
 

 

 

 

 

Disclaimer 

The material in this publication does not imply the expression of any opinion on the part of any 
individual or organization other than the authors. Errors, omissions or inconsistencies in this publication 
are the sole responsibilities of the authors. The Alberta Biodiversity Monitoring Institute (ABMI) makes 
no warranty, expressed or implied, nor assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information contained in this publication, nor does that use thereof 
infringe on privately owned rights. The views and opinions of the author expressed herein do not 
necessarily reflect those of ABMI. 
 
This project and report was tasked to ABMI by the Biodiversity Component Advisory Committee (CAC) of 
the Joint Oil Sands Monitoring (OSM) Program and what was formally known as the Alberta 
Environment, Monitoring, Evaluation and Report Agency (AEMERA). The conclusions and 
recommendations contained in this report have neither been accepted nor reject by AEMERA and/or 
the Biodiversity CAC. Until such time as AEMERA and/or the Biodiversity CAC issues correspondence 
confirming acceptance, rejection, or non-consensus regarding the conclusions and recommendations 
contained in this report, they should be regarded as information only. 
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Executive Summary 

Wetlands are recognized as key ecosystems in Alberta, and various stakeholders in northeastern 
Alberta have called for a more coordinated wetland monitoring program for the region. As a result of 
these calls, the Alberta Environmental Monitoring, Evaluation, and Reporting Agency (AEMERA) 
initiated the Integrated Wetland Project, with the goal of developing a wetland monitoring program 
framework for the Oil Sands region. This project, which is being led by the Alberta Biodiversity 
Monitoring Institute (ABMI), aims to develop recommendations for a new wetland monitoring 
program that will provide information about wetland condition, sustainability, and cumulative effects 
at local, regional, and landscape scales.  
 
The proposed framework for a new wetland-monitoring program in the Oil Sands region includes two 
major goals (ABMI 2016). The first goal is to track wetland condition in the region over time, with the 
aim of understanding how the cumulative effects of both natural and anthropogenic factors drive 
change in wetland condition. The second goal of the program is to detect site-specific change in 
wetland condition, with the objective of attributing that change to specific anthropogenic activities or 
natural environmental effects. The proposed approach to achieving these goals is to employ 
monitoring at three different levels: 1) the landscape level, where wetlands will be mapped and 
classified; 2) the regional level, where change in wetland condition will be monitored in relation to 
cumulative effects; and 3) the sector/site/operator scale, where change in wetlands can be attributed 
to specific anthropogenic activities. Given the goals of this new monitoring program, it is anticipated 
that both field-based and remote sensing methods will be employed to assess and track the 
condition of wetlands in the region over time.  
 
The goal of this report is to provide a general summary of field-based wetland monitoring programs 
that have been undertaken in the Oil Sands region, including a summary of key gaps and 
recommendations for integration with a new wetland monitoring program. This review made 
extensive use of grey literature (e.g., websites, unpublished industry and government reports) and 
personal communication with individuals who have participated in the various monitoring programs, 
as well as program experts. In addition, representatives from each program included in this review 
were contacted and were extended an opportunity to provide comments to ensure factual 
correctness and completeness. It is important to note that this report is not a scientific review or 
critique of the goals, objectives, or design of existing wetland monitoring programs in the Oil Sands 
region. Rather, the intent of this report is to provide a high-level overview of existing wetland-related 
monitoring programs, such that this information can be considered in the development of a new 
wetland monitoring program. In this review, we summarize and describe the following for each of the 
selected wetland-related monitoring programs: 

1. The stated goals and objectives of the monitoring program; 

2. The geographic scope of the monitoring program; 

3. An overview of the study design for each monitoring program; 

4. The environmental and biological variables monitored; 

5. A brief discussion of the relevance of each program to the development of a new regional 
wetland monitoring program, and which components of the existing program could be 
integrated into a new monitoring framework. 

This report focuses on summarizing wetland monitoring programs that are currently, or have 
previously, been implemented in the Oil Sands region, including three of the largest and longest 
running monitoring programs in operation: the Alberta Biodiversity Monitoring Institute (ABMI), the 
Wood Buffalo Environmental Association (WBEA), and the Regional Aquatics Monitoring Program 
(RAMP). In addition, two more recent monitoring initiatives were reviewed, including: the Ecological 
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Monitoring Committee for the Lower Athabasca (EMCLA) and the Alberta Environmental Monitoring, 
Evaluation and Reporting Agency - Joint Canada-Alberta Implementation Plan for Oil Sands 
Monitoring (AEMERA - JOSM). This review also includes an overview of the recommendations for 
the development of regional monitoring program in the Oil Sand Region that were outlined in a 
comprehensive report that was released in 2012 by the Cumulative Effects Management Association 
(CEMA). While these recommendations have never been implemented, it was developed with the 
input of key stakeholders, and many of the recommendations are germane to the development of a 
new regional wetland monitoring program. 

 

Monitoring Programs Reviewed 
 
Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring (AEMERA – JOSM) 
The Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring (JOSM) program was 
initiated in 2012 following a Federal Oil Sands Advisory Panel review that identified key shortcoming 
in the existing monitoring activities for the Lower Athabasca Region. JOSM was initially conceived to 
span a period of three years, and was designed to provide an integrated monitoring program for the 
Lower Athabasca Region in the following four major component areas: 1) Air Quality; 2) Water; 3) 
Wildlife Contaminants and Toxicology, and; 4) Biodiversity and Habitat. In April 2014, the Alberta 
Environmental Monitoring, Evaluation and Reporting Agency (AEMERA) was created and assumed 
provincial responsibility for JOSM. AEMERA adopted the same foundation as JOSM, and used the 
data collected by JOSM to as the basis for developing more focused research and monitoring 
programs. A range of different wetland types have been monitored by AEMERA-JOSM, and the 
majority of these programs have been operating since 2011, with several expected to continue to 
2017 and beyond. 
 
Regional Aquatics Monitoring Program (RAMP) 
The Regional Aquatics Monitoring Program (RAMP) was a multi-disciplinary initiative established in 
1997 to determine, evaluate, and communicate the state of the aquatic environment and any 
changes resulting from cumulative resource development within the Regional Municipality of Wood 
Buffalo. The objective of the program was to understand the potential effects of Oil Sands 
development on aquatic systems, as well as address specific issues important to communities in the 
region. Monitoring stations were located on the Athabasca River and its tributaries, within the 
Athabasca River delta, on the Clearwater River, and at nine lakes and wetlands. The RAMP program 
was designed to assess the impacts of environmental changes related to Oil Sand activities, as well 
as provide monitoring that could satisfy regulatory requirements for individual leaseholders. The 
RAMP program had six major components: 1) Climate and Hydrology; 2) Water Quality; 3) Benthic 
Invertebrate Community; 4) Sediment Quality; 5) Fish Populations, and; 6) Acid-sensitive Lakes. The 
primary focus of RAMP was on rivers, with a minor focus on lentic water bodies. No sampling 
occurred in bogs, fens, swamps, or in small and/or ephemeral or seasonal marsh wetlands. In 2010, 
an independent scientific review of RAMP was conducted (AITF 2011). This review generally 
concluded that the program was not designed to detect and assess cumulative effects and regional 
trends due to a loss of reference sites and inadequate representation of natural variability. The panel 
also noted the lack of integration between RAMP and other monitoring initiatives in the region. On 
April 1, 2014, all of the monitoring activities previously undertaken by RAMP were transferred to 
AEMERA-JOSM. 
 
Wood Buffalo Environmental Association (WBEA) 
Concerns about the impact of industrial emissions from the Athabasca Oil Sands on the surrounding 
environment (e.g., water, soil, and vegetation) led to the Wood Buffalo Environmental Association to 
initiate the Terrestrial Ecosystem Effects Monitoring (TEEM) Program in the mid 1990s. The TEEM 
project aims to determine if anthropogenic emissions of acidifying compounds, such as SO2 and NOx 
gases, are having long-term adverse impacts on the environment in the region. The primary TEEM 
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program focuses on terrestrial monitoring of jack pine stands, which are sampled every 3 or 6 years. 
The program conducts detailed vegetation surveys and collection of soil and plant materials 
(branches and foliage) for chemical analysis, including total sulphur, nitrogen and carbon content in 
soils, plant tissues (needles, bark) and lichens, tree condition and health, detailed tree plot mapping, 
and soil concentrations of calcium, magnesium, sodium and iron. In addition to the main terrestrial 
monitoring program, TEEM has conducted two short-term wetland studies: the first ran between 
2005 and 2008, and the second between 2009 to 2012. One study monitored nitrogen and sulphur 
deposition at six bog wetland sites. The second study collected and analyzed lichen, moss, and 
vascular plant tissue for carbon, nitrogen, and sulphur concentrations, and measured organic matter 
decomposition rates. This latter study highlighted the potential use of the lichen Evernia 
mesomorpha as an ecological indicator, as elemental uptake of N and S was shown to increase with 
increasing atmospheric concentrations, which in turn was shown to increase in proximity to oil sands 
facilities.  

 

Ecological Monitoring Committee for the Lower Athabasca (EMCLA) 
The EMCLA was a joint government-industry committee initiated in 2010 that was composed of 
representatives from the Oil Sands industry and various government ministries and agencies. A key 
goal was to design cost-efficient protocols to monitor rare and elusive species in the Lower 
Athabasca Planning Region (LAPR), with included two key wetland associated projects: 1) 
Monitoring of Uncommon & Elusive Vocalizing Animal Species; and 2) New Monitoring Protocol for 
Rare Plants. The Uncommon and Elusive Animal program was designed to implement long-term 
animal monitoring programs for species that are at risk or threatened in the LAPR, specifically owls, 
yellow rail, Canadian toad, and other amphibians. This program used automated recording units 
(ARUs) as an alternative to the traditional call-playback method of sampling to better understand the 
ecology and habitat use of each species. The rare plant program aimed to improve the 
understanding of rare plant distribution and habitat preferences in the LAPR, increase the efficiency 
of rare plant monitoring, and assist with regional and site level land use planning and mitigation. This 
program has developed predictive occurrence models for 25 rare plant species that identify “rare 
plant hotspots”, and uses an iterative process that improves model predictions over time with 
increased data to aid in selecting sampling sites and data collection. The EMCLA was dissolved in 
2012, and integrated into the AEMERA-JOSM funding umbrella. Currently, the monitoring work that 
was initiated under the EMCLA is managed by ABMI and the University of Alberta. 

 
Alberta Biodiversity Monitoring Institute (ABMI) 
The goal of the Alberta Biodiversity Monitoring Institute (ABMI) is to track changes in the distribution 
and abundance of wildlife and their habitats throughout Alberta, with the objective of providing 
ongoing, relevant, and scientifically credible information. The ABMI monitoring program includes a 20 
x 20 km systematic grid of 1656 permanent sites - based on the National Forest Inventory (NFI) grids 
- that cover the entire province of Alberta. As of 2015, 1255 systematic sites (964 permanent and 
291 off-grid sites) and 1027 wetland sites (936 permanent and 91 off-grid sites) have been sampled 
in the province, with 350 permanent sites being located in the Oil Sands region. The ABMI program 
includes two monitoring programs: 1) the Systematic Monitoring Program and 2) the Wetland 
Monitoring Program. As part of the Systematic program, sampling plots at all 1656 sites are 
randomly selected, and all habitat types present, excluding open water, are assessed using a 
standardized terrestrial habitat protocol. For the Wetland Monitoring Program, a permanent open 
water wetland is established at, or within 10 km of each NFI point. The ABMI program was initiated in 
2003, with pilot sampling conducted between 2003 and 2006. Full province-wide sampling for the 
first rotation began in 2007 for both the systematic and wetland monitoring components. Once the 
ABMI program reaches its full financial capacity, each of the 1656 systematic and wetland sites will 
be visited every 5 years. To date, 151 systematic sites and 129 wetlands sites have been re-visited 
for a second rotation across the province. 
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Canada’s Oil Sands Innovation Alliance (COSSIA) 
COSIA is an alliance of 13 oil sands producers that was launched in 2012. The alliance is “focused 
on accelerating the pace of improvement in environmental performance in Canada’s oil sands 
through collaborative action and innovation” by bringing together individuals from industry, 
government, academia and the public (COSIA 2012). COSIA established a Wetlands Working Group 
in July of 2015; one of the objectives of the Working Group is to align monitoring across companies, 
and with regional monitoring initiatives, where appropriate and possible. The Wetlands Working 
Group aims to establish a wetland monitoring program for industrial leases, and to date, has 
completed a survey of members to collate information about industry wetland monitoring programs. 
This initial work illustrates the potential for alignment of key components of wetland monitoring 
programs at oil sands facilities across companies, and with regional monitoring initiatives to provide 
information that is necessary to meet existing regulatory approval requirements. While the specifics 
of a coordinated wetland monitoring program has not yet been developed, the Working Group has 
defined key monitoring questions that include both stressor-based and effects-based monitoring 
within a tiered and triggered program. The monitoring questions are focused on documenting 
expected and unexpected change that may result from known industry-related and natural stressors 
(e.g., ground water draw-down, increased salinity, change in pH, climate, fire), both at a local and 
regional scale. The timeline for the completion and rollout of this monitoring program is unknown. 
 

Wetland Monitoring Program Integration 
When considered as a whole, wetland monitoring programs that have been implemented in the Oil 
Sands region have sampled many of the indicators to have been proposed for inclusion in a new 
monitoring program. In particular, there has been reasonably extensive sampling of open water 
wetlands for both biological and environmental variables across the Oil Sands region; however, the 
different programs use different sampling approaches, so work will be required to integrate existing 
datasets and refine indicators. Moreover, under the AEMERA-JOSM and EMLCA programs, there 
has been extensive effort directed towards developing or refining sampling techniques that will 
improve the accuracy of sampling results for benthic invertebrates, water quality, and other wildlife.  
 
While there are opportunities to integrate existing programs with a new regional monitoring program, 
there are critical gaps in how wetlands in the region have been monitored. Across all existing 
wetland monitoring programs, small (<1 ha) and ephemeral marsh or open water wetlands, and 
organic wetlands (bogs and fens) are not being adequately sampled. Organic wetlands are the most 
common type of wetland within the Oil Sands region, and these wetlands are generally being 
sampled in an ad hoc manner. Further, many of the existing monitoring programs are focused on 
wildlife monitoring, and are measuring different environmental and biological variables using different 
methods, and are addressing different research and monitoring questions. As a result, it is difficult to 
directly compare results from the various monitoring programs. A summary of the key components of 
wetland and wetland-related monitoring programs that have been implemented in the Oil Sands 
region is provided in Table 1, with a summary of the variables collected by each program provided in 
Table 2. 
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Table 1. Summary of key program components for wetland monitoring programs in Alberta. 

