invertebrates, fish, marine mammals and sea turtles 

 Minimize or eliminate emplacement of moorings and drilling discharges near 
Lophilia coral reef in the vicinity of the “Stone Fence” 

 Consider acoustical modeling and environmental effects monitoring for seismic 
programs  

 Plan individual seismic programs to reduce interactions with fish and fish habitat 
(e.g., spawning areas and periods, migration routes, areas of high productivity) 

 Carry out a pre-drilling survey for corals or other sensitive benthic communities 

Environmental 
assessment (generic) 
of seismic 
exploration on the 
Scotian Shelf 
(CNSOPB, 2003) 

 

 

 

 Knowledge of long-term effects of impulsive noises on 
cetaceans  

 Systematic information about behavioural reactions of 
toothed whales, seals, sea turtles, seabirds and most baleen 
whale species to seismic noise impulses 

 Thresholds for temporary threshold shift (TTS) for 
majority of marine mammal species  

 Occurrence of seismic noise –induced non-auditory 
physiological effects in marine mammals 

 Systematic studies of pelagic distributions of marine 
mammals on the Scotian Shelf  

 Quantitive data re effectiveness of ‘ramping up’ as a 
mitigation measure 

 Mandate strict ‘ramp up’ guidelines   

 Adopt seasonal scheduling restrictions for operations near special areas 

 Adopt systematic protocol for onboard wildlife observations  

 Observers should be trained biologists with experience observing marine mammals 

 Observer data should be analyzed professionally and archived in a user-friendly 
retrieval system 

 Increased monitoring to document close approaches to marine mammals 

 Carry out research to determine the efficacy of ‘ramp up’ protocols 

 Conduct expanded environmental assessments and include specific monitoring and 
research components for any proposed seismic program within 10 km of a whale 
sanctuary boundary or if more than one seismic programs are to be conducted in the 
same area concurrently 
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SEA/Generic EA Data Gaps Mitigation 62 

Environmental 
assessment (generic) 
of exploration 
drilling off Nova 
Scotia 

(CNSOPB 2000) 

 Systematic survey information on distribution of seabirds 
and marine mammals 

 Availability of time series of data on primary productivity, 
zooplankton, and trophic relationships 

 Information on benthic communities (i.e., structure, 
distribution, productivity, trophic relationships, etc.) 

 Effects of drilling waste 

Supply vessels:  

 Supply vessels will avoid passing close (within 2 km) of seabird colonies 

 Maintain steady course and speed to reduce acoustic impacts on marine mammals 

 Avoid traversing whale sanctuaries except in emergencies 

Aircraft: 

  Fly at a minimum altitude of 600 m  

 Avoid flying over Sable Island 

 Avoid flying low over wildlife 

 Avoid flying over whale sanctuaries 

 Avoid repeated overflights of concentrations of seabirds and/or important bird 
habitats 

 Maintain distance of 8 km seaward and 3 km landward of a seabird colony from 
1 April to 1 November 

Birds on Structures: 

 Ensure that injured birds found on vessels are released safely offshore 

 Monitor birds attracted to lights on a rig (optional) 
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Table 20-3   Summary of data gaps and recommended enhanced mitigation from selected seismic program EAs in Study Area 

Program Name Data Gaps Mitigation62 

Caledonia  Effects of seismic activities on marine mammals and fish 

 Sub-lethal effects on fish eggs and larvae and juvenile fish 

  Distribution and migration patterns of marine mammals and turtles 

 Airguns activated only below sea surface and shutdown between 
survey lines 

Mayflower  Outdated information on fish eggs and larvae distribution 

 Limited information on distribution, biological, and abundance of deep water 
fishes 

 Experienced marine mammal observer onboard seismic vessel 

 Minimize survey activity within 20 km of 200m depth contour 
(cusk or monkfish spawning) 

  Airguns shutdown between survey lines 

Sydney Bight  Field verification of circulation models 

 Habitat information below 200 m 

 Linkages between habitat & life stages 

 Potential for obstruction of fish migration 

 Information on possible fall migration of juvenile groundfish 

 Timing of inter-annual fall fish migration into Laurentian Channel 

 Timing of occurrence of sensitive species (marine mammals) in survey area 

 Outdated information on fish eggs and larvae distribution 

  Broad knowledge of zooplankton, non-commercial species and early life 
stages 

 Specific effect data for some important species and life stages 

 Effects of displacement into sub-optimal habitat on fitness 

 Distance over which sub-lethal effects occur and effects on fitness 

 Restricted survey operational window (late October to early 
December) to minimize interactions with periods of fish and 
shellfish spawning and migration, and seabird and marine 
mammal concentrations 

 

Scotian Shelf and 
Slope 

 Seismic noise effects on deep-diving birds 

 Sound levels which would cause temporary threshold shift to marine birds 
and Loggerhead turtles 

 Distribution patterns of most marine mammal species over the Scotian Shelf 
and Slope areas  

 Seismic noise levels causing injury to marine mammals 

 

 Airguns activated only below sea surface and shutdown between 
survey lines 

 Scheduling of specific lines to avoid Special Areas (e.g., Gully, 
Roseway Basin Right Whale Sanctuary, Browns Bank), sensitive 
ecological periods (e.g., calving of N. Bottlenose whales) and 
minimize interactions with other seismic programs and fishing 
activities 

 Shift survey area to avoid concentrations of marine mammals 
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Program Name Data Gaps Mitigation62 

Stonehouse  Spatial boundaries and ranges for most cetaceans 

 Seismic effects on fish, seals and odontocete whales (particularly N. 
Bottlenose) 

 Sound levels which would cause temporary threshold shift to marine 
mammals 

 Airguns activated only below sea surface and shutdown between 
survey lines 

 Scheduling of program to avoid Special Areas (e.g., Gully, 
Haldimand Canyon), sensitive ecological periods (e.g., 
calving/mating of N. Bottlenose whales and migration of Blue 
whale) and to minimize interactions with other seismic programs 
(Marathon Cortland and Empire) and fishing activities 

