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EXECUTIVE SUMMARY 

Participants from across North America virtually joined the first Canada's Oil Sands Innovation 

Alliance (COSIA) workshop on “Genomics & eDNA”, an initiative from the Land Environmental 

Priority Area. The intent was to share progress on the application of genomics and eDNA tools 

for biodiversity monitoring and oil sands reclamation and comparable settings. Participants 

represented various sectors, including the oil and gas industry, environmental consulting 

companies, regulatory agencies, and academia. Presentations focused on targeted species and 

community-level metagenomic research programs, and included technological innovations, and 

the opportunities created by these innovations for applications within the oilsands setting, and in 

the oil and gas sector in general. The proven success of genomics and eDNA in cost-effectively 

augmenting and expanding the information obtained from more traditional environmental 

assessment and monitoring techniques was a common theme through the presentations, as 

was the need for standardized analytical and design methodology in order to facilitate 

confidence in results and ultimately regulatory acceptance.   
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INTRODUCTION 

The first Canada's Oil Sands Innovation Alliance (COSIA) Land Division workshop, titled 

“Genomics & eDNA”, was held online on November 4 & 5, 2020.  Over 60 participants from 

across North America were in attendance and represented environmental regulatory and 

consulting agencies, industry, and academia.  

The main objectives of the workshop were to: 

 Share current research on the applications of genomics and eDNA tools for biodiversity

monitoring and reclamation assessment in oil and gas.

 Identify specific applications, limitations, and knowledge gaps of genomics and eDNA

tools as it relates to oil sands reclamation and biodiversity monitoring.

 Engage collaborations between industry, academia and consultants to generate new

research projects.

The majority of participants (84%) were at least somewhat familiar with eDNA principles and 

tools. Most (77%) felt genomics/eDNA would become the primary approach to monitor 

biodiversity in the aquatic environment within the next 10 years (see Appendix for these and 

other survey results).   

The workshop was organized into two main sessions on each of two days: eDNA for Species 

Monitoring (Day 1) and Genomics for Community Assessment (Day 2). Panel discussions 

followed each session wherein several key themes emerged: 

 There is an increasing amount of eDNA research and pilot project work being conducted

in the oil sands region related to environmental monitoring, much of this is executed as

collaborations between academic researchers, industry managers and consulting

scientists.

 In general, eDNA assessment surveys are typically being compared with traditional

sampling methods for a variety of targeted species and broader ecosystem

characterization studies, and a strong alignment between the methods has been

observed.

 The general consensus amongst academia, industry and regulatory agencies

represented is that eDNA analysis has great potential as an additional tool in the

environmental assessment toolbox.
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 Advantages to using eDNA methods relative to traditional methods include cost, ability to

assess ecosystem taxa more comprehensively, and less destructive sampling methods.

 Current challenges with using eDNA methods include the limited availability of

adequately validated assays for some species and phylogenetic groups, and issues in

some studies with false positives and / or false negatives. The current lack of

standardization of testing methods contributes to reduced confidence of end users in the

results. There is also limited eDNA lab capacity beyond academic research institutions.

 Next steps to advance these methods include standardization of sampling design and

analytical methodology and quality assurance/control protocols. A national working

group that includes academics, researchers, government bodies and consulting firms

has been formed to advance standardization through the Canadian Standards

Association.
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SESSION SUMMARIES 
 

DAY 1: eDNA FOR SPECIES MONITORING 

 

Role of genomics in supporting the hydrocarbon energy sector’s environmental; goals and 
performance 

The first day of the workshop began with an introduction by Dr. Ryan Mercer, Genome Alberta’s 

Manager of Program and Business Development, to the role of genomics in supporting the 

hydrocarbon energy sector’s environmental goals and performance.  Ryan provided an 

overview of what genomics and eDNA are, a summary of the use of genomics in the 

hydrocarbon industry and an overview of some of the current research being conducted via 

Genome Alberta and Genome Canada.   