Geographical Extent 
Number & Type of Sites 
Sampled 

Sampling Frequency Sampling Duration1 

 
AEMERA-JOSM Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring 

Watersheds in the 
Athabasca River basin 
located upstream and 
downstream of the Oil 
Sands Region, (AB, 
SK, NWT)  

Subprogram 1 - Water Quality, Quantity & Aquatic Biodiversity & Effects 

1A) Integrated Water Quality & Aquatic Biodiversity Monitoring in Rivers 
No wetlands sampled; program 
focuses on rivers 

Water quality collected monthly; 
benthic invertebrates sampled 
annually or every 3 years 

2011 to 2015; 
unknown end 
date 

1B) Acid-Sensitive Lakes 

210 in the Oil Sands Region; 933 
across AB, SK, NWT 

Each site has been sampled once; a 
subset of 51 lakes have been 
sampled twice annually since 2012 

2011 to 2015; 
unknown end date 

1C) Deltaic Ecosystem Health 

40 wetland complexes located 
outside the Oil Sands Region 

Annually; future monitoring may be 
on a three-year rotation 

2011 to 2015; 
unknown end date 

Subprogram 2 - Wildlife Contaminants and Toxicology Monitoring 

2A) Avian Health in the Oil Sands 
78 nest boxes placed at industrial 
sites; 30 nest boxes at reference 
sites  

Daily monitoring of nests after initial 
incubation period until 14 days after 
hatching  

2012-2014 

2B) Hunter/Trapper Wildlife Contaminants & Toxicology 
55 traplines are sampled, covering 
~175 wetlands of all classes 

Annually 2011 to 2015; 
unknown end date 

2C) Wetland and Amphibian Health  
21 open water wetlands; only 9-13 
sites monitored intensively 

Annually 2011 to 2015; 
unknown end date 

2C) Plant Health & Contaminants  
22 sites located in close proximity 
to Fort McMurray 

Site reconnaissance in 2012; 
focused sampling at 12 sites in 2013 
& 10 sites in 2014 

2012-2015; 
unknown end date 

Subprogram 3 - Terrestrial Biodiversity Monitoring 

3A) Status and Trend Monitoring of Listed, Rare, and Difficult-to-monitor Species 
~950 wetland sites;  
>6,800 sites total 

Each site sampled once 2011 to 2016; 
unknown end date 

3B) Cause Effects Assessment of Oil Sands Activity on Migratory Landbirds 
9 grids (500 x 500m) in black 
spruce bogs & 284 points counts 
primarily in bogs & fens) 

Annually 2013 to 2015 

3C) Waterfowl Monitoring 
All open water wetlands in 251 
grids (2.5 x 2.5 km)  

4 times/year 2013 to 2017 

3D) Monitoring of Whooping Crane 
All wetlands used by 71 birds fitted 
with radio-transmitters 

GPS positions returned 4-5 
times/day 

2009 until ~2019 

Continued …  
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Table 1 continued. Summary of key program components for wetland monitoring programs in Alberta. 

 

Geographical Extent 
Number & Type of Sites 
Sampled 

Sampling Frequency Sampling Duration1 

 
Regional Aquatics Monitoring Program (RAMP) 

Regional Municipality of 
Wood Buffalo 

9 lakes or large permanent 
wetlands 

Annually 2006: 4 lakes;  
2011 to 2014: 9 lakes 

Wood Buffalo Environmental Association (WBEA) 

Athabasca Oil Sand 
Region 

6 bogs;  
43 terrestrial sites 

Bogs: Annually;  
Terrestrial sites: Every 6 years 

Bogs: 2009 to 2012;  
Terrestrial sites: 1998, 
2001-2004, 2011-2012; 
unknown end date 

Ecological Monitoring Committee for the Lower Athabasca (EMCLA) 

Lower Athabasca 
Planning Region 

Subprogram 1 - Uncommon and Elusive Animal Species  

Yellow Rail 
94 graminiod fens & meadow 
marshes 

Annually 2012 to 2015; unknown 
end date 

Amphibians 
56 wetlands of various classes Annually 2012 to 2015; unknown 

end date 

Subprogram 2 - Rare Plants 

252 wetland sites focused on 
fens and bogs; 512 total 

Annually; 2/3 of sites are new, 1/3 
are re-sampled 

2012 to 2015; unknown 
end date 

Alberta Biological Monitoring Institute (ABMI) 

Throughout Alberta 350 permanent open water 
wetlands >1ha & 350 systematic 
sites (some that may be bogs, 
fens, or swamps) in the Oil 
Sands Region; 1656 sites 
across Alberta 

Annually; each site to be resampled 
every 5 years when program 
reaches financial capacity 

2007 to unknown end 
date 

Canada's Oil Sands Innovation Alliance (COSIA) 

Lease sites in the Oil 
Sands Region 

Program under development Program under development Program under 
development 

1Programs denoted as having an “unknown end date” are those that, at the time of writing this report, are on going with no set end 
date for the program. The continuation of many of these programs is contingent upon continued funding. 
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Table 2. Summary of the variables collected by various wetland monitoring programs in northeastern Alberta. 

Site Condition Variables Biological Variables 
Human Disturbance 
Variables 

 
AEMERA-JOSM Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring 

Subprogram 1 - Integrated Monitoring for Water Quality, Quantity and Aquatic Biodiversity Effects 

 Basic water chemistry  

 Lake area 

 Nutrient & metal concentrations  

 Stream flow & discharge 

 Stable isotopes 

 Benthic macro-invertebrate 
community composition 

 Fish community composition & health  

 Contaminant concentrations in frogs, 
insects, & benthic invertebrates 

 

Subprogram 2 - Wildlife Contaminants and Toxicology Monitoring 

 Basic water chemistry 

 Air contaminants 

 Metal concentrations 

 Historical contaminants (sediment core)  

 Reproductive performance 

 Physiological response 

 Stress hormones & immune response  

 Population size & age distribution 

 

Subprogram 3 - Terrestrial Biodiversity Monitoring 

 Ecosite  

 Conditions (wind, temp. & precipitation) 

 Wetland depth 

 Vegetation assessment  

 Aural & visual bird detections 

 Avian fitness & habitat use 

 Waterfowl & waterbird settling rates & 
productivity 

 Area of: well pads 
harvested forest, linear 
features, impermeable 
surfaces 

 Distance to tailings ponds 

Regional Aquatics Monitoring Program (RAMP) 

 Basic water chemistry  

 Major ions, nutrients, & organics  

 Dissolved metals & acute toxicity 

 Dissolved organic and inorganic carbon 

 Sediment carbon, metals & organics 

 Phytoplankton 

 Zooplankton 

 Benthic invertebrate community 
composition 

 

Wood Buffalo Environmental Association (WBEA) 

 Precipitation & temperature 

 C, N, & S accumulation  

 Organic matter decomposition rates 

 Atmospheric deposition (N, S) 

 Porewater chemistry 

 Plant tissue chemistry 

 Net primary production 

 Concentration of N, C, S, chlorophyll 
& phaeophytin  

 Biological N2 fixation  

 

Continued … 

 

  



Wetland Field Monitoring Program Review for Northeastern Alberta 
 – FINAL – 

 

ix 

Table 2 continued. Summary of the variables collected by various wetland monitoring programs in northeastern 
Alberta. 

 

Site Condition Variables Biological Variables 
Human Disturbance 

Variables 

 
Ecological Monitoring Committee for the Lower Athabasca (EMCLA) 

Subprogram 1 - Uncommon and Elusive Animal Species  

 Wetland/habitat type 

 Water depth 

 Auditory detections of target spp 

 Vegetation composition & cover 

 Area of: well pads, linear 
features 

Subprogram 2 - Rare Plants 

 Ecosite & soil pH 

 Aspect & slope 

 % bare ground, water &  area affected by 
natural disturbance 

 Dominant tree canopy species 

 Rare plant population size & extent 
estimate; voucher specimen  

 Vascular plant species list 

 Area & type of human 
disturbance within plot 

Alberta Biological Monitoring Institute (ABMI) 

 Ecosite & wetland class 

 Basic water chemistry, nutrients, & isotopes 

 Wetalnd area, depth & basin bathometry 

 Wetland characteristics within 20m, and 
between 20-100m of wetland 

 Relative density of vascular plants 

 % cover shrubs & trees by zone 

 Aquatic invertebrate community 
composition 

 Presence of birds, mammals, 
amphibians, reptiles 

 % cover of human-created 
habitats within 20m of 
shoreline 

Canada's Oil Sands Innovation Alliance (COSIA) 

 Program under development  Program under development  Program under 
development 
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1. Introduction  
The Alberta Environmental Monitoring, Evaluation, and Reporting Agency (AEMERA) was 
established in May 2014 to monitor, evaluate, and report on key environmental indicators. An 
objective of AEMERA is to create open and transparent access to scientific data and information on 
key indicators of air, water, land, and biodiversity, such that more informed land use decisions can 
be made in Alberta. During consultation with the Oil Sands Component Advisory Committees (CACs) 
and other stakeholder groups, wetlands were identified as a priority ecosystem, and the need for a 
more coordinated wetland monitoring program was identified. As a result, AEMERA initiated the 
Integrated Wetland Project and retained the Alberta Biodiversity Monitoring Institute (ABMI) to 
coordinate and lead the project, with the goal of developing a wetland monitoring program that will 
contribute meaningful and robust scientific information to more effectively manage these key 
ecosystems. 
 
The specific objective of the Integrated Wetland Project is to develop a wetland monitoring program 
for the Oil Sands region in northeastern Alberta. This program should provide information about 
wetland health, sustainability, and cumulative effects at local and regional scales, and must be able 
to discriminate between natural variation and changes resulting from human disturbance. The intent 
of this monitoring program is to provide industry (e.g., surface mining, in-situ extraction, other energy 
development, forestry industry, etc.), government (e.g., policy, planning, regulation), and other 
stakeholders (e.g., ENGO, general public) with robust information that can be used to support land 
use planning, regulatory approvals, and conservation of wetland ecosystems.  
 
The first Phase of the Integrated Wetland Project is to identify the scope and objectives required for 
an effective field-based wetland monitoring program for the Oil Sands region. Based on these 
objectives, a wetland monitoring framework will be developed that outlines the variables that need to 
be monitored to track drivers of wetland change, as well as wetland response to those drivers. In 
addition, an important component of this first Phase of the project is to evaluate existing wetland 
monitoring programs in the Oil Sands region, in order to identify opportunities to integrate these 
programs into the proposed sampling design. This review includes field-based programs, as well as 
programs that utilize remote sensing technology to monitor and assess wetland condition.  
 
Fiera Biological Consulting Ltd. was retained by the ABMI to assist with the review of existing field-
based monitoring programs in the Oil Sands region, including both the surface mining and in-situ 
areas. This review includes three of the largest and longest running monitoring programs in the Oil 
Sands Region: the Alberta Biodiversity Monitoring Institute (ABMI), the Wood Buffalo Environmental 
Association (WBEA), and the Regional Aquatics Monitoring Program (RAMP), which have all run for 
10+ years in the region. In addition, two more recent monitoring initiatives were reviewed, including: 
the Ecological Monitoring Committee for the Lower Athabasca (EMCLA) and the Alberta 
Environmental Monitoring, Evaluation and Reporting Agency - Joint Canada-Alberta Implementation 
Plan for Oil Sands Monitoring (AEMERA - JOSM) initiative. AEMERA-JOSM was initiated in 2012 
following a Federal Oil Sands Advisory Panel review that identified key shortcoming in the existing 
monitoring activities for the Lower Athabasca Region, and the responsibility for environmental 
monitoring in the region was transferred to AEMERA-JOSM in 2013. Since 2013, AEMERA-JOSM 
has been the primary funding agency for monitoring in the region, and has operated as an umbrella 
program with a number of collaborating agencies and partners, including: Environment and Climate 
Change Canada, Alberta Biodiversity Monitoring Institute, Ducks Unlimited Canada, the University of 
Alberta, and the Wood Buffalo Environment Association.  
 
The ultimate goal of this report is to summarize existing wetland monitoring field programs, identify 
gaps that exist with respect to existing wetland monitoring in the Oil Sands region, and recommend 
how various components of existing wetland monitoring programs can be integrated to support the 
field sampling design of a new wetlands monitoring program. This review made extensive use of 
grey literature (e.g., websites, unpublished industry and government reports) and personal 
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communication with individuals who have participated in the various monitoring programs, as well as 
program experts. Representatives from each program reviewed were contacted and were extended 
an opportunity to provide comments to ensure factual correctness and completeness. It is important 
to note that this report is not a scientific review or critique of the goals, objectives, or design of 
existing wetland monitoring programs in the Oil Sands Region. Rather, the intent of this report is to 
provide a high-level overview of existing wetland-related monitoring programs, such that this 
information can be considered in the development of a new wetland monitoring program.   
 
The intent of this report is to review existing monitoring program in the Lower Athabasca region that 
are primarily focused on wetlands. Herein, we define wetland classes using the definitions provided 
in the Alberta Wetland Classification System (AWCS), which includes bogs, fens, shallow open 
water, marshes, and swamps. While there are a wide range of research and monitoring initiatives 
that have been previously completed, or are currently on going in the region, the intent of this review 
is to focus on programs that have a substantial wetland monitoring component. In this review, we 
summarize and describe the following for each of the programs selected for review: 

1. The stated goals and objectives of the monitoring program; 

2. The geographic scope of the monitoring program; 

3. An overview of the study design for each monitoring program; 

4. The environmental and biological variables monitored; 

5. A brief discussion of the relevance of each program to the development of a new regional 
wetland monitoring program, and which components of the existing program could be 
integrated into a new monitoring framework. 