 Expanded safety zone (800 m instead of standard 500 m radius) 

 Use of Passive Acoustic Monitoring (PAM) within safety zone 
(along with concurrent visual monitoring) 

 Third- party scientific adviser(s) and trained marine mammal 
observers onboard seismic vessels 

 Adjusted survey area and orientation of survey lines to minimize 
sound propagation in Haldimand canyon 
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Table 20-4  Summary of data deficiencies and recommended enhanced mitigation from selected exploratory drilling EAs in Study Area  

Program Name Data Gaps Mitigation62 

Annapolis  Limited knowledge of whale behaviour with respect to drilling 
activities/noise 

 Limited understanding of distribution patterns and abundance trends of 
marine mammals  

 Experienced marine mammal observer onboard drilling vessel 

 Application of Codes of Practice for working near the Gully and 
Sable Island (ie vessel traffic, aircraft) 

Stonehouse and 
Craigmore  

 

 Precise sound levels produced by dynamically positioned drilling units 

 Limited knowledge of whale behaviour with respect to drilling 
activities/noise 

 Limited knowledge of deepwater fishes and benthic communities  

 Application of Codes of Practice for working near the Gully and 
Sable Island (ie vessel traffic, aircraft) 

Pinehurst and 
Pembroke 

 

 Limited understanding of distribution patterns and abundance trends of 
marine mammals  

 Limited information on benthic fauna for Slope area 

 Seasonal and area gaps in seabird distribution data for Slope area 

 Experienced marine mammal observer onboard drilling vessel 

 Monitor drill cuttings pile during routine drilling inspections 

 Avoidance of Roseway Basin Whale Sanctuary  

 

EL 2381/EL 2382  

 

 Limited understanding of distribution patterns and abundance trends of 
marine mammals  

 Limited knowledge of sea turtle behaviour with respect to drilling 
activities/noise and oil slicks 

 Restrictions on vessel and helicopter traffic to avoid Haddock 
Box and to minimize interactions with marine mammals and 
seabirds 
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Table 20-5  Quality of data in relation to data gaps identified for seismic VECs in the Study Area 

VEC65 Data Gaps66 67 Quality Rating of Data68 Regional Data Sources69 

Marne Fish70 

 

1. Lack of information on fish 
migration patterns 

M- SARA species 

M- Commercial species 

L-Non-Commercial species 

 DFO Tagging Programs71

2. Outdated info on distribution of fish 
eggs & larvae(spawning) and 
juveniles 

M – Commercial species 

L- Non-Commercial species 

 Stewart et al. (2003) 

 Bryan et al. (2005) 

 Ollerhead (2007) 

 Harding et al. (2005) 

3. Limited info on distribution, 
biology, and abundance of non-
commercial species particularly 
deep water fishes 

M- Shelf 

L- Slope 

 DFO RV Trawl survey database  

 Industry surveys  

 Fish. Observer Program sightings  

 DFO Mesopelagic Fish database 

                                                 
65 Refers to biophysical VECs which have been typically adopted for offshore oil and gas seismic EAs (Refer to Section 7.0); Recent EAs have focused on species-at-risk (and 
commercially important species for Marine Fish and Benthos) within each VEC category.  

66 Adapted from Table 20-1, Table 20-2, Table 20-3, and Table 20-4. for identified data gaps pertaining to offshore oil and gas exploration activities in the Study Area. Also 
considered were data gaps identified in key EEM reviews (Refer to Section 16).  

67 Data gaps shown in italics are regional in nature (i.e., pertaining to the Scotian Shelf and Slope areas). Data gaps shown in plain font are effects-related. 

68 Based upon the professional judgment of Geoffrey Hurley, M.Sc., Hurley Environment Ltd. (professional profile is provided in Appendix A ) as per requirement of  SOW - Task 
4 ( Section 4). His data quality ratings (L=Low; M=Medium; G=Good)  were assigned following a review of   ecological overviews and assessments completed from 2003-2008 
incl. (Table 14-1) , EEM reviews (Section 16-1, 16-2), ongoing R&D studies  (Sections 17 & 18) and availability of biological and distributional information  in  ‘living’ databases  
(Table 12-1, Table 12-2, Table 15-1 and Table 15-2).  

69 For additional information on online and restricted-access databases referred to in this column refer to Table 12-1, Table 12-2, Table 15-1 and Table 15-2) respectively; and, for 
full citation and key findings of research study reports referred to in this column see Table 14-1 and Reference section (Section 22.0). 

70 Includes fish eggs and larvae (i.e., ichthyoplankton). 

71 DFO has several ongoing or planned tagging programs using acoustic or satellite tags for various species (Source: DFO Strategic Plan for 2009-2013). ESRF-funded seismic/fish 
behaviour study to be carried out by DFO will likely focus on groundfish species such as cod, haddock, and flounder species (S. Campana, DFO, pers. comm.).  
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VEC65 Data Gaps66 67 Quality Rating of Data68 Regional Data Sources69 

4. Sub-lethal effects of seismic 
pressure on fish particularly 
important life stages (i.e., fish eggs 
& larvae, juvenile fish) 

L -Eggs, larvae, juveniles 

M - Adults 

 Payne et al. (2008) 

 DNV Energy (2007) 

 Scotian Shelf Seismic/Fish Behaviour Pilot Project72 

Marine Mammals  1. Distribution  patterns of marine 
mammals  

M- SARA species 

L- Other species 

 CMRCS database  

 NE US Rt. Whale Sightings Adv. System 

 DFO Seal Tagging Program 

 Dalhousie U Tagging Programs73 - Baumgartner et al. 
(2005)  