 

Targeted eDNA tools for species monitoring  

Dr. Caren Helbing from the University of Victoria delivered the keynote talk for Day 1.  Her talk 

provided an overview of targeted eDNA analytical tools for the survey and monitoring of species 

of management interest (for example, at-risk or invasive species, and pathogens).  The 

advantages to using eDNA approaches were discussed, as were some of the challenges to the 

reliability and credibility of the results.  An overview of the analytical approaches and a detailed 

review of the laboratory workflows was provided for both a targeted taxa approach and a 

metabarcoding approach to establish community-based biodiversity and compositional shifts.  

An overview of the reporting of results and associated limits of detection, which is quite different 

from typical analytical laboratory results reporting, was provided.  Best practices for obtaining 

reliable results – including robust assay design and field controls - were discussed.  Caren 

provided an example of the use of eDNA, coupled with traditional knowledge from the 

Athabasca oilsands region, to help locate the overwintering sites of Arctic Grayling.  

 

An innovative paper-based DNA technology for species detection 

The second presentation was delivered by Dr. Natalie Schmitt of McMaster University. Her talk 

provided an overview of the challenges associated with traditional methods of species-detection 
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tools, particularly as they relate to more remote wildlife species including those being illegally 

trafficked or at risk, and the opportunities provided by newer genetic assessment tools for 

overcoming those challenges. Tools are needed that are simple to use and interpret by non-

experts at borders crossings and internationally, and that have more immediate results. A 

technology under development involves extraction of the DNA onto a cellulose paper and DNA 

replication using the Rolling Circle Amplification (RCA) method. A colour change on the paper 

indicates presence of the species.  An overview of the key advantages of RCA was provided, as 

was a future optimization plan for the technology.  This technology is being tested for caribou 

detection (species at risk in Alberta) through fecal samples. 

Using eDNA to detect presence of fish species in Horizon Lake and development of an eDNA 

assay for Canadian toad 

Mary Murdoch, representing Stantec Consulting Ltd. and Canadian Natural, provided a 

presentation discussing the advantages of using eDNA methods rather than traditional 

fishing/capture monitoring methods at Horizon Lake.  Two pilot studies were conducted: the first 

to detect fish species including Arctic grayling and Burbot, the second to detect Canadian toads. 

Takeaways from these studies included: eDNA samples generally corroborated conventional 

methods for Arctic grayling and Burbot, for both qPCR and targeted assay methods. eDNA 

samples also revealed more species in the broader aquatic community than conventional 

sampling methods did. The reasons for anomalous results are being investigated and 

refinement of future sampling and analysis is being conducted. The objective of the Canadian 

Toad pilot was to develop an eDNA assay to detect all life stages of the Canadian toads, so 

ultimately the toads could be relocated if present.  An overview of the development of the qPCR 

assay was provided which allowed the team to distinguish between Canadian and Western 

toads. The assay has been successfully developed.  Next steps include development of a 

duplexed assay.   

Using eDNA to profile fish communities in compensations lakes 

Dr. Brian Eaton, Manager for the Environmental Impacts Team representing InnoTech Alberta 

and Canadian Natural, presented on using eDNA techniques to profile fish communities in 

compensation lakes. Compensation lakes are designed to support the habitat requirements of 
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several native fish species. With conventional sampling only identifying a fraction of the targeted 

species, the objective was to determine if eDNA techniques would help guide further 

assessment of communities, and would provide more robust data with less fishing activity and 

resultant fish mortality as compared to traditional sampling techniques.  Brian provided an 

overview of the process to design a set of eDNA assays along with a summary of the field 

sampling design, quality control and validation processes, and improvements made to the 

design between the 2018 and 2019 programs. Results were presented in a manner that 

illustrated the spectrum of certainty and indicated reasonable alignment with traditional sampling 

for most sites. eDNA results help characterize the fish community and document the 

progression of compensation lakes over time.  The cost is relatively low for a monitoring tool, 

and multiple species can be detected from a single environmental sample.   