This review also includes an overview of the recommendations for the development of regional 
monitoring program in the Oil Sand Region that were outlined in a comprehensive report that was 
released in 2012 by the Cumulative Effects Management Association (CEMA). While these 
recommendations have never been implemented, the CEMA report was developed with the input of 
key stakeholders, and many of the recommendations are germane to the development of a new 
regional wetland monitoring program. The report concludes with a synthesis of each of the 
monitoring programs reviewed, with the aim of providing a high-level assessment about which 
components of each program may provide important data, methodologies, or opportunities that can 
be leveraged as part of a new wetland monitoring program.   
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2. Recommendations for a Wetland Monitoring Program in the Oil 
Sands Region 

2.1. Cumulative Environmental Management Association (CEMA) 

Reference:  

Cumulative Environmental Management Association. (CEMA). Development of a Regional 
Monitoring Program to Assess the Effects of Oil Sands Development on Wetland 
Communities. 2012-06-13. http://library.cemaonline.ca 

 

Report Overview 

The Cumulative Environmental Management Association (CEMA) prepared a report outlining 
recommendations for the development of a regional wetland monitoring program for the purpose of 
assessing the effects of Oil Sands mine development on wetland communities within the minable Oil 
Sands region. As of 2008, 1460 km2 of land had either been actively disturbed or approved for 
development by Oil Sands mining. The majority of this area is covered by wetlands, which are 
required to be replaced to a certain extent by reclaimed wetlands under the Environmental Protection 
and Enhancement Act (EPEA) if disturbed or removed. For wetlands that are not directly removed, 
but are affected or changed by development, EPEA approvals stipulate that companies must apply 
corrective conservation measures. Specifically, Oil Sands mine operators must submit plans to: 1) 
monitor natural wetlands for natural variability; 2) determine and monitor the potential effect of 
dewatering and mine development on affected wetland communities; and 3) undertake corrective 
measures, where appropriate, to protect affected wetland communities; however, the wording in 
EPEA approvals is vague, leading in many cases to different interpretations of the same clauses. 
 
Given these regulatory requirements and ambiguities, the objectives of the CEMA report were to: 

1. Develop expanded definitions and formalize the interpretation of the EPEA approval clauses 
issued to companies permitted to develop surface mines; 

2. Design the framework for a regional wetland-monitoring program that would satisfy these 
clauses; 

3. Identify suitable indicators that would be diagnostic of impending wetland degradation far 
enough in advance of its expression that corrective actions can be taken before the wetland 

communities become significantly altered. 

This report identified a need for a regional monitoring framework to ensure that EPEA approval 
requirements are being met. The authors noted a need for this framework to include quantitative 
assessments of the overall condition of natural wetland resources, and the relative condition of 
wetlands affected directly and indirectly by human activities associated with Oil Sands development. 
The scope of this report included a review of existing local and regional monitoring programs (as of 
2010) to determine if they could inform the development a regional wetland monitoring program. As 
of 2010, the authors suggested that only five programs possessed the adequate spatial extent and 
resolution in the Oil Sands region to be considered for inclusion into a new monitoring program, 
including: the Regional Aquatic Monitoring Program (RAMP), the Wood Buffalo Air Quality Monitor 
Program, the Terrestrial Environmental Effect Monitoring (TEEM) Program, the Woodland Caribou 
Monitoring Program, and the Alberta Biodiversity Monitoring Institute (ABMI) Program. While these 
programs had adequate spatial coverage, the report also concluded that all of the listed programs 
had limited applicability in their methods and sampling designs to be included in a new regional 
boreal wetland monitoring program.  
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Proposed Wetland Monitoring Program Goals 

The report development included two workshops that brought together experts and stakeholders 
from CEMA, academia, the provincial and federal governments, and industry. The intent of these 
workshops was to identify the monitoring goals, definitions, and approaches needed for the 
development of a regional wetland monitoring program. In addition, these workshops focused on the 
identification of environmental stressors and response variables that should be considered in the 
new program. In particular, the second workshop focused on summarizing the expert opinion and 
best professional judgment of over 20 scientists familiar with boreal wetlands in the oil sand region to 
identify the linkages between the drivers of disturbance, the environmental stressors, and the key 
biological responses of wetland organisms. The key results of the first workshop, which identified the 
goals and framework for a new program, are described below: 

1. A regional monitoring program must combine multiple types of monitoring, including effects-
based, temporal change, and regional condition monitoring in order to meet the goals of 
monitoring outlined in the EPEA Approvals clauses, where: 

a. Effects-based monitoring is designed to detect anticipated impacts at a location, 
usually from a specified activity or source of disturbance; 

b. Temporal change monitoring is designed to track changes in ecosystem condition 
over time, either at one location, or throughout a region; 

c. Regional condition monitoring is designed to provide a snap-shot characterization of 
environmental or biological condition within a specified region. 

2. There are four major categories of environmental stressors that impact wetlands in the Oil 
Sands region, and protocols should be development to monitor these stressors:  

a. Groundwater dewatering and its effects; 

b. Other direct/indirect hydrologic alterations;  

c. Land alteration; 

d. Deposition of airborne particles. 

3. The program must monitor variables that are diagnostic and anticipatory. A diagnostic program 
can attribute changes in wetlands to direct or indirect stressors (cause and effect monitoring). 
An anticipatory program is able to detect a change in stressor variables before there is a major 
and potentially irreversible change in the biological response variables. 

4. The spatial extent of the program must allow three distinct areas to be mapped and monitored: 

a. Areas where mines have been developed; 

b. Areas that have been leased for mining (mostly natural land – activity planned for 
near or intermediate future); 

c. Areas in the region that have not yet been leased for mining, including protected 
areas (regional, provincial and national reserves and parks). 

These categories are needed to identify Focal Monitoring Regions (those impacted or soon 
to be impacted by development), and Reference Monitoring Regions that will represent the 
minimal amount of stress, and the land in the best condition outside of the Focal Monitoring 
Regions. 

5. The monitoring program must have spatial resolution sufficient to detect effects on various 
classes of wetlands (e.g., fen, bog, marsh) and their associated vegetation types, which may 
vary in their sensitivity to development. It was recommended that site selection be based upon 
on the size and frequency distribution of natural wetlands in the region.  
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Suggested Environmental, Biological, and Human Disturbance Variables 

The second workshop summarized the drivers, stressors, and response variables identified as being 
most important to wetland health and function. Seventy-two variables were identified as being 
strongly associated with the following seven environmental or land use categories (the number of 
variables associated with each land use category is indicated in parentheses). 

1. Atmospheric characteristics (1) 

2. Sediment/soil chemistry characteristics (7) 

3. Water chemistry (8) 

4. Hydrology (15) 

5. Landscape features (4) 

6. Land cover classes (9) 

7. Biological response variables (28) 

The 10 most important drivers or stressor variables identified in the workshop were: 

1. Surface water seepage (Driver) 

2. Landscape alteration (Driver) 

3. Aerial deposition (Driver) 

4. Groundwater discharge (Driver) 

5. Salts in water (Water Quality Stressor) 

6. pH of water (Water Quality Stressor) 

7. Nitrogen concentration (Water Quality Stressor) 

8. Distance to below ground to water table (Hydrology stressor) 

9. Percentage disturbed land (Land cover stressor) 

10. Landscape fragmentation (Land cover stressor) 

The biological response variables most frequently linked to stressor variables represented various 
biotic attributes (e.g., biomass, diversity, or health) of non-vascular and vascular plants, macro-
invertebrates, and amphibians.  
 
Participants were also asked to describe the relevant ‘cause-effect’ relationships among linked 
driver-stressor-response variables. While certain variables may be important drivers or response 
variables, they may not necessarily be suitable candidates for monitoring programs that are focused 
on determining the causes of a change in ecosystem condition. The causes or effects of changes in 
highly integrated variables will be difficult to determine precisely because variables are linked to so 
many other drivers or stressors. The degree of interrelatedness among driver and response 
variables was defined as the “Diagnostic Weight”. All biological response variables of wetland 
community scored poorly under the Diagnostic Weight, indicating they are not robust diagnostic 
indicators of the mine development driver variables for cause and effect monitoring. 
 
The workshop exercise produced a list of candidate indicator variables that can inform wetland 
status and potentially diagnose the underlying causes of degradation. These indicators will need to 
be developed into true indicators by calibrating them across gradients of stress, creating 
standardized tools that have defined endpoints, benchmarks, and diagnostic value. 
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Recommended Geographic Extent of the Monitoring Program 

The study area used for this report was operationally defined as the portion of the Regional 
Municipality of Wood Buffalo, for which surface Oil Sands mining was judged to be economically 
feasible using the Energy Resources Conservation Board Oil Sands boundaries, and the area for 
which high resolution wetland classification was available based on the 2008 Ducks Unlimited land 
cover data.  
 
Within the study area, three classes of land were distinguished:  

1. Disturbed Area Zone (DAZ): Areas that already have been developed, or otherwise altered. 
These areas were not part of the monitoring program; 

2. Focal Monitoring Areas (FMA - M): Areas that have not been developed but that are at the 
periphery of the DAZ, and are at potential risk of degradation due the effects of mine 
development. Two classes of Focal Monitoring area were identified 

a. Focal Monitoring Areas 1 km: those extending up to 1 km away from the lease mine 
boundary 

b. Focal Monitoring Areas 5 km: those extending up to 5 km away from the lease mine 
boundary 

3. Reference Monitoring Area (RMA): Areas that are assumed to be outside the influence of mine 
development or minimally at risk of effects. Given that no area in the region is completely free 
of human-related stresses, this land is the best available within the Oil Sands region, but 
located outside of the Focal Monitoring Area. 

Suggested Approach to Sampling  

As wetlands vary in size and characteristics, the report recommended that “wetland units” of varying 
sizes be sampled, rather than a single “wetland”. To be considered a wetland unit, the wetland must 
be at least 3 ha, but no more than 5 ha in size. When a wetland unit occurs in the center of a large 
complex, the plot center should be moved shoreward such that some part of the wetland unit area 
intersects non-open water portions. 
 
The report recommended that leaseholders be responsible for monitoring the Focal Monitoring Area-
Mining (FMA-M) adjacent to their lease holdings, and that the sampling program for each lease 
holder include the following components: 

a) Regularly scheduled, repeated sampling of at least two spatially independent index wetland 
units whose data can be used for long-term trend analysis through comparison with 
measurements collected from an environmentally-matched series of reference (or sentinel) 
wetlands located in the RMA; 

b) Single-episode, broad-scale sampling of a series of stratified-randomly selected wetlands 
whose data can be combined to assess the local status of the FMA-M by comparison with 
measurements collected from an environmentally matched subset of samples located in the 
RMA. The number of points to be sampled annually will be a function of the inherent 
variability of the sample parameters to be measured and of the desired effect size. In the 
absence of other guidance, it was recommended that each lease-holder sample at least 
eight spatially-independent locations annually within their FMA-M. 

 
To assure spatial interspersion of sample locations, it was recommended that each leaseholder in 
the FMA-M be radially split into at least eight sections of approximately equal area (radii extending 
from a point in the centre of the lease area). A random point should be selected in each sampling 
period from each of the eight radial sections. The common wetland class falling closest to each point 
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(identity verified using high resolution imagery and subsequently by ground-truthing) should then be 
sampled on a regular basis. To maximize comparability and the accumulation of common data, an a 
priori rule could be developed so that the types of wetland selected represent one of the three or four 
most common classes in the FMA study region as identified by Ducks Unlimited (i.e., treed poor fen, 
treed rich fen, conifer swamp, treed bog). 
 
The organization whose responsibility it would be to monitoring the RMA was not defined in the 
report. Importantly, the regional wetland monitoring program itself must also develop a framework to 
ensure the coordinated stratified-random sampling of wetlands from within the Reference Monitoring 
Area based on the same methodology and analytical techniques as are employed by lease holders 
to assess the FMA-M. The number of reference sites sampled annually should be at least equal to 
the sum of focal monitoring area samples collected by all participating lease holders. 
 
The report recommended that trends in both environmental and biological response variables be 
monitored in multiple sentinel wetlands, and analyzed by time series analysis based on a replicated 
BACI (multiple-site Before-After Control-Impact) designs. Typically, this design requires a large 
dataset (40 or more sample points accumulated over a number of years to accommodate among-
year as well as spatial variation) to provide adequate definition to the range of natural variability and 
power to detect meaningful change. The report had broad recommendations regarding the 
variables/indicators to measure, including: 

 Sediment for a sediment quality series (basic sediment analysis, elemental analysis, 
TOC, metals, nutrients, organics) 

 Water for the analysis of water quality, nutrients, elements, and naphthenic acids 

 Deployment of a passive air sampling unit; alternatively, leaf samples could be taken for 
analysis of particulate deposition and elemental analysis 

 Basic hydrological measurements (point and passive sampling to match the seasonal air 
sampling protocols); 

 Survey of important environmental covariates (for matching to suitable reference sites); 

 Biological monitoring to the extent necessary, including: 

o Classification of the wetland vegetative type and community 

o Dominant moss community composition and condition; 

o Amphibian abundance and health; 

o Benthic Invertebrate sampling;  

o Other keystone taxa of leaseholder interest or stakeholder concern (e.g., birds). 
 
Finally, the report identified the following as key steps in developing a regional monitoring program: 

a) Consensus by all stakeholders on the use of standardized protocols and the list of variables 
that should be routinely measured. Where possible and suitable, existing protocols and 
datasets should be used to maximize the comparability of data with existing monitoring 
programs. 

b) Creation and maintenance of a comprehensive georeferenced database to facilitate data 
storage and sharing of monitoring information, especially for records collected from 
Reference Monitoring Areas. Data integration and sharing across program participants was 
identified as being crucial for the long-term success and maintenance of a regional wetland 
monitoring program. 
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Discussion 

The CEMA report includes a compilation of expert knowledge related to the development of a 
framework for the development a wetland monitoring program for the Oil Sands region. Based on 
stakeholder input, key objectives for a regional monitoring program were identified. In particular, 
stakeholders identified a need to develop a framework for monitoring outcomes related to industrial 
leaseholders requirements and obligations outlined in existing EPEA approvals. Importantly, this 
report identified that there is no standardized approach, scientifically rigorous criteria, or data 
available to evaluate if, and how, leaseholders are meeting their EPEA approval obligations. The 
monitoring program outlined in the CEMA report was designed to address these critical gaps, and 
included both industry and regulator participation in the development of recommendations for 
implementing a wetland monitoring program in the region.  
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3. Review of Existing Wetland Monitoring Programs 

3.1. Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring 
(AEMERA-JOSM) 

References: 

AEMERA-JOSM. 2012. Terrestrial biodiversity and habitat monitoring component: Background 
material. Provided by AEMERA-JOSM upon request. 

Bidwell, M. 2015. Monitoring movement patterns and habitat use of whooping cranes in the oil sands 
mining regions (Presentation). University of Alberta. 

Cruz-Martinez L, Fernie KJ, Soos C, Harner T, Getachew F, Smits JE. 2015. Detoxification, 
endocrine, and immune responses of tree swallow nestlings naturally exposed to air 
contaminants from the Alberta oil sands. Science of the Total Environment 502: 8-15. 

Environment Canada (EC). 2011. Integrated Monitoring Plan for the Oil Sands: Expanded 
Geographic Extent for Water Quality and Quantity, Aquatic Biodiversity and Effects, and Acid 
Sensitive Lake Component. The Government of Canada.  