 Whitehead lab (Dalhousie U) sightings - Whitehead 
(2005),  Wimmer (2005)  

 Taggart lab research (N. Rt. whale) - Elvin (2008), 
(Mellinger et al. 2007) 

 Whitehead DNA analysis (N.Bottlenose whale) - Dalebout 
et al. (2006) 

 DFO Gully Seismic Study - Lee, Bain & Hurley, ed.(2005) 

 Clapham et al. (2003) 

2. Limited information on seismic 
footprint and noise levels causing 
injury or sublethal effects (e.g., 
TTS) to whales and seals 
(particularly species-at-risk) 

M  DFO Gully Seismic Study - Lee, Bain & Hurley, ed.(2005) 

 DNV Energy (2007) 

 JIP Exploration & Production Sound and Marine Life 
studies74 

3. Effectiveness of ‘ramping up’ as a 
mitigation measure 

M   JIP Exploration & Production Sound and Marine Life 
studies 

                                                 
72 Table 18-1 

73 Dalhousie University is involved with tagging studies of the Northern Bottlenose Whale and Right Whale 

74 Refer toTable 17-1 for relevant studies 
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VEC65 Data Gaps66 67 Quality Rating of Data68 Regional Data Sources69 

Sea Turtles 1. Distribution patterns of sea turtles  H – Leatherback Turtle 

M- Other species75 

 CLTST database 

 CSTS database 

 Brazner & MacMillan (2008) 

 James et al. (2005), (2006) & 2007) 

 2. Limited information on seismic 
footprint and noise levels causing 
injury or sublethal effects  

M   Holst et cal (2007) 

 DNV Energy (2007) 

 JIP Exploration & Production Sound and Marine Life  

 3. Effectiveness of ‘ramping up’ as a 
mitigation measure 

M  JIP Exploration & Production Sound and Marine Life

Marine Benthos 1. Lack of biological knowledge and 
limited information on distribution 
of non-commercial shelf and 
deepwater benthic species  

H – Shelf  

M – Slope  

 DFO RV trawl survey database – Invertebrate 
Observations 

 Tremblay et al (2007) – crustaceans 

 For corals see Special Areas below 

2. Lack of precise information on  
crustacean mating and migration 
patterns 

M- General knowledge 

L- Detailed knowledge 

 Lobster and snow crab tagging Programs76  

 Seasonal trends in fishing effort and biological indices 

3. Limited information on sub-lethal 
effects of seismic pressure on 
commercial shellfish pelagic (eggs 
& larvae) and benthic stages 
(juvenile and adults) 

L  Payne et al (2008)77 

                                                 
75 Turtles are seasonal visitors to waters off Nova Scotia 

76 D.Pezzack, DFO, pers. Comm. 

77 Refer to Section 17.0. 
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VEC65 Data Gaps66 67 Quality Rating of Data68 Regional Data Sources69 

Marine-related Birds 1. Seasonal and areal gaps in 
knowledge of seabird distributions 
particularly for the Scotian Slope 
area 

M – Shelf  

L - Slope 

 Gjerdrum et al. (2007) 

 CWS Seabird Monitoring database 

 Dalhousie U Seabird Tagging Program78 

2. Seismic noise effects on deep diving 
birds 

L  No known references pertaining to local species 

Special Areas79 1. Lack of precise knowledge of marine 
mammal mating/calving areas and 
deep-water coral concentrations  

L – corals (deeper than 500 m) 

M- corals (shallower than 500 m) 

H- NBW mating/calving areas 

M-other MM SARA species 

 Gass & Willison (2005) – corals 

 Leverette & Metaxis (2005) – corals 

 Mortensen & Mortensen (2004) – corals 

 Mortensen et al. (2004) - corals 

 Whitehead lab (Dalhousie U) NBW studies - Whitehead & 
Wimmer (2005), Wimmer & Whitehead (2005) 80 

 Taggart lab studies (N. Rt. whale) - Elvin & Taggart 
(2008), Mellinger et al. (2007) 

                                                 
78 Several shearwaters have been tagged with satellite tags in Bay of Fundy area. In 2008 several tagged animals stayed on the Scotian shelf area (including areas around Sable 
Island) for several days to weeks and therefore were likely foraging rather than simply in transit on migration (Rob Ronconi, Dalhousie U. pers. comm.). 

79Refers to Sable Island, Gully MPA or candidate MPAs, Roseway Right Whale Sanctuary, Haddock Box, areas with known concentrations of corals (e.g., Stone Fence), etc.  

80 Tagging studies on NBW are ongoing 
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Table 20-6  Data Gaps in relation to exploratory drilling VECs for Study Area81  

VEC Data Gaps Quality Rating of Data  Regional Data Sources 

Marine Fish 1. Limited info on distribution, 
biology, and abundance of non-
commercial species particularly 
deep water fishes 

M- Shelf 

L- Slope 

 Same as for Table 20-5 

Marine Mammals  1. Distribution patterns of marine 
mammals  

M- SARA species 

L- Other species 

 Same as for Table 20-5 

2. Limited knowledge of whales 
(particularly beaked whales) 
behaviour with respect to drilling 
activities/noise 

M  JIP Exploration & Production Sound and Marine Life 
studies  

Sea Turtles 1. Distribution patterns of sea turtles  H – Leatherback Turtle 

M- Other species82 

 Same as for Table 20-5 

 

2. Limited knowledge of sea turtle 
behaviour with respect to drilling 
activities/noise and oil slicks 

M83  JIP Exploration & Production Sound and Marine Life  

Marine Benthos 

 

1. Lack of biological knowledge and 
limited information on distribution 
of non-commercial shelf and 
deepwater benthic species including 
corals 

H – Shelf  

M – Slope  

 Same as for Table 20-5 

2. Lack of precise information on  
crustacean mating and migration 
patterns 

M- General knowledge 

L- Detailed knowledge 

 Same as for Table 20-5 

                                                 
81 Refer to footnotes for corresponding table headings in Table 20-5 

82 Other sea turtles to frequent waters off Nova Scotia on a seasonal basis are the Loggerhead Turtle and Kemp’s Riley Turtle.  