Overview of DFO activities to advance the standardization of eDNA with application to 

understanding the fate and behaviours of oil in aquatic environments 

The last talk of Day 1 was from Sherry Walker, National Manager of the Biotechnology and 

Genomics Program within the Ecosystems and Oceans Science Sector at Fisheries and 

Oceans Canada (DFO). Ms. Walker provided an overview of DFO activities intended to advance 

the understanding, use and standardization of eDNA within Canadian aquatic environments.   

Sherry discussed the status of eDNA at DFO, some challenges and opportunities with the 

approach, and the vision for eDNA with DFO.  Some highlights of DFO’s work in DNA include:  

 An eDNA technical working group has been established, and several related workshops

have occurred

 Guidance on the Use of Targeted Environmental DNA analysis for the Management of

Aquatic Invasive Species (AIS) and Species at Risk (SAR) is being developed which will

also include a reporting template and terminology standardization and will be available

on the Canadian Science Advisory website; and

 DFO is also working with the Canadian Standards Association (CSA) to develop eDNA

standards – initiated in March 2020 and will take about 18 months to develop.

Sherry also provided a high level overview of the extensive research that DFO is undertaking, 

including an overview of two studies: a eDNA research related to microbial degradation of 

hydrocarbons in marine oil spills and a shot-gun metagenomics approach to identify either the 

biogenic or petrogenic methane in Baffin Bay.   
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DAY 1 DISCUSSION 

Following the more formal talks on Day 1 a panel discussion session was held with all workshop 

participants, guided by Dr. Doug Bright of Hemmera Envirochem Inc.  The panelists from the 

day were invited to speak and share their opinions on each of the questions or topics posed by 

Doug during the discussion sessions. Participants then had the opportunity to ask specific 

questions about sampling methodologies and study results presented earlier during the day.  

Overall, key themes within the discussion included: 

 The potential benefits of applying eDNA methods to reclamation work such as: 

o eDNA could provide broader, more robust data for lower sampling cost and 

effort,  

o eDNA technologies could be transformed to allow quick access to results for non-

experts,  

o eDNA data could be used to support more informed, strategic decisions around 

monitoring requirements and frequency, most suited reclamation practices, and 

adaptive management for reclamation trajectory.  

o eDNA methods can be a potential monitoring tool to evaluate ecosystems status 

with various benefits over traditional monitoring techniques, including not having 

to harm species or reducing sampling over time. 

 There is a need to explore and develop methodologies to advance eDNA technology 

from yielding not only presence/absence species results, but also relative abundance 

results; and  

 The great benefits of continued collaboration for building shared databases, and sharing 

lessons learned. 
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DAY 2: GENOMICS FOR COMMUNITY ASSESSMENT 

 

DNA metabarcoding from microbes to mammals: applications in environmental assessment and 

monitoring 

The second day began with a keynote talk from Dr. Merhdad Hajibabaei, who is an Associate 

Professor at the Centre for Biodiversity Genomics & Department of Integrative Biology at the 

University of Guelph, as well as Founder and Chief scientific officer at eDNA Tec. Dr. Hajibabaei 

discussed: 

 the slow evolution of traditional methods used to assess biodiversity,  

 the limitations that these assessment methods have imposed on our broader 

understanding and ability to routinely monitor our ecosystems (including invasive and 

harmful organisms and species at risk), and  

 the implication this limited understanding has on our ability to react effectively to major 

ecosystem changes or disaster events like oil spills.  

An overview of the potential and evolution of eDNA metabarcoding methods and studies was 

provided.  Studies have shown that eDNA provides the ability to distinguish between species 

distributions in adjacent environments and evaluate trends in distribution of species with multiple 

years of data.  DNA metabarcoding detects more taxa than traditional approaches, so increases 

the statistical power to detect ecosystem change in a timelier manner.  Canada’s watersheds 

are being assessed using these techniques, in collaboration with public volunteers, through the 

STREAM biomonitoring program. An overview of some of the sequencing technologies was 

provided, including EnviroSeq™ and Novaseq methods. These technologies are being used 

worldwide and will be standardized internationally soon. 