Environment Canada (EC). 2011. Integrated Monitoring Plan for the Oil Sands: Terrestrial 
Biodiversity Component. The Government of Canada. 

Government of Canada and the Government of Alberta. 2012. Joint Canada-Alberta Implementation 
Plan for Oil Sands Monitoring. The Government of Canada and the Government of Alberta.   

Gibson JF, Shokralla S, Curry C, Baird DJ, Monk WA, King I, et al. (2015) Large-Scale Biomonitoring 
of Remote and Threatened Ecosystems via High-Throughput Sequencing. PLoS ONE 10(10): 
e0138432. doi:10.1371/journal.pone.013843. 

Hopke, P.K., A. Jenkins, D.H. Johnson, J. Klánová, C. Le, and G.J. Niemi. Assessing the Scientific 
Integrity of the Canada-Alberta Joint Oil Sands Monitoring (2012-2015) Expert Panel Review. 
Available: www.aemera.org. Accessed: March 2016. 

Mahon, C.L., G. Holloway, P. Solymos, G.C. Cumming, E.M. Bayne, F.K.A. Schmiegelow, and S.J. 
Song. 2016. Community structure and niche characteristic of upland and lowland western 
boreal birds at multiple spatial scale. Forest Ecology and Management 361:99-116. 

Office of the Auditor General Of Canada. 2014. Chapter 2: Environmental Monitoring of Oil Sands. 
In: Report of the Commissioner of the Environment and Sustainable Development – Fall 2014. 
Her Majesty the Queen of Right of Canada, represented by the Minister of Public Works and 
Government Services. Available: www.oag-bvg.gc.ca. Accessed: December 2015. 

Slattery, S. 2015. Waterfowl Monitoring in the Oil Sands Area (Presentation). University of Alberta. 

Websites: 

http://pademp.com 
http://jointoilsandsmonitoring.ca 
http://aemera.org 

Personal Communication: 

Bruce Pauli, National Wildlife Research Centre, Environment Canada, Ottawa, Ontario. Phone call 
on May 4, 2016 

Bruce Pauli, National Wildlife Research Centre, Environment Canada, Ottawa, Ontario. Email on 
May 30, 2016. 
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Canadian Rivers Institute, University of New Brunswick, Fredericton, NB. Phone call on 
December 22, 2015. 

Lisa Mahon, Wildlife Biologist, Canadian Wildlife Service, Pacific and Yukon Region-North. 
Whitehorse, Yukon Territory. Phone call on January 5, 2016. 

Monica Kohler, Regional Monitoring Coordinator, Alberta Biodiversity Monitoring Institute, Edmonton, 
Alberta. Multiple phone calls and emails in April and May, 2016. 
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Overview of AEMERA-JOSM 

The Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring (JOSM) program was 
initiated in 2012 following a Federal Oil Sands Advisory Panel review that identified key shortcoming 
in the existing monitoring activities for the Lower Athabasca Region. JOSM was initially conceived to 
span a period of three years, and was designed to provide an integrated monitoring program for the 
Lower Athabasca Region in the following four major component areas: 1) Air Quality; 2) Water; 3) 
Wildlife Contaminants and Toxicology, and; 4) Biodiversity and Habitat. The program was based on 
the core principles of being holistic, comprehensive, scientifically rigorous, adaptive, collaborative, 
and accessible.  
 
In April 2014, the Alberta government adopted the Protecting Alberta’s Environment Act, which 
created the Alberta Environmental Monitoring, Evaluation and Reporting Agency (AEMERA), which 
assumed provincial responsibility for JOSM. AEMERA adopted the same foundation as JOSM, and 
used the data collected by JOSM to as the basis for developing more focused research and 
monitoring programs. Many of the monitoring programs delivered through AEMERA-JOSM were 
done so through collaboration with multiple agencies and partners, including Environment and 
Climate Change Canada, Alberta Biodiversity Monitoring Institute, Ducks Unlimited Canada, 
University of Alberta, and Wood Buffalo Environment Association. In April 2016, the Alberta 
government announced that the responsibility for environmental monitoring, evaluation, and 
reporting would be transferred back to the government under Bill 18: An Act to Ensure Independent 
Environmental Monitoring, which will come into force on June 30, 2016. This new legislation 
establishes a new Chief Scientist position and requires the establishment of a Science Advisory 
Panel and Indigenous Wisdom Advisory Panel.  
 
The primary research and monitoring components of AEMERA-JOSM were organized into four 
distinct sub-program themes, with a number of focused research and monitoring programs within 
each of the individual subprograms. A list of the subprograms and the various wetland and wetland-
associated monitoring projects included under each theme is provided below. Note that this list is not 
meant to be an exhaustive inventory of all the various monitoring programs that were undertaken by 
AEMERA-JOSM; rather, this list includes only those projects that were in some way associated with 
wetland habitats or species and may be relevant to the development of a new wetland monitoring 
program. Several of the projects listed below were delivered by other agencies and are discussed 
separately in other sections of this report; in these cases, we have provided a reference to the 
relevant section of the report where more detailed information can be found.   
 
Subprogram 1: Integrated Monitoring for Water Quality, Quantity, and Aquatic Biodiversity 
and Effects  

 Integrated Water Quality and Aquatic Biodiversity Monitoring in Rivers 

 Acid Sensitive Lakes (see also Section 3.2) 

 Deltaic Ecosystem Health 

Subprogram 2: Wildlife Contaminants & Toxicology / Wildlife Health Monitoring 

 Assessing the Impact of Oil Sands Development on Aquatic Birds 

 Avian Health in the Oil Sands 

 Hunter/Trapper Harvested Wildlife Contaminants & Toxicology / Dead and Moribund Bird 
Contaminants and Toxicology 

 Wetland and Amphibian Health 

 Plant Health and Contaminants 

  



Wetland Field Monitoring Program Review for Northeastern Alberta 
 – FINAL – 

 
11 

Subprogram 3: Terrestrial Biodiversity – Habitat & Disturbance Monitoring 

 Core Biodiversity Monitoring (discussed further in Section 3.5) 

 Cause-Effects Monitoring – Biodiversity Response to Human Disturbance 

 Enhanced Vegetation Mapping 

 Status and Trend Monitoring of Listed, Rare, and Difficult-to-monitor Species 

 Cause-Effects Assessment of Oil Sands Activity on Migratory Landbirds 

 Waterfowl Monitoring 

 Monitoring of Whooping Cranes 

Subprogram 4: Air Quality Monitoring 

 Forest Health Monitoring (discussed further in Section 3.3) 

What follows is a more detailed description of the wetland-specific monitoring programs that were 
undertaken as part of AEMERA-JOSM. Given the breath of many of these programs, we have 
organized the overview of each monitoring program by major subprogram.  
 

Subprogram 1: Integrated Monitoring for Water Quality, Quantity, and Aquatic 
Biodiversity and Effects 

Goals, Objectives, and/or Specific Research Questions Addressed by the Program 

A key goal of this program was to understand the fate, distribution, transport, and effects of Oil 
Sands related contaminants over a large geographic extent. Specifically, the monitoring program 
aimed to assess the current environmental condition of the Lower Athabasca Region, understand the 
relationship between system drivers and environmental responses, and assess regional cumulative 
effects. The program was designed to distinguish between, and measure, environmental change 
resulting from natural processes and Oil Sands related industrial activities at both local and regional 
scales. In addition, the monitoring framework was designed to be flexible, with the use of decision 
triggers that could lead to an increase in monitoring, as deemed necessary, to understand 
ecosystem status and trends. Key objectives of this subprogram were to: 

 Improve the description of the current and baseline conditions for aquatic ecosystem 
processes; 

 Assess changes in aquatic and terrestrial ecosystem condition and trends; 

 Investigate Oil Sand development impacts, combined with local and regional impact 
assessments; 

 Provide support and feedback for modeling, management, and policy development in the 
region. 

The primary delivery agent for this subprogram was Environment and Climate Change Canada in 
collaboration with the Water Survey of Canada. The subprogram included the following major 
monitoring components: 

1. Integrated Water Quality and Aquatic Biodiversity Monitoring (Fish and Benthic Macro-
Invertebrates) in Rivers: This component monitored water quality and aquatic biodiversity in 

order to quantify and assess contaminants and biodiversity health in the Athabasca River 
system, as well as downstream in the Peace-Athabasca Delta, Lake Athabasca, Peace River, 
and the Slave River Delta. To date, this program monitored benthic invertebrates at 10 stations 
on the mainstem of the Athabasca River, with the aim of understanding the effects of Oil 
Sands development on the environmental and ecological integrity on the river system. 
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Baseline information on fish populations and communities was also collected on the mainstem 
and major tributaries of Athabasca River to establish linkages between fish health and Oil 
Sands development in downstream receiving watersheds.  

2. Acid Sensitive Lakes: Monitoring of acid sensitive lakes in the Oil Sands region has been 

conducted by the Regional Aquatics Monitoring Program (RAMP) since 1999 (see Section 3.2 
for more detail about the RAMP program). In 2011, AEMERA-JOSM implemented additional 
sampling to assess the linkages between atmospheric deposition and impacts on water quality 
beyond the set of lakes monitored by RAMP. As of April 1, 2014, the responsibility for all 
monitoring of acid sensitive lakes was transferred to AEMERA, and all of the 50 lakes 
previously included in the RAMP program were integrated into this program. 

3. Deltaic Ecosystem Health: This monitoring component focused on wetland systems, with the 

goal of assessing the status and health of deltaic wetland ecosystems in the Peace-Athabasca 
Delta (PAD), including the Birch River Delta (BRD) and rivers/wetlands in the Slave River 
Drainage (SRD). The program was based on interpretation of ecological change associated 
with ongoing oil sands mining activities within the region using hydro-climatic, food-webs, 
remote sensing, eco-genomics, and metrics-based diagnostic techniques. A focus of the 
program was to separate stressor effects causing ecological and hydrological change. A major 
focus of this program was the development of new methodologies for sampling and assessing 
biodiversity within deltaic ecosystems across a hydrologically diverse range of wetland types 
(D. Baird, pers. comm). This included the development of rapid assessment methods for 
sampling macro-invertebrates in a wide range of wetland types for the Canadian Aquatic 
Biomonitoring Information Network (CABIN). A draft manual outlining the macro-invertebrate 
rapid assessment methods has been prepared, and should be publically available in 2016. In 
addition, this component has been developing techniques to assess biodiversity through 
invertebrate a DNA sequencing analysis called Biomonitoring 2.0 (Gibson et al. 2015). The 
goals of this research are to identify and quantify species richness (biodiversity) at a site using 
genetic material gathered from pitfall trapping, soil, water, and benthic sampling. This project 
utilizes DNA barcoding to identify individual species from only a short segment of DNA. This 
research has found that the DNA sequencing approach can calculate invertebrate taxonomic 
richness and abundance metrics with a higher level of taxonomic resolution, compared with 
traditional morphological identification of macro-invertebrates by experts (Gibson et al. 2015). 
Importantly, this DNA sequence technique is lower cost than traditional identification methods 
for macro-invertebrates. 

 

Geographic Extent  

This AEMERA-JOSM subprogram covered the Oil Sands region, as well as extended beyond the 
region to include watersheds downstream of the Oil Sands. Monitoring locations included the 
Athabasca Basin and smaller tributaries of the Athabasca, the Peace Athabasca Delta, Lake 
Athabasca, the Peace River west of Wood Buffalo National Park, and sections of the Slave River. 
The Deltaic Ecosystem Health component also sampled locations in the Birch River Delta (BRD), as 
well as rivers and wetlands in the Slave River Drainage (SRD) in the Northwest Territories. This 
increased geographic scope provided an improved characterization of emissions, atmospheric 
transformation, and concentration and deposition of pollutants in Alberta, Saskatchewan, and the 
Northwest Territories. 
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Overview of the Study Design 

a. Approach to sampling 

Integrated Water Quality and Aquatic Biodiversity Component 
The water quality and aquatic biodiversity component was focused on rivers, and specifically, the 
lower reaches of the Athabasca River and its tributaries. Sampling included water and sediment 
quality parameters, and macro-benthic invertebrates. Monitoring sites were placed strategically 
throughout the study area, which provided an opportunity to establish baseline conditions prior to 
development and accumulated state afterward, based on a Before/After-Control/Impact (BACI) 
approach. As many of the sites sampled for water quality do not have long-term continuous 
monitoring data, the program initially implemented intensive monitoring with biweekly to monthly 
sampling of water quality, hydrometric measures, suspended sediments and bottom sediments. This 
high frequency of sampling will generate sufficient data to assess the current status of water quality 
and will allow for an increased understanding of the range of variability across monitoring sites, 
leading to improved statistical rigour. This approach is particularly important for reference sites that 
are not currently affected by development, but may be impacted by Oil Sands activities in the future. 
This program also included a trigger and decision framework. Following any assessment of changes 
in water quality and aquatic biodiversity, a response framework provided direction for subsequent 
monitoring responses. The severity of the impact assessment either triggered additional research to 
validate the impact results, or triggered an increase in the spatial and/or temporal monitoring to 
better define the extent and magnitude of the environmental change. 

Acid-sensitive Lake Component 
The monitoring design for acid sensitive lakes integrated multiple temporal and spatial scales of 
sampling, and was comprised of a multi-level stratified sampling hierarchy, as follows: 

 Level 1: Statistically based (stratified random) regional surveys of hundreds of lakes. 

 Level 2: Within a defined region, 40 to 60 lakes were selected to monitor changes in 
acidification status over time. 

 Level 3: Two to three sites were selected for intensive, mass budget monitoring and 
research. The focus of this level was on lakes located downwind of most of the Oil 
Sands atmospheric emissions. 

The hierarchical design provided an assessment of Oil Sands impacts on lakes at the regional scale, 
combined with effects-based monitoring that could detect impacts at smaller spatial scales. Lakes 
identified within Level 1 were monitored every five to 10 years to detect gross regional changes. 
Level 2 lakes were sampled either annually or bi-annually, or with higher sampling frequency 
(seasonal to bi-monthly). Level 3 lakes were sampled with a frequency sufficient to fully quantify 
natural variability and to develop process-based ecosystem impacts models. 

Deltaic Ecosystem Health Component 
The deltaic ecosystem health component employed targeted sampling across a range of wetland 
types to address questions related to hydrology and biodiversity status, and to inform the 
development of a rapid-assessment biomonitoring method for deltaic systems. 

b. Number and type of wetland sites being monitored 

Integrated Water Quality and Aquatic Biodiversity Component 
Lotic habitats are the focus of the Integrated Water Quality and Aquatic Biodiversity Component, and 
as a result, wetlands were not sampled as part of this component.  