83 Turtles are thought to be less sensitive to acoustic stimuli than whales. 
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VEC Data Gaps Quality Rating of Data  Regional Data Sources 

3. Environmental effects of drilling 
waste  

H  Hurley and Ellis (2004)84

Marine-related Birds 1. Seasonal and areal gaps in 
knowledge of seabird distributions 
particularly for the Scotian Slope 
area 

M – Shelf  

L - Slope 

 Same as for Table 20-5  

Special Areas85 1. Lack of precise knowledge of marine 
mammal mating/calving areas and 
deep-water coral concentrations 

L – corals (deeper than 500 m) 

M- corals (shallower than 500 m)  

H- NBW mating/calving areas 

M-other MM SARA species 

 Same as for Table 20-5 

 

                                                 
84 Refer to Section 15.0 for a summary of Hurley and Ellis (2004) 

85 Refers to Sable Island, Gully MPA or candidate MPAs, Roseway Right Whale Sanctuary, Haddock Box, areas with known concentrations of corals (e.g., Stone Fence), etc.  
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The residual data gaps identified in Tables 20-7 and 20-8 for seismic and exploratory drilling respectively were 
determined firstly, on the basis of greatly increased knowledge and information gained from a plethora of 
relevant VEC-related databases and publications (since 2003) including several ecosystem-related studies 
(Section 14.0); DFO and Dalhousie tagging studies (Table 20-5, Table 20-6) ; JIP E&P Programme studies 
(Section 17.0); ESRF studies (Section 18.0); recent EEM reviews (Section 16.0)) and secondly, on the assumed 
application of all relevant enhanced mitigation options (Column 2 of Tables 20-7 & 20-8). 

Given the short-term nature of exploration activities, the variety of enhanced mitigation options, the abundance 
of biophysical data for the Study Area and the lack of significant effects shown in EEM programs to date, it is 
not surprising that there are relatively few residual data gaps identified for seismic or exploratory drilling 
(compared to data gaps identified in SEAs, generic EAs (20-2) or program EAs (Tables 20-3; 20-4). 

While much is known about the distribution of marine mammals off Nova Scotia (Tables 20-5; 20-6), there 
would appear to be no summary of information on critical periods (i.e., mating and calving) for whales, in 
particular at-risk species, in waters off Nova Scotia. Information on deep-water corals below 500 m (Tables 20-
5; 20-6), continues to be very sparse in Atlantic Canada because of the depth limits of sampling gear used to 
date. Corals extend much deeper and direct observations deeper than 500 m remain a research priority. Such 
information would be extremely helpful during the planning and environmental assessment stages of 
exploration programs.  

A residual data gap (for seismic and drilling) that was identified for VEC species such as whales, turtles and 
diving seabirds have a common thread - the general inability to detect  these species during conditions of poor 
visibility (i.e., during fog, low light) or when they are below the surface of the water.  However, technological 
advances in the development of passive and active acoustical monitoring systems (refer to Section 17) show 
promise toward making these systems more applicable for routine usage during exploration activities within two 
(2) and five (5) years respectively (J. Theriault, DRDC, pers. comm.). Several alternatives to conventional 
seismic air guns are also currently in development and may be commercially available in a few years.  

Payne et al. (2008) identified a need for selected dose-response studies to investigate potential chronic effects of 
seismic on individual fish and shellfish. The DFO Gully Seismic Study (Lee, Bain, Hurley eds. 2005) 
recommended that any future study intended to more thoroughly assess the impacts of seismic operations (or 
any other human activity) on a marine mammal population should include the monitoring of whales equipped 
with satellite-linked transmitters, time/depth/velocity- sound recorders or other telemetry devices to measure the 
more subtle changes in behaviour at an individual scale. The latter, in particular, would build on other 
approaches to noise or effects monitoring to validate acoustical model or effects predictions made in the EA.  

Due primarily to the development of low-toxicity drilling fluids, toxic effects (if any) of waste drill 
muds/cuttings on marine life have been shown to occur only in the immediate vicinity of the drilling rig - within 
500 m safety zone of the drilling platform (Hurley and Ellis, 2004). While there are few published studies on 
drilling noise (Noise Control Engineering, 2007), acoustical monitoring near a SOEP platform during active 
drilling in 2005 affirmed that observed noise levels were primarily influenced by noise generated by supply boat 
thrusters (i.e., drilling noise was a minor contributor to the noise field) (Source: SOEP presentation at the Gully 
Advisory Meeting May 2, 2006).  
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Several alternatives to conventional seismic air guns have been identified.  Electro-mechanical and petrol-
driven acoustic projectors have shown large reductions (30-65+ dB) in sound level above 100 Hz. Sound 
reduction at frequencies below 100 Hz is also possible through the use of alternative source signals and 
advanced cross-correlation processing procedures (published data shows a reduction on the order of 15 dB 
below 100 Hz). These systems are currently in development and may be more commercially available in a few 
years. Marine vibrator systems (e.g., marine vibroseis) have been tested in water depths ranging from 4 feet to 
380 m. The maximum usable water depth is a current limitation of these systems. It is believed that these 
systems could be used in water deeper than 380 m if multiple or larger sources are used (increasing the effective 
source level) or longer integration times are used. A separate study of the potential effects of marine vibroseis 
on marine life is currently being funded by the JIP. 