 

Using soil bacterial community intactness as a tool in reclamation  

The next talk was delivered by Dr. Brian Lanoil, Associate Professor in the Department of 

Biological Sciences from the University of Alberta, and he provided an assessment of the soil 

bacterial community and the “intactness” of that community as a tool in evaluating the 

reclamation process in the oil sands context.  Dr. Lanoil’s objective is to develop DNA-based 

tools to provide insight into soil health, and predictions around land reclamation trajectories and 
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timelines.  Soil and land health are a fundamental basis for the rest of the terrestrial 

ecosystems; below-ground biological, chemical and physical health correlates with above-

ground ecosystem health.  Dr. Lanoil provided an overview of the oil sands extraction and 

reclamation processes and provided an overview of 2 case studies where bacteria and fungi 

communities in soils were assessed as a signal of ecosystem functioning and soil health. 

The first case study was an indexing study which looked at the disturbance gradient between 

undisturbed sites, devegetated sites, and reclaimed soils sites of three varieties.  Soils in each 

category were characterized by basic soil chemistry, microbiology and mesofauna. Findings 

indicated that reclaimed and devegetated soils have a higher variability compare to natural soils 

and the relative differences between sites may provide an indication of their reclamation 

trajectories. In addition, evaluating the microbial community composition provides more 

resolution than evaluating variation in soil chemistry, and it was found that forest floor material 

(FFM) is the best substrate for upland forestry reclamation. 

The second case study focussed on stockpiling of soils and effects of the stockpiles’ age (i.e., 

soils can be stockpiled from months to years) and relative depth within the stockpiles on the 

bacterial communities. The stockpile soils at two study sites, Wolf Lake (in situ) and Horizon 

(mine site), were compared with native soils for multiple parameters including bacterial 

communities. The results indicated that:  

 the bacterial community compositions were more alike between stockpiles regardless of

the stockpile site, than they were to the local native soils.

 Both older and younger stockpiles were less similar to their reference soils than the

middle-aged stockpile soils (in the 5 – 7 year range) were and

 there was no correlation of bacterial community with depth in the stockpiles.

This study suggested that stockpiles should be allowed to rest before re-use in reclamation, and 

that the bacterial community composition showed promise as an indicator of soil health.   

Characterizing the soil and root-associated microbiome to improve the restoration of sites 

impacted by natural resources exploitation: possibilities and challenges 

Dr. Christine Martineau, a research scientist/microbiologist at the Laurentian forestry center of 

the Canadian Forest Service, provided the next talk. The Canadian Forestry Service has been 

working with genomics for the past 2 decades and Dr. Martineau provided an overview of the 
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Ecobiomics project (2016 – 2022), the objectives of the project and an overview of several case 

studies.  The objectives of the Ecobiomics project are to establish a federal government 

environmental genomics platform to better assess, monitor and remediate microbial and 

invertebrate biodiversity in soil and aquatic ecosystems. There are related projects going on 

across sectors, in Canada and the US.  Two main research themes include the assessment of 

the impact of natural and anthropogenic disturbances on soil microbiome and associated, and 

potential for plant/soil interactions.  Genomic tools are used for these studies as most 

microorganisms cannot be isolated.  Dr. Martineau provided an overview of pros and cons of 

two types of microbiome analysis: shotgun sequencing and metabarcoding (phylogenetic 

marker gene sequencing).   

Two case studies were discussed. The first assessed the impact of logging and biomass 

removal on the soil microbiome at Montmorency Forest in Quebec.  The second case study 

assessed the tree-soil microbial interactions and their effects on phytoremediation, by studying 

different soil treatments on the genetic diversity of aspen trees and their associated 

belowground biome at former oil sands sites.  In addition, Dr Martineau described an ongoing 

study for development of soft tailings reclamation technologies to create stable and sustainable 

boreal landscapes. All studies suggested that long-term monitoring of bacteria and fungi is 

critical to evaluating the impact of landscape disturbance and the success of reclamation. 