Acid-sensitive Lake Component 
The Acid Sensitive Lake program has monitored 933 lakes located in Saskatchewan, Alberta, and 
the Northwest Territories to establish current acidification status between 2009 and 2014. Within 



Wetland Field Monitoring Program Review for Northeastern Alberta 
 – FINAL – 

 
14 

Alberta, 255 lakes have been sampled, 210 of which are located within or adjacent to the Oil Sands 
region. The majority of these lakes range in size between 1 and 100 hectares, and some of these 
lakes may meet the definition of an open water wetland under the Alberta Wetland Classification 
System. 

Deltaic Ecosystem Health Component 
The Deltaic Ecosystem Health component has sampled water quality and benthic invertebrates in 
wetlands in the PAD and in the SRD near Fort Smith. The number of sites sampled has increased 
between 2011 and 2014, with 25 wetland sites sampled in the PAD as of 2014.  By 2015, 40 wetland 
complexes had been sampled throughout the study area, which includes the PAD, BRD, and SRD 
(D. Baird pers. comm). Areas sampled include Lake Claire, Mamawi Lake, and Lake Athabasca 
within the Peace-Athabasca Delta. This program includes a diverse sample of wetland types, such 
as wet meadows, perched basins, and riverine wetlands (D. Baird pers. comm), and also includes 
wetlands with multiple types of hydrological connectivity (e.g., closed drainage, restricted drainage, 
open drainage, and shallow rainfall). 

c. Frequency of sampling 

Integrated Water Quality and Aquatic Biodiversity Component 
On the mainstem of the Athabasca River, water quality has been collected on a biweekly to monthly 
basis at eight key sites. Benthic invertebrates have been sampled annually at 10 stations on the 
Athabasca River, with future plans to sample 17 sites on the Athabasca mainstem every three years. 
Sampling has also been conducted on five major tributaries of the Athabasca River, which includes 
24 river reaches.  

Acid Sensitive Lakes 
All 933 lakes included in this program have been sampled once. Since 2012, a subset of 51 lakes 
has been sampled twice annually to identify cause and effects of chemical changes that were 
detected as part of the monitoring program. 

Deltaic Ecosystem Health 
Between 2011 and 2015, wetland sites included in this program have been sampled annually for 
water quality and benthic invertebrates. The number of sites sampled has increased every year since 
the program was initiated in 2011. Planned future monitoring includes continued water quality 
sampling at 40 wetlands either on an annual basis or on a 3-year rotation. 

d. Duration of sampling (e.g., program start and end dates) 
The integrated monitoring plan for the Oil Sands began in 2011, and has continued annually since 
program inception. For the deltaic ecosystem health component, hydrological and water quality 
samples at some locations in the PAD have been manually collected since 1989. Automated stations 
were added in 2012, which allows for continuous monitoring of simple water quality variables and 
weather information. Benthic invertebrates in the PAD have also been sampled annually since 2010. 
The benthic invertebrate monitoring program is on-going, with plans to expand further north into the 
Slave River delta (D. Baird pers. comm). 
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Environmental, Biological, and Human Disturbance Variables   

Integrated Water Quality and Aquatic Biodiversity Component 

Site Condition or Physical and Chemical Variables: 

 Basic water chemistry (colour, pH, total conductance, major ions, alkalinity, bicarbonate) 

 Surface water nutrient concentrations, dissolved and particulate organic carbon  

 Total and dissolved surface water metal concentrations for 34 metal, organic contaminants 
(e.g. naphthenic acids), and target polycyclic aromatic hydrocarbons  

 Stream flow and discharge, including water levels, temperature, total suspended sediments, 
turbidity, sediment particle size distribution, % organic content 

Biological Variables:  

 Benthic macro-invertebrate communities (using standard river bottom and artificial substrate 
methods) 

 Fish communities along the Athabasca River are also being monitored, where species, 
length, weight, age, abnormalities, abundance are assessed for each individual sampled  

Acid-sensitive Lakes Component 

This program sampled detailed water chemistry variables within lakes considered acid sensitive, 
almost always due to naturally low calcium and magnesium (or "base cation") concentrations. 

Site Condition or Physical and Chemical Variables: 

 Lake area 

 Basic water chemistry  

 Nutrient concentrations including calcium, magnesium, sodium, potassium, ammonia, and 
sulfate and nitrates 

 Concentration of 49 metals, including aluminum, iron, mercury 

Deltaic Ecosystem Health Component 

This program was built on previous research conducted in the Peace-Athabasca Delta since the 
North River Basin Study Program. Water quality information has been collected since 1989 along the 
Athabasca and Peace Rivers in the delta. Since 2010, the program has sampled an integrated set of 
stressors and response variables. Wetland macro-invertebrates are collected through benthic 
sampling, water sampling, pitfall traps and soil sampling in the early and late summer using triplicate 
sweep net samples, in addition to a broad suite of water quality measures.  

Site Condition or Physical and Chemical Variables: 

 Basic water chemistry (pH, temperature, conductivity, turbidity, nutrient levels and dissolved 
oxygen) 

 Water quality measures for nutrients, organics, major ions, 41 metals (particularly mercury), 
and other targeted contaminants 

 Stable isotopes 

 Creation of a detailed high resolution Digital Elevation Model for the Peace-Athabasca Delta 
using fine scale LiDAR data (D. Baird, pers. comm). 
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Biological Variables:  

 Analysis of macro-invertebrates for heavy metals and other contaminants  

 Collection of frogs and insects through pitfall trapping for contaminant analysis 

 Taxonomic richness and abundance metrics to characteristic the benthic invertebrate 
community through both traditional morphological identification and through DNA barcoding 
techniques 

 

Subprogram 2 - Wildlife Contaminants & Toxicology / Wildlife Health Monitoring 

Goals, Objectives, and/or Specific Research Questions Addressed by the Program 

The Wildlife Contaminants and Toxicology / Wildlife Health Monitoring component focused on 
assessing the potential impacts of Oil Sands contaminants on wildlife. The monitoring program 
assessed the health of sensitive wildlife species that may be exposed to Oil Sands-related 
contaminants, and identified a variety of wildlife indicators that are most suitable for monitoring 
contaminant exposure and effects. Ultimately, the program aims to identify which taxonomic group 
and sampling approaches are most effective for monitoring contaminants in the Oil Sands region (B. 
Pauli, pers. comm). To date, five distinct projects have been carried out under this subprogram with 
Environment and Climate Change Canada as the lead agency. These programs include: 

1. Assessing the Impact of Oil Sands Development on Aquatic Birds: This project was 

designed to monitor contamination and contaminant effects in colonial waterbirds exposed to 
Oil Sands activities, relative to those found in reference lake sites. Eggs of colonial waterbirds 
were collected and the egg tissues were analyzed for contaminants specifically associated with 
Oil Sands development, including metals (particularly mercury and arsenic) and polycyclic 
aromatic hydrocarbons, as well as analyses of various isotopes as surrogate measures for the 
species trophic position and food web structure. Colonial waterbird eggs of five species 
(California Gull, Herring Gull, Ring-billed Gull, Common Tern, Caspian Tern) were collected 
from colonies at various locations from southern Alberta and southern Saskatchewan to Great 
Slave Lake; with a focus on collections of eggs of Ring‐billed Gulls (Larus delawarensis) and 
Common Terns (Sterna hirundo) at downstream sites (Mamawai Lake in Wood Buffalo 
National Park and at Egg Island in western Lake Athabasca). Given the focus of this program 
on lake habitats, it is not discuss further in this report. 

2. Avian Health in the Oil Sands: In this project, tree swallows were studied as a sentinel 
species to examine the potential impacts of air-borne contaminant exposure on avian wildlife in 
the Oil Sands development area. Tree swallow nest box “clusters” were established at sites 
near and removed from surface mining activities and nestlings were studied to assess the 
physiological and endocrinological impacts of PAHs exposure during the nesting period. Air 
measurements of PAHs were simultaneously made to corroborate the exposure assessments 
made with the nestlings. 

3. Dead and Moribund Bird Contaminants and Wildlife: This program provided data on 

contaminants contained in dead and moribund waterfowl collected from tailing ponds in the Oil 
Sands region near Fort McMurray. The carcasses were tested for industrial‐related 

contaminants, including heavy metals, polycyclic aromatic hydrocarbons, and naphthenic 
acids. Given the focus on tailings ponds, we do not provide further details on this monitoring 
program. 

4. Hunter/Trapper Harvested Wildlife Contaminants & Toxicology / Dead & Moribund Bird 
Contaminants and Toxicology: The goal of this monitoring initiative was to assess Oil 

Sands-related contaminants in wildlife samples provided annually by local hunters and 
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trappers. This study collected and analyzed wildlife tissues and organs (e.g., liver, gall bladder, 
and kidneys) from semi-aquatic mammals and other terrestrial carnivores. These samples 
were collected by trappers and hunters and were submitted to Environment and Climate 
Change Canada ecotoxicologists for toxicological analyses. As part of this project, the Dead 
and Moribund Bird Contaminants and Wildlife project under JOSM provided data on 
contaminants contained in dead and moribund waterfowl collected from tailing ponds in the Oil 
Sands region near Fort McMurray. The carcasses were tested for industrial‐related 

contaminants, including heavy metals, polycyclic aromatic hydrocarbons, and naphthenic 
acids. 

5. Wetland and Amphibian Health: The goal of this program was to evaluate the health of 
individual wild amphibians and their populations, along with assessments of the health of the 
frogs’ wetland habitats, close to and at varying distances from Oil Sands operations. The 
objective of the study was to determine whether measures made using wood frogs (Lithobates 
sylvaticus) or their wetland habitats in the region exhibit a relationship between proximity to Oil 
Sands activities and measures of various endpoints of exposure and effects. Measures made 
included: prevalence of infectious diseases (ranaviruses and chytrid fungus); malformation 
rates; endocrine and stress responses; and concentrations of heavy metals, various elements, 
naphthenic acids, and polycyclic aromatic hydrocarbons. The study also included research into 
semipermeable membrane devices to sample water quality as a substitute for wood frog 
collection. 

6. Plant Health and Contaminants: The goals of this program were to identify the effects of Oil 
Sands contaminants on native wetland plant species, and understand the uptake and 
translocation of contaminants from the soil to roots and shoots. This program aimed to identify 
sentinel plant species that could be used in long-term contaminant monitoring of wetlands, and 
determine the health of wetland plant communities in the Oil Sands region near Fort McMurray 
and Fort Chipewyan. The sampling focused on the aquatic, riparian, and uplands zones 
associated with each wetland, and stratified wetland sites based on their distance from the 
main oil sands region between Fort McMurray and Fort MacKay 

 

Geographic Extent  

Sampling locations for this subprogram were located upstream and downstream of Fort McMurray, at 
various distances from Oil Sands operations, and included sampling locations in the Lac La-Biche, 
Peace-Athabasca Delta, in the Birch Mountains, as well as near Fort Smith and Fort Resolution in 
the Northwest Territories. The colonial waterbirds sampling program and the hunter-trapper 
harvested wildlife program both have extensive coverage across the province. 
 

Overview of the Study Design 

a. Approach to sampling 

Avian Health in the Oil Sands 
In 2012, tree swallow nest box “clusters” were erected at two sites located near (≤5 km) and one site 
removed (≥60 km) from active surface mining activities. In total, 78 boxes were established near oil 
sands activities and 30 boxes were established at the reference site. Nestlings of adult tree swallows 
that occupied the nest boxes were studied to assess physiological and endocrinological changes 
(mainly thyroid gland and thyroid hormones) that may have occurred over the nesting period. 
Passive air monitors were deployed at the nest boxes to measure nitrogen dioxide, sulfur dioxide, 
ozone, volatile organic compounds, and polycyclic aromatic hydrocarbons. Water samples were also 
taken at each site and analyzed for nutrients, trace metals, and VOCs. In 2013, tree swallow nest 
box clusters were located on Shell Canada project sites, near Syncrude and Suncor upgraders, as 
well as at reference sites approximately 30 km south of Fort McMurray. 
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Hunter/Trapper Harvested Wildlife Contaminants & Toxicology 
This program collected the carcasses of targeted semi-aquatic species (river otter, mink, and 
muskrat) and other species (e.g. fisher and marten) from hunters and trappers in the Oil Sands 
region. Participation in the program was voluntary, with a focus on areas with active trap lines in the 
surface mineable area. This program was partially a citizen science based program, and provided 
training to participants to ensure standardized collection of samples. 

Wetland and Amphibian Health 
This study employed targeted sampling at open water wetlands that are known to provide suitable 
breeding habitat for wood frogs. Sampling sites were located upstream and downstream of the major 
Oil Sands operations; reference sites were located in the Northwest Territories.  

Plant Health and Contaminants 
Targeted sampling was employed based on distance categories to the main Oil Sand operations, the 
location of the sites in relation to the dominant winds, and patterns of air-borne deposition. 

b. Number and type of wetland sites being monitored 

Avian Health in the Oil Sands 
In 2012, nests boxes were established within 5 to 10 meters of the shoreline of three water bodies, 
two of which were located on active industrial sites, and one located at a reference site. One of the 
industrial sites included an artificial lake constructed in 2009, while the second industrial site included 
a water body located on lands reclaimed in the early 1980s. Neither water body received water or 
materials from directly industrial operations. The reference site included a water body located on 
public land. In 2013, nest boxes were located adjacent to stacks and upgraders, as well as at a 
reference site. The wetlands sampled were primarily small, open water wetlands, while some of the 
nest box clusters were located beside larger “lakes” (e.g. Ruth Lake near Syncrude).  

Hunter/Trapper Harvested Wildlife Contaminants & Toxicology 
This program is not monitoring wetlands directly, but may provide a regional snapshot of the 
contaminant cycling within regional aquatic systems. Given the sampling technique (collection of 
carcasses on trap lines), and due to the relatively large home ranges of the targeted semi-aquatic 
mammals species, this information must be interpreted at larger spatial scales. At present, 55 trap 
lines are being sampled, covering approximately 175 wetlands of all classes. 

Wetlands and Amphibian Health 
A total of 65 wetlands were assessed during reconnaissance visits in 2011, 2012 and early 2013. 
Among those wetlands that were identified as having suitable wood frog populations, study sites 
were selected at different distances and directions from major Oil Sands mining activities. Where 
possible, wetlands that had concurrent studies on atmospheric deposition of contaminants and/or 
other wetland characteristics were selected. A total of 21 wetlands were chosen for inclusion in this 
study, and 13 wetlands were ultimately included for intensive monitoring; this number was reduced to 
9 in some years due to logistical or other issues. The 21 wetlands included in the study were visited 
during the wood frog breeding season (i.e., in the spring) between 2011 and 2015. 