Suggested approaches to addressing identified residual gaps are given in Table 20-9.  
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Table 20-7  Residual data gaps in relation to seismic VECs for Study Area 

VEC Mitigation Residual Data Gap86 

Marine Fish  Scheduling of seismic activities (to the extent possible) to avoid sensitive periods and 
areas (e.g., spawning, egg and larval concentrations, migrations, etc.) particularly for 
commercially-important fish species and species-at-risk87 

 Potential sublethal effects on individual fish in the 
immediate vicinity of the seismic array 

Marine Mammals   Scheduling of seismic activities (to the extent possible)  to avoid sensitive periods and 
areas (e.g., mating, calving, feeding concentrations, migrations, etc.) particularly for 
species-at-risk  

 Carry out pre-survey acoustical modeling 

 Use of experienced marine mammal biologists as onboard observers along with 
standardized data recording and analytical procedures 

 Expanded shutdown zone88 for marine mammals 

 Use of Passive Acoustical Monitoring (PAM) during seismic surveying 

 Detection of (and potential effects on) marine mammals in 
low light (i.e., at night) and in foggy conditions or beneath 
the sea surface in the immediate vicinity of the seismic 
array 89 

 Knowledge of critical periods (i.e., mating and calving) for 
marine mammals particularly at-risk species in waters off 
Nova Scotia 

Sea Turtles  Scheduling of seismic activities (to the extent possible)  to avoid sensitive periods and 
areas (e.g., mating, feeding concentrations, migrations, etc.)  

 Carry out pre-survey acoustical modeling 

 Use of experienced marine mammal biologists (who are familiar with sea turtles) as 
onboard observers along with standardized data recording and analytical procedures 

 Expanded shutdown zone for sea turtles 

 Use of Passive Acoustical Monitoring (PAM) during seismic surveying 

 Detection of (and potential effects on ) sea turtles in low 
light (i.e., at night) and in foggy conditions, or beneath the 
sea surface in the immediate vicinity of the seismic array 

Marine Benthos  Scheduling of activities (to the extent possible) to avoid sensitive periods and areas 
(e.g., mating, migrations, etc.) particularly for commercially-important shellfish 
species, species-at-risk and corals. 

 Carry out pre-survey acoustical modeling  

 Potential sublethal effects on individual benthic 
invertebrates in the immediate vicinity of the seismic array 

                                                 

86 Professional judgement of Geoffrey V. Hurley, M.Sc. - professional profile attached (Appendix A) as per requirement of SOW – Task 4 (Section 4) based on consideration of 
information summarized in this report including recent and ongoing research studies (ecosystem-related studies (Section 14.0);  information from various VEC-related databases 
(Section 15.0); DFO and Dalhousie tagging studies (Table 20-5, Table 20-6) ; JIP E&P Programme studies (Section 17.0); ESRF ongoing studies (Section 18) ; recent EEM 
reviews (Section 16.0)) and application of enhanced mitigation options (Column 2). 

87 Species listed as endangered, threatened or species of concern on SARA Schedules 1, 2 or 3 (Table 12-1) or candidate species-at-risk (
Table 12-2). 

88 Beyond required 500 m.   

89 Applies to non-vocalizing whales only if PAM technology is used to detect whales during seismic . 
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VEC Mitigation Residual Data Gap86 

Marine-related 
Birds 

 Scheduling of seismic activities (to the extent possible) to avoid sensitive periods and 
areas (e.g., nesting, feeding concentrations, migrations, etc.) for species-at-risk  

 Use of experienced seabird biologists as onboard observers along with standardized 
data recording and analytical procedures 

 Ensure that injured birds found on vessels are handled according to approved CWS 
procedures  

 Detection of (and potential effects on) seabirds in low light 
(i.e., at night) and in foggy conditions, or beneath the sea 
surface (while diving) in the immediate proximity to the 
seismic array 

Special Areas90  Scheduling of seismic activities (to the extent possible)  to avoid sensitive periods and 
areas (e.g., nesting, feeding concentrations, migrations, etc.) particularly for species-
at-risk within the Special Area 

 No seismic operations within Special Areas including buffer zones 

 Carry out pre-survey acoustical modeling 

 Adjust survey area and orientation of survey lines to minimize sound propagation into 
Special Areas 

 Develop Code of Conduct for seismic operations near Special Areas  

 Validation of acoustical model predictions and predicted 
effects of seismic particularly on species-at-risk for 
operations near a Special Area 

 

                                                 
90 Refers to Sable Island, Gully MPA or candidate MPAs, Roseway Right Whale Sanctuary, Haddock Box, areas with known concentrations of corals (e.g., Stone Fence), etc.  
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Table 20-8  Residual data gaps in relation to exploratory drilling VECs for Study Area 

VEC Mitigation Residual Data Gap 

Marine Fish  Scheduling of drilling activities (to the extent possible) to avoid sensitive periods 
(e.g., spawning, migrations, etc.) for commercially-important fish species and species-
at-risk 

 None 

Marine Mammals   Scheduling of drilling activities (to the extent possible) to avoid sensitive periods and 
areas (e.g., mating. calving, migration routes, etc.) particularly for species-at-risk 

 Use of experienced marine mammal biologists as onboard observers along with 
standardized data recording and analytical procedures 

 Expanded shutdown zone for marine mammal species-at-risk 

 Detection of (and potential behavioural effects) on marine 
mammals at night, in foggy conditions, or while they are 
below the sea surface in the immediate vicinity of the 
drilling platform 

 Zone of influence and effects (if any) on marine mammals 
from noise associated with floating drilling platforms used 
for deepwater drilling (i.e., Scotian Slope area) 

 Knowledge of critical periods (i.e., mating and calving) for 
marine mammals particularly at-risk species in waters off 
Nova Scotia 

Sea Turtles  Scheduling of drilling activities (to the extent possible)  to avoid migration routes for 
sea turtles 

 Use of experienced marine mammal biologists who are familiar with sea turtles as 
onboard observers along with standardized data recording and analytical procedures 