 

Enhancing offshore environmental monitoring with eDNA 

The next talk was from Dr. Jordan Angle, environmental genomics lead in the Research & 

Technology Development group at ExxonMobil.  Dr. Angle provided an overview of the eDNA 

data collection process and an overview of the potential for eDNA work within the 

environmental, socio economic, and health management process flow within ExxonMobil.  An 

overview of some of the marine eDNA applications was provided, along with an overview of a 

case study conducted to characterize the biological communities and assessment methods, and 

ultimately return on investment for eDNA studies, in an offshore Guyana marine setting.  eDNA 

sampling effectively characterized the offshore biodiversity, and with longer term monitoring, is 

useful to evaluate spatial and temporal effects.  A key finding was that eDNA was vital in 

capturing the true breadth of biological diversity in the offshore environment. 
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Adopting a machine learning approach to increase the predictive power of targeted eDNA 

survey designs 

Steve Crookes, a co-founder of Precision Biomonitoring Inc., provided an overview on 

uncertainty and error in eDNA surveys, harvesting the potential of machine learning and an 

overview of the SYBIL™, a machine-learning targeted eDNA survey tool.  The major sources of 

eDNA errors are false positives and false negatives, method errors and process errors.  As 

eDNA data needs to be reliable and replicable to be useful, complexity in the potential error 

spectrum associated with eDNA work has rendered predictive uses problematic.  Machine 

learning provides potential to improve predictive accuracy – and is useful particularly for highly 

complex ecological natural systems including resource management.  The SYBIL™ tool was 

developed, which integrates machine learning with eDNA.  The objective is to create an 

intelligent eDNA survey design tool with wide applicability to reduce error at all levels and 

increase predictive accuracy.  Conceptually, historical data are collated into a large database, 

predictive algorithms are developed, and explanatory models produced.  The next step is to 

evaluate new data within the previously developed models.  The model helps optimize sampling 

design, inputs include target species, water properties, temporal and seasonal characteristics, 

site and sampling method.  The model then provides sampling recommendations to optimize 

probability of accurate results. The training data set is still incomplete, so the tool is still a work 

in progress.  Precision Biomonitoring are looking for volunteers to beta test the software, and 

the intent is to validate the use of the tool via comparison with more traditional methods. 

The role of standards in supporting eDNA innovation 

The final presentation of Day 2 was from Kenneth Clogg-Wright from the Canadian Standards 

Association (CSA Group).  Mr. Clogg-Wright provided an overview of what CSA does, CSA’s 

focus on eDNA, progress to date and future steps.  CSA is built on a foundation of collaboration 

and relies on expert volunteer member-driven committees to help develop standards across 

multiple industries.  Mr. Clogg-Wright clarified that standards are not regulations but can be 

adopted by regulators. Standards to support eDNA development are in progress: interested 

stakeholders are being identified by Mr. Clogg-Wright to help develop the standards, including 

field methods, reporting requirements, lab methodology, and assay development. To date, a 

CSA research project was completed, and a related research paper was published in 2019 

titled, “Environmental DNA Standardization Needs for Fish and Wildlife Population Assessments 
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and Monitoring”.  The first accredited eDNA standard is scheduled to be published by 2021, 

focussed on eDNA reporting requirements and terminology.  Future standards have been 

recommended and are being considered. 

 

DAY 2: DISCUSSION 

Similar to Day 1, on Day 2 Dr. Doug Bright of Hemmera Envirochem Inc, facilitated a panel 

discussion session with the presenters from Day 2 to continue conversations around current 

research and the process of obtaining industry standardization. Highlights of the session 

included: 

 Metagenomic community-level studies are able to measure community composition 

based on the relative abundance of constituent taxa, rather than only presence/absence 

of species within a community.  The general consensus was that at this time, this 

technology should not be used as a proxy for total abundance, but it is possible to make 

more inferences to abundance if data is collected over time and between geographic 

locations.   