Plant Health and Contaminants 
Sampling for this project was focused open water wetlands that have three distinct wetland zones: 
aquatic, riparian, and upland. Sites were selected in three regions within a study area surrounding 
Fort McMurray. Monitoring sites were prioritized according to their distance to main oil sands 
industrial activities, their latitude and longitude, and their position with respect to dominant winds. In 
total, 22 sites (12 in 2013 and 10 in 2014) were surveyed: 7 sites (all road access) were situated in 
close proximity to Oil Sands operations (13.1 ± 4.4 km from an upgrader), 7 sites (all helicopter 
access) were selected to the west of Fort McMurray (53.4 ± 9.4 km from an upgrader), and an 
additional 8 sites (all helicopter access) were selected east of Fort McMurray (42.2 ± 4.5 km from an 
upgrader). At wetlands, plant specimens of targeted species were collected, in addition to soil and 
seed bank samples. 
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c. Frequency of sampling 

Avian Health in the Oil Sands 
Nest boxes were monitored in 2012 for reproductive activity (clutch initiation, clutch size, and 
incubation start) and after nests were initiated they were left undisturbed until anticipated hatch date 
(12–14 days of incubation), at which point they were monitored daily to determine hatching date (day 
0). Over the next 14 days, nests were visited at various times to collect information a variety of 
biological data from the nestlings.  

Hunter/Trapper Harvested Wildlife Contaminants and Toxicology 
Carcasses are collected annually at all participating traps lines. 

Wetlands and Amphibian Health 
Many of the 21 ponds have been sampled annually, with increased sampling effort occurring 
between 2012 and 2015. 

Plant Health and Contaminants 
Samples were collected between 2013 and 2014, with laboratory analysis occurring in 2015. 

d. Duration of sampling (e.g., program start and end dates) 

Avian Health in the Oil Sands 
The nest boxes were established by researchers from the University of Calgary in 2012, and were 
monitored by personnel from the University and Environment and Climate Change Canada in 2013 
and 2014.  

Hunter/Trapper Harvested Wildlife Contaminants and Toxicology 
Carcasses have been collected from 2011 to 2015 at all participating traps lines. 

Wetlands and Amphibian Health 
Baseline samples were collected in 2009 and 2010, and sampling has been ongoing since 2011, 
with plans for this monitoring program to continue into the future.  

Plant Health and Contaminants 
Wetlands reconnaissance was completed in 2012, with focused sampling occurring in 2013 and 
2014. No field works was conducted in 2015 in order to focus resources on laboratory analysis of 
vegetation and soil samples. The study is now complete. 
 

Environmental, Biological, and Human Disturbance Variables 

Avian Health in the Oil Sands 

Site Condition or Physical and Chemical Variables 

 Water sampling, including trace metals, alkalinity, pH, conductivity, hardness, nitrates, total 
dissolved solids, and VOCs 

 Passive air monitoring, including concentration of VOCs, NO2, SO2, O3, PAHs, alkylated 
PAHs, and dibenzothiophenes 

Biological Variables 

 Reproductive performance, including clutch initiation, clutch size, incubation start, hatching 
date, hatching success, brood size, fledgling success, and nest success 

 Body condition, including body mass and wing chord diameter 

 Hematocrit and estimated total protein from while blood 

 Relative organ mass 
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 Detoxification enzymes in liver and feather pulp  

 Feather corticosterone 

 Immune system response, including T cell function 

Hunter/Trapper Harvested Wildlife Contaminants & Toxicology 

Site Condition or Physical and Chemical Variables 

 GPS location for animal collection 

 Sediment samples from wetlands with trap lines, for sediment core dating and contaminants 
profiling 

 Photograph of the collection site 

Biological Variables 

 Contaminant analysis of livers, gall bladders, and kidneys for PAHs and 35 heavy metals 

 Biomarker endpoints, including thyroid hormone functions, and enzymatic activity  

 Genetic analyses has been completed on river otter samples 

Wetland and Amphibian Health  

Site Condition or Physical and Chemical Variables 

 Water samples for water quality analysis, including basic water chemistry variables, 26 
metals and murcury, naphthenic acids, and polycyclic aromatic hydrocarbons 

 Sediment cores to determine historical contaminant levels 

Biological Variables 

 Wood frog tadpoles, recent meta-morphs, and adults are examined for physical 
malformations and stress responses, and for individual animal “health” including taking 
samples for disease assessment  

 A small number of frogs of each life stage, with a focus on tadpoles, are collected for whole 
body sampling, which includes an assessment of while body contaminant burdens and 
stress hormones  

 Various aspects of amphibian population health, including: population size & age distribution 

Plant Health and Contaminants 

Site Condition or Physical and Chemical Variables 

 Soil samples analyzed for naphthenic acids, PAHs, and greenhouse phytotoxicity 

 Soil samples anlaysed for soil cationic exchange capacity (CEC), soil organic matter (%OM), 
pH, ammonium (NH4) and nitrate (NO3) and plant available phosphorus (P) 

Biological Variables 

 Vascular plant specimens of targeted species (Carex, Salix, Calamagrostis, Rubus, Picea, 
Vaccinium, and Ledum) sequenced for DNA 

 Soil and voucher specimens of vascular plants analyzed for PAHs and 35 heavy metals  
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Subprogram 3 - Terrestrial Biodiversity Monitoring – Habitat and Disturbance 
Monitoring 

Goals, Objectives, and/or Specific Research Questions Addressed by the Program 

The focus of this subprogram was “to understand how and why biodiversity and habitats are 
changing in oil sands areas, to understand the impact of habitat disturbance from oil sands activity, 
and to make that information publicly available and relevant to land use planning, wildlife and natural 
resource management, conservation efforts, regulatory decisions and to end users.” (AEMERA-
JOSM 2012). This subprogram encompassed all aspects of biodiversity within all habitat types 
present in the region, and included status and trends monitoring of habitat, human footprint, and 
species, as well as effects assessment. The major monitoring components in this subprogram 
included:  

1. Core Biodiversity Monitoring: This component is led by the Alberta Biodiversity Monitoring 
Institute (ABMI) and is discussed in more detail in Section 3.5. 

2. Cause-Effects Monitoring - Biodiversity Response to Human Disturbance: This 
component is led by the Alberta Biodiversity Monitoring Institute and is discussed in more 
detail in Section 3.5. 

3. Enhanced Vegetation Mapping: The work is being led by the ABMI and the objective is to 
develop and test new methods for mapping detailed vegetation and wetland characteristics 
in the Oil Sands region based on satellite imagery.  Given that this is a remote sensing 
project, this program will not be discussed further in this report.  

4. Status and Trend Monitoring of Listed, Rare, and Difficult-to-monitor Species: This 
component built on previous landbird monitoring activity to develop a long-term monitoring 
program capable of tracking changes in status and trend of rare and/or at-risk migratory bird 
populations with the desired level of precision. The program aimed to assess the status of 
landbirds across the Oil Sands region and identify key habitat associations, in addition to 
improving scientific knowledge on the long-term responses of cumulative effects of oil sands 
activity on landbirds. The lead agency on this subprogram was Environment and Climate 
Change Canada. 

5. Cause Effects Assessment of Oil Sands Activity on Migratory Landbirds: This project 
examined the impacts of Stream-Assisted Gravity Drainage (SADG) extraction activities on 
boreal bird populations in lowland ecosystems. Specifically, the study assessed bird 
response across a gradient of SAGD disturbance features and intensities, and collected 
detailed habitat use and fitness measures (pairing success, reproductive output) to assess 
consequences of SAGD activity on focal lowland boreal birds species. The lead agency for 
this project was Environment and Climate Change Canada. 

6. Waterfowl Monitoring: This program aimed to significantly improve waterfowl monitoring 
and management in the Oil Sands region, as well as fill key data gaps limiting robust 
abundance and productivity of waterfowl. The specific goals of this work were to better 
understand Oil Sand specific stressors on waterfowl, as well as identify areas where 
breeding waterfowl populations may be most vulnerable to development. The lead agencies 
for this program were Ducks Unlimited Canada and Environment and Climate Change 
Canada. 

7. Monitoring of Whooping Cranes: This program aimed to improve scientific understanding 
the of the risk and potential impacts of oil sands mining and development activities on 
whooping cranes, particularly during migration. The results of this program have been used 
by various groups and agencies (e.g., governments, Aboriginal Peoples, industry, and 
NGOs) to assess and mitigate risk to whooping cranes. Environment and Climate Change 
Canada was the lead agency for this program.  
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Geographic Extent  

This subprogram covered the minable Oil Sand region (including the Peace, Cold Lake, and 
Athabasca Oil Sands deposits), the Regional Municipality of Wood Buffalo, Wood Buffalo National 
Park, and the Peace-Athabasca Delta. 
 

Overview of the Study Design 

a. Approach to sampling  

Status and Trend Monitoring of Listed, Rare, and Difficult-to-monitor Species 
This program conducted targeted sampling for land bird species in the Oil Sands region between 
2011 and 2014. The program identified 41 representative habitat types, which included multiple 
upland forest types, shrublands, shrub and tree dominated bogs, shrub and tree dominated fens, 
swamps, and marshes. Sampling was conducted across all 41 habitat types; however, higher 
sampling intensity occurred in rare, uncommon, and under-represented habitat types. In 2014, the 
program focused on sampling boreal bird species across a gradient of disturbance (low to very high) 
within the Athabasca Oil Sands to understand how birds respond to disturbance at a regional scale. 
Human disturbance and habitat landscape mapping has been conducted for all point count locations 
at multiple spatial scales. This mapping quantified the amount of each habitat type, and all 
disturbances with 150 m and 2,500 m radius circular buffers surrounding each point count. 

Cause-Effects Assessment of Oil Sands Activity on Migratory Landbirds 
This study examined fine-scale habitat-use and behaviours by lowland boreal birds species, 
particularly Palm Warblers and Dark-eyed Juncos, within a SAGD lease. In 2014, nine 500m x 500m 
(25 hectare) grids were established and spot mapping of all resident birds was completed. An 
additional grid was established in 2015 for a total of 10 grids. The study area was dominated by 
lowland black spruce bog, and all 10 grids were established in this habitat type. In addition, 284 point 
counts were conduct within the larger lease area to collect information on bird distribution at a larger 
scale. 

Waterfowl Monitoring 
This project utilized a 2.5 x 2.5 km grid within and near the Athabasca and Peace River Oil Sands 
region to assess changes in waterfowl pair abundance and productivity across a gradient of linear 
disturbance (None, Low, Medium, or High). Aerial surveys were conducted within each grid, and all 
waterfowl and waterbirds visible on open water bodies (i.e., lakes and wetlands) were recorded. The 
aerial surveys used a double observer methodology to reduce detection errors, supplemented with 
GIS and aerial photo data. This approach allowed for landscape- and wetland-level analyses of the 
cause and effect relationships of industrial footprint on waterfowl populations.  

Monitoring of Whooping Cranes 
This program was focused on whooping cranes, which are an endangered species in Canada. This 
species migrates through the Oil Sand region during the spring and fall, and this program aimed to 
monitor crane behaviour during migration, as well as collect information on late season productivity 
(juvenile survival) of marked adults. Whooping cranes have been fitted with satellite collars, and are 
tracked through satellite telemetry to reveal migration patterns, locations of migratory corridors and 
stopover habitats, migration timing, and habitat use during migration. To date, 71 adults and 
juveniles have been fitted with backpack transmitters. 
  



Wetland Field Monitoring Program Review for Northeastern Alberta 
 – FINAL – 

 
23 

b. Number and type of wetland sites being monitored 

Status and Trend Monitoring of Listed, Rare, and Difficult-to-monitor Species 
Over 6,800 point counts have been sampled by Environment Canada across the Oil Sands region 
between 2011 and 2014 (L. Mahon, pers. comm.). This sampling included ~950 point count in 
wetland habitat types, including shrub dominated bogs and fens, tree dominated bogs and fens, 
swamps, and marshes. 

Cause Effects Assessment of Oil Sands Activity on Migratory Landbirds 
This study was focused on lowland habitats, with the majority of the study area comprised of bog and 
fen habitats. 

Waterfowl Monitoring 
A total of 251 grids with 3,461 open water wetlands have been surveyed across the Oil Sands 
region.  

Monitoring of Whooping Cranes 
This monitoring does not target specific wetland sites; rather, this study provides insights into the 
general patterns of habitat use (including a range of wetland types wetlands) by collared birds across 
the Oil Sands region. 

c. Frequency of sampling 

Status and Trend Monitoring of Listed, Rare, and Difficult-to-monitor Species 
All point count locations have been sampled once, with no current plans for resampling. 

Cause Effects Assessment of Oil Sands Activity on Migratory Landbirds 
The 25-hectare grids were sampled in 2014 and 2015 for detailed bird behavior and habitat use. 

Waterfowl Monitoring 
Grids are sampled four times annually between May and August, at one-month intervals. In any 
given year, 25% of the sample grids are revisited an additional four times. 

Monitoring of Whooping Cranes 
GPS locations for individual birds are uploaded 4 to 5 times within a 24 hours period, for as long as 
the transmitter remains on the bird. 

d. Duration of sampling (e.g., program start and end dates) 

Status and Trend Monitoring of Listed, Rare, and Difficult-to-monitor Species 
Field sampling for this program extended between 2011 and 2015, and the program has received 
funding for 2016. 

Cause Effects Assessment of Oil Sands Activity on Migratory Landbirds 
This was a short-term study conducted in 2014 and 2015 to examine the impact of SAGD exploration 
and extraction on lowland boreal birds. 

Waterfowl Monitoring 
Aerial surveys for waterfowl within 2.5 km x 2.5 km grids fowl have only been conducted between 
2013 and 2015, with the intent to continue monitoring through 2017.  