 Expanded shutdown zone for sea turtles 

 Detection of (and potential behavioural effects) on sea 
turtles at night, in foggy conditions, or while they are 
below the sea surface in the immediate vicinity of the 
drilling platform  

 Understanding of Zone of Influence (ZOI) and effects (if 
any) on sea turtles from noise associated with floating 
drilling platforms used for deepwater drilling (i.e., Scotian 
Slope area) 

Marine Benthos  Planning of drilling activities (to the extent possible) to avoid sensitive periods and 
areas (e.g., mating, migration, etc.) of commercially important shellfish species, 
species-at-risk or corals  

 Benthic habitat survey91 

 Information on deep-water corals 

                                                 

91  Hurley and Ellis (2004) reported that reductions in benthic diversity (presumably due to smothering) are most evident in that area of the seafloor covered by the cuttings pile 
(typically less than 100 m from a single well-site location).  As the footprint of the cuttings pile reduces in size over time through natural processes (such as ocean dispersion), 
benthic communities return to baseline conditions in a short time (within one year). As a consequence, benthic habitat surveys at exploration drilling sites off Atlantic Canada have 
typically consisted of a pre- and post-drilling ROV videocamera surveys only (i.e., no sediment sampling) to determine if there are any commercially important shellfish species, 
species-at-risk, or coral colonies in the immediate vicinity of the well site location prior to drilling and to assess the size of the drill cuttings pile following the completion of 
drilling. 
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VEC Mitigation Residual Data Gap 

Marine-related 
Birds 

 Scheduling of drilling activities (to the extent possible) to avoid sensitive periods and 
areas (e.g., nesting, feeding concentrations, migrations, etc.) for species-at-risk 

 Use of experienced seabird biologists as onboard observers along with standardized 
data recording and analytical procedures 

 Ensure that injured birds found on vessels are handled according to approved CWS 
procedures  

 Attraction of seabirds to drilling platforms particularly 
during low light conditions (i.e., at night, foggy conditions) 
and during flaring. 

Special Areas  Develop Code of Conduct for working near Special Areas  

 No drilling operations within Special Areas including buffer zones 

 Pre-drilling muds/cuttings dispersion modeling 

 Zone of influence and effects (if any) on species-at-risk in 
Special Areas from noise associated with floating drilling 
platforms used for deepwater drilling (i.e., Scotian Slope 
area) 
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Table 20-9 Addressing Residual Data Gaps 

Residual Data Gap92 Priority93 Approach to Addressing Data Gap94 Time Frame Estimate (Years)95 

Identification of potential sublethal effects on 
individual fish and benthic invertebrates  in the 
immediate vicinity of a seismic array 

Low Carry out laboratory and field studies (if practicable) involving 
detailed health evaluations of key individual fish and benthic 
invertebrate species exposed to seismic-level noise pressures 

One  

Detection of (and potential effects on) marine 
mammals and sea turtles in low light (i.e., at night) 
and in foggy conditions or beneath the sea surface in 
the immediate vicinity of a seismic array or drilling 
platform 

Medium Support research and development and commercialization of passive 
and active acoustic monitoring technologies  

Support tagging/monitoring programs of whales with satellite-linked 
transmitters, time/depth/velocity- sound recorders or other telemetry 
devices to measure the changes in behaviour (and to assess potential 
impacts, if any) at an individual scale during seismic or drilling 
operations 

Two - Passive Acoustic 
Monitoring 

Five - Active Acoustic 
Monitoring  

Three  - Satellite 
Tagging/Monitoring  

Information on deep-water corals Medium Obtain direct observations on coral colonies deeper than 500 m to 
increase knowledge of their distribution and biology 

Two  

Understanding of Zone of Influence(ZOI)  and effects 
(if any) on marine mammal (particularly at-risk 
species)  for noise emenating from floating drilling 
platforms used for deepwater drilling (i.e., Scotian 
Slope area) 

High Conduct pilot project to monitor underwater noise and whale 
behaviour during deepwater drilling operations  

Implement during next scheduled 
deepwater drilling program off 
Scotian Shelf 

Knowledge of critical periods (i.e., mating and 
calving) for marine mammals particularly at-risk 
species in waters off Nova Scotia 

High Summarize existing knowledge of mating/calving in Nova Scotia 
offshore waters 

One  

                                                 
92 As per Tables 20-7 & 20-8.   

93 This ranking,  which represents the professional opinion of the author, Geoffrey V. Hurley, M.Sc.  (his professional profile is attached - Appendix A),  is put forth for discussion 
purposes (as per Task 4 of the SOW -Section 4).  The gaps are ranked relative to each other to assist in prioritizing future environmental studies and to facilitate discussions on the 
applicability and relevance of conducting a REA. 

 

94 In most cases,  approaches to addressing specific data gaps were identified in relevant research reports referenced in this report  

95 Estimated maximum duration required presuming recommended approach to addressing data gap is adopted  
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21.0 Summary and Conclusions 

 Valued Ecosystem Components (VECs) considered in this study (i.e., Marine Fish, Marine Benthos 
Marine-related Birds, Marine Mammals, Sea Turtles and Special Areas) are ecological components that 
were for the most part also identified as VECs in exploration SEAs and selected seismic and exploratory 
drilling program EAs. Impact pathways such as air, water, sediment are typically not chosen as VECs in 
exploration EAs as the focus has been on the "receptor" species component of the ecosystem. 

 The prime environmental concerns of exploration are: the short and longer term effects of noise 
generated by seismic air guns on whales, dolphins and other marine mammals which use sound as their 
prime means of communication and diving birds; seabird attractions to/collisions with highly 
illuminated drilling rigs and incineration during flaring/well testing (if required); and the burial or toxic 
effects of discharges of drilling mud and rock cuttings on seabed fauna and if the well contains 
hydrocarbons, a possible accidental oil spillage. 