 The replicability of community level studies was discussed including where this has been 

examined, and that the results between multiple international labs yielded stable 

metagenomics-level results. Replicability of targeted species studies will improve with 

standardization of primers, analytical process, field sampling methods and design. 

 The main benefits and challenges to applying eDNA and metagenomics in a reclamation 

setting were discussed.  The potential predictive advantage studying the soil mesofauna 

provides may help establish reclamation success or the need for adaptive management 

relative to conventional monitoring methods. In addition, metagenomics has a great 

potential to allow for better understanding of the degradation of chemicals of concern 

prior to reclamation. 

 Panelist agree that the use of genomics and eDNA as a monitoring tool, which offer a 

more detailed and wholistic understanding of the taxonomy present within an ecosystem, 

will help the industry to better understand the ecosystem status and mitigate potential 

risks on time in a disturbed land. 

 It was re-emphasized that eDNA and metagenomic studies are one tool in the 

environmental assessment box, that each tool has biases and potential errors 
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associated with it, so complementary technologies should be employed to ensure a 

robust understanding of ecosystems. 

  



  14 
 

APPENDIX - SURVEY RESULTS 
 

Throughout the 2-day workshop, survey questions were posed to attendees via the online 

survey engine POPin.  The results of those surveys are presented below: 

 

1. What sector do you represent? (26 respondents) 

 

 

2. How would you describe your job role? (26 respondents) 

 

  

31%

19%

27%

8%

15%

Oil & Gas Sector Government Consulting Academia Other

15%

4%
0%

4% 4%

73%

Senior Manager Planner Regulatory
Specialist

Geoscientist Engineer Other
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3. How much experience do you have with eDNA? (26 respondents)  

 

 

4. From a reclamation perspective, what is the highest priority for environmental monitoring? (16 
respondents)  

 

 

  

46%

38%

15%

Highly Familiar Somewhat Familiar Not very familiar

38%

13%

6%

19%

25%

Aquatic species
monitoring

Terrestrial species
monitoring

Invasive species
detection

Soil & Wetland
biogeochemistry

I'm not sure
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5. Which of the following environmental monitoring areas would benefit the most from innovative 
approaches, such as environmental genomics and/or eDNA? (16 respondents)  

 

 

6. When do you see environmental genomics/eDNA becoming the primary approach to monitor 
biodiversity in the aquatic environment? (22 respondents)  

 

 

  

25% 25%

19%

31%

0% 0%

Protection and
recovery of at-

risk species

Managing
against invasive

species

Reclamation
monitoring

Ecosystem
status and

health

Cumulative
effects

monitoring

Other

18%

59%

9%
5%

9%

Within the next 5
years

Within 5-10 years More than 10 years Never I'm not sure
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7. When do you see environmental genomics/eDNA becoming the primary approach to monitor 
biodiversity in the terrestrial environment? (20 respondents)  

 

 

8. How important is the development of standardized approaches for environmental genomics 
and eDNA? (8 respondents)  

 

 

  

10%

35% 35%

5%

15%

Within the next 5
years

Within 5-10 years More than 10 years Never I'm not sure

75%

25%

0% 0%

Highly important Somewhat important Somewhat unimportant Not at all
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9. What are the biggest challenges to introduce environmental genomics in biodiversity 
monitoring for reclamation purposes? (7 respondents)  

 

 

10. What type of reporting do you prefer to see when presented with genomic data? (7 
respondents)  

 

 

57%

43%

0% 0%

Regulatory acceptance Understanding of tools
capabilities

Current technical
limitations- tools not
ready for deployment

Other

43%

29%

14%

0%

14%

Charts showing
trends

Visualizations on
maps

Tables summarizing
data

Taxonomic
Classification

Other