Monitoring of Whooping Cranes 
Research on whooping cranes with satellite transmitter began in 2009 and is on-going as long as 
satellite transmitters remain active and attached to the birds. 
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Environmental, Biological, and Human Disturbance Variables   

Status and Trend Monitoring of Listed, Rare, and Difficult-to-monitor Species  

Site Condition or Physical and Chemical Variables: 

 Detailed ecosite at the center of the point count 

 Environmental conditions including temperature, wind speed, and precipitation 

Biological Variables:  

 Point count surveys documenting all detected landbirds across multiple time-detection 
intervals, and if birds were directly observed, the age (adult or juvenile) and any associated 
behavioural information was collected  

 Vegetation assessment including canopy closure, canopy height, dominant tree species in 
the canopy, shrub density and dominant shrub species, and quantitation of ground cover 
habitat 

Human Disturbance Variables: 

 Area of forest harvested with the last 20 years 

 Area of linear disturbances 

 Area of oil and gas well pads 

 Area of impermeable surface (buildings, urban development) 

Cause Effects Assessment of Oil Sands Activity on Migratory Landbirds 

Site Condition or Physical and Chemical Variables: 

 Vegetation data on dominant shrub and trees 

 Vegetation cover information on trees, shrubs, moss, lichen  

 A remote sensing derived map of the wetland habitats within the SAGD lease 

Biological Variables: 

 Detailing mapping of lowland bird movements, behaviours and habitat use 

 Home range estimates for key species (Palm Warbler and Dark-eyed Juncos) 

Human Disturbance Variables: 

 Area and distance to anthropogenic features, includes exploration wells, roads, pipelines, 
winter roads, seismic lines, and industrial sites and facilities within individual birds home 
ranges, and surrounding point counts. 
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Waterfowl Monitoring 

Site Condition or Physical and Chemical Variables: 

 Visual estimates of water depth in wetlands as estimated during surveys 

 Vegetation indices calculated from high resolution imagery for all wetlands  

Biological Variables: 

 Aerial survey counts of waterfowl and waterbird pairs and broods visible on open water, 
including ducks, geese, swan, loons, and grebes 

 Aerial survey data is used to calculate settling rates and productivity 

Human Disturbance Variables: 

 Area and distance to linear features (roads, pipelines, seismic lines), agriculture, and well 
pads within survey grids and within 300m buffers surrounding wetlands 

Monitoring of Whooping Cranes 

Site Condition or Physical and Chemical Variables: 

 Area of natural habitat used by Whooping Crane stopovers during migration, split into 5 
wetland types (open water, marsh, fen, bog, swamp), upland forest, and recent burns within 
100m and 1000m buffers 

Biological Variables:  

 GPS locations of Whooping Cranes during migration 

 Migration corridors, and length of stopovers within the Oil Sands regions 

Human Disturbance Variables: 

 Area of disturbance, including forestry, agriculture, Oil Sand extraction within 100m and 
1000m buffers 

 Distance to tailing ponds 

 

Discussion 

Program Strengths: 
AEMERA-JOSM has undergone several reviews by the Auditor General of Canada, and most 
recently, the program underwent a scientific review by an Expert Panel. This Expert Panel review 
was released in February of 2016, and all monitoring activities undertaken between 2012 and 2015 
were examined. In general, the Panel concluded that the monitoring program addressed relevant 
questions, using well-accepted and appropriate scientific methods. The transparency of the 
monitoring program was also highlighted in the review, with the Panel specifically identifying the 
JOSM information portal as being critical for maintaining program transparency and public 
confidence in the monitoring results.  
 
Unlike many of the other existing monitoring programs in the Oil Sands region, the AEMERA-JOSM 
program was specifically designed to understand relationships between system drivers and 
environmental responses, and to distinguish between environmental change that results from natural 
processes and Oil Sands related industrial activities, at multiple spatial scales. Thus, if cause and 
effect monitoring is an objective of a new wetland monitoring program, then several of the monitoring 
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components within AEMERA-JOSM could be used as a framework for designing a new wetland 
monitoring program.  
 
Of the AEMERA-JOSM subprograms, the Deltaic Ecosystem Health Monitoring Component is the 
one program that has directly sampled a hydrologically diverse range of wetland types for key 
monitoring elements (water quality and benthic invertebrates). This program has also developed 
novel techniques to improve the scale and efficiency of biodiversity monitoring in wetlands, including 
the creation of a rapid assessment techniques to sample macro-invertebrates. These sampling 
techniques could be the basis of a larger-scale regional wetland monitoring protocol for macro-
invertebrates. This program has also developed new DNA barcoding techniques that can be used in 
the laboratory to aid in more accurate identification of benthic invertebrates. Overall, the Deltaic 
Ecosystem Health Component of AEMERA-JOSM program has significantly contributed to the 
development of monitoring tools that could be adopted as part of a new wetland monitoring program.  
 
The AEMERA-JOSM program has also conducted extensive landbird surveys that have included 
sampling within a variety of wetland habitat types and disturbance types across the Oil Sands region. 
While this sampling was focused on landbirds, basic vegetation and ecosite information was also 
collected for over 7,000 sites, and this information may be valuable in identifying wetland habitat 
classes at specific locations and/or providing ground-truthed data for site selection for a new wetland 
monitoring program. The AEMERA-JOSM program also expanded the sampling of acid-sensitive 
lakes in and adjacent to the Oil Sand region, and developed a detailed survey design and field 
sample protocols for the monitoring of acid sensitivity within open water habitats. It is possible that 
some of these open water habitat may meet the definition of open water wetlands, as per the Alberta 
Wetland Classification System.    
 
Several AEMERA-JOSM monitoring programs have also assessed the impacts of industrial 
contaminants on amphibians, other semi-aquatic wildlife species, and plants. The majority of the 21 
sites sampled for wood frogs are located in the minable Oil Sands region. Thus, both the methods 
developed for wood frog sampling and/or the sampling ponds used to monitor amphibians could be 
expanded upon and integrated into a new regional monitoring program.  
 
Program Weaknesses and Gaps: 
As part of the 2016 Expert Panel review, several recommendations for program improvements were 
put forward. This included a recommendation to conduct more comprehensive data analysis and 
interpretation, including the assessment and analysis of data collected by other programs prior to 
2012 to allow for longer time series analysis. Additionally, the Panel recommended that steps be 
taken to better integrate monitoring within and across the four components to maximize the value of 
the data collected and better quantify ecosystem change. The Panel also noted that a more rigorous 
QA process, including a full independent audit, could increase confidence in the monitoring results. 
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3.2. Regional Aquatics Monitoring Program (RAMP) 
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Goals, Objectives, and/or Specific Research Questions Addressed by the Program 

The Regional Aquatics Monitoring Program (RAMP) was a multi-disciplinary initiative established to 
determine, evaluate, and communicate the state of the aquatic environment and any changes 
resulting from cumulative resource development within the Regional Municipality of Wood Buffalo. 
The objective of the program was to understand the potential effects of Oil Sands development on 
aquatic systems, as well as address specific issues important to communities in the region. 
Monitoring stations were located on the Athabasca River and its tributaries, within the Athabasca 
River delta, on the Clearwater River, and at nine lakes and wetlands. The RAMP program was 
designed to assess the impacts of environmental changes related to Oil Sand activities, as well as 
provide monitoring that could satisfy regulatory requirements for individual leaseholders. Specifically, 
the terms of reference for the RAMP program included the following: 

 Monitor aquatic environments in the Oil Sands region to detect and assess cumulative 
effects and regional trends; 

 Collect baseline data to characterize variability in aquatic ecosystems in the Oil Sands 
region; 

 Collect data that can be used to compare and assess predictions contained within 
Environmental Impact Assessments (EIAs);  

 Collect data that satisfies the monitoring requirements specified in regulatory approvals for 
Oil Sands developments; 

 Collect data that satisfies the monitoring requirements stated within company-specific 
community agreements;  

 Recognize and incorporate traditional knowledge into monitoring and assessment activities; 

 Communicate monitoring and assessment activities, results, and recommendations to 
communities in the Regional Municipality of Wood Buffalo, regulatory agencies, and other 
interested parties; 

http://www.ramp-alberta.org/
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 Continuously review and adjust the program to incorporate monitoring results, technological 
advances, community concerns, and new or changed approval conditions; 

 Conduct a periodic peer review of the program’s objectives against its results, and 
recommend adjustments necessary for the program’s success. 

RAMP was initiated in 1997, and on April 1, 2014, all of the monitoring activities previously 
undertaken by RAMP were transferred to AEMERA-JOSM.  
 

Geographic Extent  

The RAMP program was located within the Regional Municipality of Wood Buffalo (RMWB), centered 
on the Athabasca River. Within the RMWB, the program had a defined Focus Study Area (FSA) that 
included watersheds where Oil Sands development was either present or was planned for the future. 
Within the FSA, the RAMP program included 21 Oil Sands projects and one aggregate mining 
project. All industrial projects were located along, or close to, the Athabasca River or its major 
tributaries, including: Calument River, Firebag River, Tar River, Ells Rivers, MacKay River, Muskeg 
River, Steepbank River, Poplar Creek, Horse River, Hangingstone River, Christine River and the 
Clearwater River.  
 

Overview of the Study Design 

a. Approach to sampling  

The Focus Study Area was comprised of two major areas: one to the north of Fort McMurray, 
including sampling locations that were located downstream of Oil Sands development activities, and 
one to the south, which included sampling locations upstream of Oil Sands development activities. 
Designated sampling sites were defined as “baseline”, which was defined as any station that was not 
influenced by (i.e., is upstream of) an approved Oil Sands project, or as “test”, which was any station 
located downstream of an approved focal project that was in some stage of development. The 
network of stations or sampling areas was designed to include a wide variety of ecological conditions 
found in the Oil Sands region. Impacts of development were assessed by comparing conditions 
observed at specific test stations of interest to conditions found at baseline stations and/or time 
periods. 
 
The major focus of the RAMP program was on lotic systems, particularly the Athabasca and the 
Clearwater Rivers, plus the major tributary rivers of the Athabasca. Lakes and wetland were only a 
minor component of the RAMP program. The major monitoring components included in the program 
included the following: 

1. Climate and Hydrology: This component consisted of annual monitoring at 12 climate 

stations, year-round or open-water season hydrological monitoring at 50 stream-flow stations 
on the Athabasca River and its major tributaries, and year-round water level monitoring 
stations at four lakes. 

2. Water Quality: Basic water chemistry, as well as sampling for metals and other parameters 

specific to oil sands activities, such as naphthenic acids and polycyclic aromatic hydrocarbons, 
were sampled annually at 53 locations along the Athabasca River, Clearwater River, and the 
major tributary rivers of the Athabasca. In addition, water quality was monitored annually at 
nine lakes throughout the FSA. 

3. Benthic Invertebrate Communities: Benthic invertebrates were sampled annually at four 

lakes, within four Athabasca River delta channels, and along 36 river reaches.   
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4. Sediment Quality: Sediment quality sampling occurred together at the same time and 

locations as the benthic invertebrate sampling. 

5. Fish Populations: Fish populations were sampled annually since 2006 at eight locations 

along the Athabasca and Clearwater Rivers. In 2011, the scope of fish sampling expanded to 
include 27 additional sites on major tributaries of the Athabasca River, as well as four sites 
located within the Athabasca delta. In collaboration with the Government of Alberta, fish 
sampling occurred in seven regional lakes, including Lake Clair, Gregoire Lake, Christina 
Lake, Winefred Lake, Namur Lake, Big Island Lake, and Gardiner Lake in 2003/04, 2007-
2010, and 2012/13. This fish monitoring data was used to monitor the presence or absence of 
fish species, including sentinel species such as trout perch and slimy sculpin, population age-
frequency distributions, and the presence of organic and inorganic contaminants in tissue. 

6. Acid-Sensitive Lakes: Monitoring of acid sensitive lakes was initiated in 1999 to monitor 

water chemistry in low alkalinity lake as an early-warning indicator of excessive acid 
deposition. The lakes were located in boreal upland areas (Birch Mountains, Stony Mountains) 
remote from emission sources of NOx and SOx. Between 2002 and 2013, 50 lakes were 
sampled annually, with the number of sampled lakes being reduced to 45 in 2014. The 
sampling of these lakes was taken over by AEMERA in 2014 (A. Gupta pers. comm). 

The RAMP program initially included a seventh component that focused on sampling aquatic 
vegetation in wetlands. Field data was collected at three sites annually between 2001 and 2003; 
however, this monitoring component was discontinued in 2004. The sampling sites included 
Isadore's Lake (classed as a riparian wetland with fen and swamp components), Shipyard Lake 
(classed as shrubby swamp and graminoid marsh) and Kearl Lake (classed as large lake-wetland 
complex).  

b. Number and type of wetland sites being monitored 
The primary focus of RAMP was on rivers, with a minor focus on lentic water bodies. No sampling 
occurred in bogs, fens, swamps, or in small and/or ephemeral or seasonal marsh wetlands. As of 
2014, nine lakes or large permanent wetland sites were sampled for benthic invertebrates, sediment 
quality, and water quality. Under RAMP, lakes and large permanent wetlands are not differentiated, 
and the definition of a wetland in this program included “shallow open waters covered by water less 
than 2 m deep at midsummer”. All the lakes sampled as part of the acid-sensitive lakes monitoring 
component have been classed as marshes or shallow-open water wetlands by the Alberta Provincial 
Merged Wetland Inventory. Seventeen of the sites sampled were small lakes ranging in size 
between 1 and 100 hectares, which correspond with ABMI’s definition of open water wetlands.  

c. Frequency of sampling 
The RAMP program has long-term data from four lakes/large wetlands for water quality, benthic 
invertebrate and sediment quality parameters, including Isadore’s Lake, Shipyard Lake, Kearl Lake, 
and McClelland Lake, which were all sampled annually between 2006 and 2014. An additional five 
lakes/wetlands were added to the program between 2011 and 2014 (Christina Lake, Johnson Lake 
Gardiner Lake, Gregoire Lake and Namur Lake), and were sampled annually. The acid-sensitive 
lakes monitoring component includes sampling for 50 lakes that have been sampled annually 
between 2002 and 2013. In 2014, sampling was discontinued for five lakes. 

d. Duration of sampling (e.g., program start and end dates) 
The RAMP program began in 1997, and sampling for all six monitoring components was initiated in 
2002. The scope of the RAMP program increased between 2002 and 2014, with additional 
monitoring sites being added to the program across all six components over this time period. 
Between 2002 and 2014, annual sampling was conducted for all six monitoring components, and raw 
and summarized field data from this sampling is publically available on the RAMP website. 
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Environmental, Biological, and Human Disturbance Variables   

As mentioned previously, the primary focus of RAMP was on lotic ecosystems, and very few 
wetlands were included as sampling sites. The wetlands that were included in the program were 
typically large, permanent wetlands, or wetland systems that were associated with a lake (e.g., 
lacustrine or lake fringe wetlands). Wetlands sampled as part of RAMP were included as sites in the 
water quality, benthic invertebrate, sediment quality, and acid-sensitive lake monitoring components. 
The key variables included in these monitoring components included the following: 

Water Quality Component 

 Site Condition or Physical and Chemical Variables 

 Basic water chemistry (i.e., pH, conductivity, temperature) 

 Major Ions, Nutrients, and Organics 

 Biological oxygen demand 

 Total dissolved metals and acute toxicity 

 Target PAHs and Alkylated PAHs 

Sediment Quality Component 

Site Condition or Physical and Chemical Variables 

 Physical composition (% sand, silt clay) 

 Carbon content 

 Total metals and Organics 

 Parent PAHs and Alkylated PAHs 

 Chronic toxicity and Sediment Quality Index 

Acid-Sensitive Lakes Component 

Site Condition, and Physical and Chemical Variables 

 pH 

 Gran alkalinity (acid neutralizing capacity) and Base cations 

 Sulphate, Chloride, and Nitrates 

 Dissolved organic carbon and dissolved inorganic carbon 

 Metals (total and dissolved) 

Biological Variables 

 Phytoplankton  

 Zooplankton 
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Benthic Invertebrates Community Component 

Biological Variables 

 Benthic Invertebrate Community Parameters. Benthic invertebrate are collected from 
surficial sediments, identified to lowest practical taxonomic levels, and counted. This 
information is used by the RAMP programs to calculate measures of benthic invertebrate 
abundance, taxon richness, species diversity and evenness, and the EPT Index (% 
Ephemeroptera, Plecoptera, Trichoptera), 

 

Discussion  

Program Strengths: 
RAMP was one of the first large-scale aquatic monitoring programs established in the Lower 
Athabasca Region. As a result, there may be nearly 20 years of available data that could be used to 
construct longer time series that may help to detect slow change over time. Given the focus of RAMP 
on lotic systems, the utility of RAMP data may be limited in the context of a wetland monitoring 
program; however, water and sediment quality, zooplankton, phytoplankton, and benthic 
invertebrates were sampled in a number of acid sensitive lakes/wetlands over a period of 
approximately 10 years.  
 