 Seismic operators must adhere to the Statement of Canadian Practice with respect to the Mitigation of 
Seismic Sound in the Marine Environment which specifies the mitigation requirements that must be met 
during the planning and conduct of marine seismic surveys. 

 Drilling operators must adhere to the most recent version of the NEB/CNLOPB/CNSOPB ‘Offshore 
Waste Treatment Guidelines’ and ‘Offshore Chemical Selection Guidelines (OSCG) for Drilling and 
Production Activities on Frontier Lands’ along with relevant MARPOL guidelines with respect to 
marine drilling discharges and emissions.   

 Additional or enhanced mitigation measures have also been applied to seismic and exploratory drilling 
activities particularly when operating near marine conservation areas in offshore Nova Scotia waters. 
Most offshore operators have developed voluntary codes of practice which specify the minimum safe 
working distances for aircraft and vessels operating near these ‘special’ areas. 

 Analysis of VECs in recent assessments has focused on species-at-risk. Under the Species at Risk Act 
(SARA, 2003), species-at-risk and their habitats must be taken into account in EAs of proposed 
activities. Species status is assessed by COSEWIC (the Committee on the Status of Endangered Wildlife 
in Canada), an independent body of experts established.  The Nova Scotia Endangered Species Act 
prohibits the killing or disturbing of species at risk and the destruction or disturbance of habitat or 
residences. With the exception of the Marine Benthos VEC, all other VEC categories have at-risk 
species which occur in the Study Area. There are several on-line databases which provide information 
on current status of all species-at-risk. DFO Maritimes Region Oceans and Coastal Management 
Division maintains an up-to-date summary of current information on local anadromous and marine 
species-at-risk. 

 DFO Maritimes Region has used the MARXAN conservation planning software to conduct preliminary 
Marine Protected Area (MPA) network planning specifically to identify potential “candidate Areas of 
Interest (AOIs)” for MPA designation. The priority areas identified using MARXAN overlap with many 
of the Ecologically and Biologically Significant Areas (EBSAs) identified in earlier DFO studies and 
also overlap with most marine conservation management areas (e.g., for endangered whale species and 
corals). Exceptions are the nearshore waters around Sable Island and a fish nursery area known as the 
‘Haddock Box’ which were not identified in the latest Marxan analysis. DFO currently has an “offshore 
focus” to network planning with continued emphasis on the Eastern Scotian Shelf Integrated 
Management (ESSIM) area. Ultimately, one of the ‘candidate’ AOIs - most likely within the ESSIM 
area - will be selected to proceed to the next stage of the MPA designation process. 
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 There is a plethora of scientific information available dealing with the biophysical environment of the 
Scotian Shelf area which has been summarized in an ecosystem overview report (Breeze, 2002) which 
provided a description of the major ecological components and two key ecosystem assessment reports 
which focused on eastern areas of the Shelf (DFO, 2003; Zwanenburg et al. 2006). The two assessment 
reports concluded that the eastern Scotian Shelf ecosystem has been profoundly altered over the past few 
decades mainly by fishing which occurred against a backdrop of a dynamic biophysical environment. 
The result has been a significant decrease in the biomass of demersal groundfish species and a 
significant increase in biomass of grey seals, small pelagic species, commercial crustaceans, and 
phytoplankton. More recent assessments of more limited scope (i.e., geographic area, species, etc.) have 
supported this conclusion.  

 Zwanenburg et al. (2006) further stated that due to the relatively small proportion of the ESSIM area 
affected and modest scope of exploration (and development) activities to date, oil and gas would likely 
not result in significant overall loss of biodiversity. However, both assessment reports cautioned that 
cumulative effects of human use activities (e.g., fishing,  commercial shipping, naval operations, 
offshore oil and gas exploration and production, etc.) may act additively and/or synergistically to impact 
the marine ecosystem. 

 There are several databases that are available ‘online’ which deal with the biophysical environment of 
the Scotian Shelf area including species categories considered as  VECs in this study.  However, only a 
few databases provide coverage of the Scotian Slope area. While most databases are publicly available, 
some databases have restricted access.  Most databases contain data from several sources and are 
considered ‘living’ that is they are constantly being updated. Most databases include data collected over 
several decades. 

 Recent reviews of the results of Environmental Effects Monitoring (EEM) studies related to offshore 
exploration activities both in Canada and abroad have concluded that effects on fish and shellfish, if any, 
are highly localized and generally benign.   

Re: Seismic  

Payne et al (2008) concluded that the primary concern for producing impacts from seismic is 
at the stock or sub-stock level such as in a shallow coastal environment such as a bay. There 
is some evidence suggesting a potential for seismic to have sublethal effects at the individual 
level both physiological and histopathological.  However, with respect to ambient ocean noise 
and animal behavior, the authors were of the opinion that the cacophony of noise associated 
with general marine traffic could be of greater importance.  

DNV Energy (2007) concluded that there has been no documented sea mammal mortality as a 
consequence of seismic surveys. Studies of individual incidents in which whales have 
stranded and seismic activity has occurred in the same area during the same time have been 
unable to document a cause and effect link. Nor are there any documented injuries to sea 
mammals in fields as a result of seismic surveys. The effects that have been found are typical 
changes in behavior, such as whales leaving areas where there is seismic activity. In general, 
it can be confirmed that seismic surveys may have certain negative consequences for marine 
life in the nearby area. However, there are no results that indicate serious and long-lasting 
harm to populations of fish and sea mammals. 

Re: Exploratory Drilling 
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Hurley and Ellis (2004) found that changes in the diversity and abundance of benthic 
organisms were detected within 1000 m of drill sites, most commonly within the 50 to 500 m 
range. Typically, benthic communities return to baseline conditions in a short time (within 
one year) following the cessation of drilling. Results of laboratory and field studies suggest a 
low potential for toxicity or health effects. Taint has not been detected for any of the species 
tested within the Canadian EEM programs to date where Synthetic Based Muds (SBM) or 
Water Based Muds (WBM) was used for drilling. The authors stated that potential cumulative 
impacts of exploration drilling on the marine environment need to be considered in light of 
illegal discharges of oily wastes and bilge water from marine transport vessels and impacts to 
bottom habitat from fish trawling and shellfish dragging and dredging.  

 Under the Exploration and Production (E&P) Sound and Marine Life Joint Industry Programme (JIP) 
have commissioned a broad range of studies to be carried out by a variety of independent agencies 
around the world which are aimed at understanding the effects of sounds produced by oil and gas 
exploration and production activities on marine life with the principal focus being seismic effects on 
marine mammals. Most studies are currently ongoing. Research studies fall under the following five (5) 
categories: 

6. Sound source characterization and propagation 

7. Physical and physiological effects and hearing 

8. Behavioural reactions and biologically significant effects 

9. Mitigation and monitoring 

10. Research tools 

 The Environmental Studies Research Funds (ESRF) is a fund designed to assist in the decision-making 
process related to oil and gas exploration and development on Canada's frontier land. ESRF has funded 
some studies of direct relevance to this data gap study including several ongoing studies. 

 DFO has issued a limited number of ‘experimental’ or ‘exploratory’ licenses to fish for species such as 
hagfish, sea cucumber, whelk and various shark species in the Study Area. While not particularly 
significant in terms of yields currently, these fisheries are providing new information on the distribution 
and life history of these species.  

 Data gaps relevant to the scope of this report (i.e., offshore oil and gas exploration activities) were 
identified from EOARs, SEAs, selected EAs and key EEM reviews.  The EOARS also provided 
recommendations to address the gaps. The SEAs and EAs suggested potential enhanced mitigation to 
minimize the risk to VECs.  As one would expect, many of the identified data gaps were common to the 
various reports.  Subsequently, the quality of recent data sources to address unique data gaps was 
assessed. In general, the availability of relevant data is considered good for the Scotian Shelf and poor 
for the Scotian Slope. Residual data gaps were determined firstly, on the basis of available knowledge 
and information and secondly, on the assumed application of appropriate enhanced mitigation.  Given 
the short-term nature of exploration activities, the variety of enhanced mitigation options available, the 
plethora of biophysical data for the Study Area and the lack of significant effects identified in recent 
overviews of the results of EEM programs to date, it is not surprising that there are few residual data 
gaps identified for seismic or exploratory drilling. Finally, suggested approaches and time frames for 
addressing identified residual gaps are offered.  
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23.0 Appendix A.  Professional Profile of Geoffrey V. Hurley, M. Sc., Hurley Environment Ltd. 

Geoffrey V. Hurley, M.Sc. has a unique combination of over 25 years of professional experience at the senior 
executive level with the oil and gas and fishing industries, as a fisheries scientist with the federal government 
(Department of Fisheries and Oceans), and as an independent consultant. 

With respect to offshore oil and gas, Mr. Hurley has first hand knowledge of the industry as a full-time Senior 
Environment/Regulatory advisor for the ExxonMobil Sable Energy Project through project construction and 
beyond first gas and for the recently approved EnCana Deep Panuke Project where he helped EnCana prepare 
the environmental assessment for that project and participated as a panel member during the regulatory review 
hearings.  

As a result of these assignments and others, he has first hand knowledge of offshore operations and activities, 
environmental/regulatory review process, and corporate management systems. Through his firm, Hurley 
Environment Ltd., Mr. Hurley has carried out several environment-related studies on a full spectrum of offshore 
activities including seismic surveys, well site hazard surveys, drilling, pipe lay and production operations. He 
has been involved in various types of CEAA environmental assessments: environmental screenings, 
comprehensive study reports, environmental review panels. For industry, Mr. Hurley has developed corporate 
Environmental Management System documentation such as Environmental Management Plans, Environmental 
Protection Plans, the Waste Management Plans and the Fisheries Compensation Plans. He has also designed and 
implemented several offshore Environmental Effects Monitoring (EEM) programs.  

Mr. Hurley has established many contacts with research organizations and stakeholder groups in Atlantic 
Canada.  He helped facilitate the first two offshore Research and Development (R&D) workshops on behalf of 
the offshore companies and the Petroleum Research Atlantic Canada (PRAC). He played a leading role in 
creating and coordinating the Sable Project Offshore Environmental Effects Monitoring Committee. His firm 
has carried out several seismic- related projects under contract to DFO's national Centre for Offshore Oil and 
Gas Environmental Research (COOGER) including participation in a major field monitoring study near the 
Gully MPA. He is a former board member and technical advisor (East Coast) for the Environmental Studies 
Research Fund (ESRF) which is administered by the National Energy Board (NEB) and technical advisor to the 
Petroleum Research Atlantic Canada organization. Mr. Hurley co-authored an important review of Canadian 
and international offshore EEM programs related to environmental effects of exploratory drilling for the 
Canadian Environmental Assessment Agency (CEAA) which contributed in part to a change in the regulatory 
requirements for that activity. He also assisted DFO with the preparation of the Canadian Practice with respect 
to Mitigation of Seismic Sound in the Marine Environment.  

Mr. Hurley is a recognized expert in marine fish and fisheries with over 200 authored or co-authored technical 
reports/publications to his credit.  As a former DFO fisheries scientist, senior executive in the fishing industry 
and independent researcher, he has an in-depth knowledge of fish and shellfish biology, fisheries assessment, 
and fisheries management. As a marine biologist by training, Mr. Hurley understands the ecology and 
biophysical attributes of the marine environment in which offshore facilities are located.  

In summary, Mr. Hurley is able to offer his clients a unique blend of experience, project management, technical 
expertise, and knowledge related to the offshore.  