Program Weakness: 
In 2010, Alberta Innovates Technology Futures (AITF) lead a scientific review of RAMP, which 
included a panel of academics that examined the following aspects of the program: 1) Climate and 
Hydrology; 2) Water Quality; 3) Benthos and Sediment; 4) Fish populations, and; 5) Acid-Sensitive 
Lakes. This review generally concluded that the program was not designed to detect and assess 
cumulative effects and regional trends due to a loss of reference sites and inadequate representation 
of natural variability. The panel also noted the lack of integration between RAMP and other 
monitoring initiatives in the region. Major recommendations from this review included an increase in 
the temporal and spatial scope of the monitoring, the adoption of a probabilistic sampling design, the 
establishment of a Revision Committee to oversee changes to the monitoring program, as well as 
the establishment of an Independent External Science Advisory Panel to provide program oversight.  
Following this review, the number of monitoring sites was increased for several of the monitoring 
components, including water quality, benthic invertebrates, sediment quality, and fisheries.  
 
A second major weakness of RAMP in the context of wetland monitoring is that this program focused 
almost exclusively on lotic systems, with very few wetlands included in annual sampling. The 
wetlands that were sampled included large, permanent open water wetlands or lacustrine systems, 
with a complete absence of sampling in peatlands, small wetlands, or ephemeral, temporary, or 
seasonal marsh wetlands.  
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3.3. Wood Buffalo Environmental Association (WBEA) 
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Goals, Objectives, and/or Specific Research Questions Addressed by the Program 

Industrial development in the Athabasca Oil Sands Region has led to concerns about the impact of 
emissions on the surrounding environment (e.g., water, soil, and vegetation). To address this 
concern, the Wood Buffalo Environmental Association initiated the Terrestrial Ecosystem Effects 
Monitoring (TEEM) Program in the mid 1990s. The TEEM Acid Deposition Monitoring Program 
(AMP) was established in 1998 to determine if anthropogenic emissions of acidifying compounds, 
such as SO2 and NOx gases, were having long-term adverse impacts on the terrestrial environment 
in the region, and to assess the magnitude of this impact. 
 
The Wood Buffalo Environmental Association is concerned not only with ambient air quality in the 
Wood Buffalo region, but also with the effects of air emissions on the environment. TEEM’s 
monitoring employs a range of environmental tracers, such as chemical signatures of emission 
source types and stable isotopes of sulphur, nitrogen, oxygen, lead, and mercury. The emissions 
from industrial processes, traffic, and mining are characterized, and deposition to the ecosystem 
receptor is measured. This scientific approach establishes receptor response to exposure of air 
emissions that arise from industry and other human activities in the region. The overall objective of 
TEEM is to monitor air-related impacts on natural ecosystems so that stakeholders can make 
informed decisions about Oil Sands impacts. 
 

Geographic Extent 

The TEEM program is focused on the Athabasca Oil Sand Region, primarily in the Regional 
Municipality of Wood Buffalo, with sites located 13 to 130 km from active Oil Sands projects in all 
cardinal directions. 
 

Overview of the Study Design 

The TEEM terrestrial monitoring program includes two major components: interior jack pine sampling 
plots and jack pine forest edge sampling plots. At present, the WBEA Forest Health Monitoring 
Network consists of 25 forest interior and 18 forest edge plots in ecologically analogous, interior jack 
pine stands that are located close to, and distant from, emission sources. Sampling occurs every 
three years for the forest edge plots, and every six years for interior plots, and the focus of the 
monitoring program is to assess indicators for exposure to air emissions and deposition, with a focus 

http://www.wbea.org/resources/terrestrial-monitoring-reports
http://www13.homepage.villanova.edu/kelman.wieder/
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on morphological measurements of jack pine trees, vegetation community composition, and 
collection of soils, needles, and lichens for chemical analysis.  
The WBEA monitoring program also includes a wetland (bog) research component. Two short-term, 
4-year research projects were conducted between 2005 and 2008, and 2009 to 2012. The first 
focused on the effects of nitrogen and sulphur deposition and Sphagnum fuscum growth in bogs, 
and limited information is available. The more recent project (2009 to 2012) was focused on the 
development of potential ecological monitoring variables in bog ecosystems, and this research 
project is included in the description of programs below. 

a. Approach to sampling  

Terrestrial Monitoring 
As of 2011/12, the forest health network included 25 interior jack pine stand plots, meteorological 
towers, and passive/active monitoring analyzers that included sampling of independent variables to 
determine cause-effect change with dependent soil and vegetation variables. Preliminary sampling of 
interior jack pine stands occurred between 1998 and 2004. The full program was established 
following a review of the preliminary phase in 2007, with full site establishment and sampling 
occurring between 2011 and 2013. Given that forest edges are more exposed to air pollutants than 
interior trees within a stand, the WBEA TEEM program deployed 18 early-warning forest edge plots 
in the region beginning in 2012 to enhance and optimize monitoring activities. These plots are 
located along forest edges, at the interface between jack pine forest stands and open areas, such as 
clearings or wetlands. 
 
Site selection for forest interior sites is targeted specifically towards jack pine stands (a1.1 
Pj/bearberry/lichen ecosite phase) that are characterized by a narrow range of soil types (well-
drained sandy soils) and vegetative characteristics (WBEA 2015). Sites were selected to be 
ecological analogues and representative of a narrow range of habitat conditions to reduce in-site 
variation, in order to maximize the program’s ability to detect any potential impacts of industrial 
emissions on stand condition. All sites were selected to be between 60 and 70 years old, contain 
similar vegetation cover of indicator vascular and non-vascular plants, and occur in association with 
neighboring bog/fen habitats. Materials for branch growth and defoliation are collected from 10 “off-
plot” trees outside of the long-term sampling plots in order to reduce damage to the permanent plots. 
 
Wetland Monitoring 
From 2009 to 2012, nitrogen (NO3

-, NH4
+) and sulphur (SO4

2-) deposition was monitored at six bog 
sites within the oil sands region using ion exchange resin collectors. Sites were selected along a 
gradient of distance to nearest mine site, with sampling locations located 14, 16, 21, 53, and 73 km 
from mine sites, and one control site located 250 km away from mine sites. Five permanent plots 
were established at each site. The size of the plots and the methods used to select the sites is 
unknown. Sphagnum fuscum annual growth was calculated as a measure of net primary production. 
In addition, ten 2 x 2 m quadrats were randomly established and subdivided into 50 x 50 cm plots. 
The cover of the dominant moss species was estimated in 160 of the smaller plots, with N2 fixation 
being measured for the five most dominant moss species.  
 
Between 2009 and 2012, twelve plant species (two lichens, four mosses, one tree, three ericaceous 
shrubs, and two deciduous forbs) were collected and analyzed for tissue C, N, S, and δ15N 
concentrations. The collection of the moss species was discontinued in 2011 due to low abundance. 
At each site, plants were collected an average of six times per growing season (May to October), 
within each of the five permanent plots. Plants were dried, ground and sent to a laboratory for 
analysis. Bog porewater chemistry was collected, and organic matter decomposition rates were 
assessed. Within the study, an emphasis was placed on establishing whether lichens (Evernia 
mesomorpha) could be used as a biological indicator for bog health. E. mesomorpha was collected 
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monthly at each site during the growing season, and analyzed for tissue C, N, S, and δ15N, as well 
as chlorophyll and phaeophytin. 

b. Number and type of wetland sites being monitored 

Terrestrial Monitoring 
No wetland sites are being directly monitored as part of the long term-monitoring program. The focus 
of the long-term monitoring TEEM program is on sampling interior jack pine plots (25 sites) and jack 
pine edge plots (18 sites), some of which may be directly adjacent to peatland habitats. 
 
Wetland Monitoring 
Six bogs were sampled as part of the 2009-2012 wetland research project. Sites were located at 
varying distances from oil sands developments (14, 16, 21, 53, and 73 km), with one control site, 
located 250 from oil sands development. The control site was burned in a wildfire in 2011, and 
sampling was discontinued at that site.  

c. Frequency of sampling 

Terrestrial Monitoring 
The TEEM program monitoring cycle is based on a 6-year period, with monitoring occurring within 
the interior stand plots every sixth year for all vegetation, morphological, and soil characteristics. The 
last monitoring effort in 2011/2012 was initiated seven years after the previous effort in 2004. This 
six-year cycle includes detailed vegetation surveys and collection of soil and plant materials 
(branches and foliage) for chemical analysis. In 2012, TEEM established a 18-site network of jack 
pine forest edge plots, to be sampled every three years to monitor specific indicators of changing air 
quality. The program plans to assess forest edge plots every three years, but this sampling will only 
include a small subset of variables, with a focus on collecting soil and vegetation material (branches 
and foliage) for chemical analysis.  
 
Wetland Monitoring 
Sampling was conducted annually between 2009 and 2012, with multiple visits per year during the 
growing season. 

d. Duration of sampling (e.g., program start and end dates) 

Terrestrial Monitoring 
The TEEM terrestrial monitoring program has had three sampling cycles that occurred in 1998, 
2001-2004 and 2011-2012. Preliminary sampling was completed in 1998 for 10 sites, with selection 
and sampling of 13 sites occurring between 2001 and 2004. Some the preliminary sites were 
dropped following a data review in 2007. The 25 permanent interior jack pine sites were established 
and sampled between 2011 and 2013. Sampling and monitoring procedures have been adjusted in 
each cycle to reflect advances in technical methods, and sampling strategies have been adapted 
and revised in response to the results of the previous sample and measurement periods. The 
program is ongoing and the Forest Health Monitoring Program has received funding for the 2015 
field season from AEMERA. 
 
Wetland Monitoring 
The short-term wetland studies each ran for four years, the first form 2005 to 2008, and the second 
from 2009 to 2012.  
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Environmental, Biological, and Human Disturbance Variables   

The main driver of environmental change of this monitoring program is the air emissions produced as 
a by-product of oil sand development, specifically suphur (So2) and nitrogen emissions (No2, NH3, 
HNO3). The distance of each sample site from emission sources was calculated and used as the 
overall explanatory variable. While most of the variables below were collected for use in a terrestrial 
monitoring program, many of these variables may be suitable to be adapted into a treed wetland 
(e.g., bog or fen) monitoring program. 

Terrestrial Monitoring 

Site Condition or Chemical and Physical Variables:  

 Soil texture (sand, silt and clay content) 

 Soil pH, salinity, and cation exchange capacity in the LFH horizon and mineral soils 

 Soil concentrations of Ca2+, Mg2+, K+, Na+, Mn2+, Al3+, and Fe2+ in the mineral soil 

 Soil molar ratio and Soil Base Saturation Percentage (BS%) 

 The C:N ratio (carbon:nitrogen) as a measure of soil nitrogen loading 

 Soil complexed aluminum and iron, soil soluble cation concentrations (Na+, K+, Ca2+, and 
Mg2+), soil soluble nitrogen (nitrate (NO3-) and ammonium (NH4+)) and phosphorous to 
represent the pool of ions and nutrients available to plants through root uptake 

 Soil inorganic sulphur concentrations  

Biological Variables:  

 Total sulphur, nitrogen and carbon content in soils, plant tissues (needles, bark) and lichens 
using dry combustion 

 Concentration of organic and inorganic sulphur in leaf tissue  

 Tree condition and health, including crown condition, measurements of missing foliage, bare 
top length, needle retention, storm damage, seed production, type of foliar insects, type and 
measurements of any foliar disease, extract of woody tissues damage/disease 

 Tree shoot data to document growth and retention of needles 

 Epicuticular wax structure and composition 

 Vegetation plots to calculate canopy cover and frequency of ground cover and forb species 
within sub-plot, plus a meander species list   

 Detailed tree mapping plots, including species dominance, diameter at breast height, crown 
closure, tree height, and stem form 

 Jack pine tree cores (to confirm age) 

 Lichen samples of the selected lichen species (typically Hypogymnia physodes and Evernia 
mesomorpha) 
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Wetland Monitoring 

Site Condition or Chemical and Physical Variables:  

 Precipitation, temperature 

 Atmospheric depositions (N, S)  

 Organic matter decomposition rates  

 C, N, and S accumulation in bog peat 

 Bog porewater chemistry (NH4
+, NO3

-, SO4
2-, dissolved organic carbon, dissolved organic 

nitrogen) 

Biological Variables:  

 Bog plant tissue chemistry – C, N, S, δ15N (analyzed in 12 vascular and non-vascular plant 
species) 

 Biological N2 fixation in mosses as an input of N 

 Sphagnum fuscum net primary production 

 Concentrations of N, C, S Evernia mesomorpha  

 E. mesomorpha chlorophyll and phaeophytin concentrations 

 N, C, S concentrations of transplanted E. mesomorpha specimens 

 

Discussion  

Program Strengths: 

The TEEM program is designed to specifically monitor the potential impacts of industrial emissions 
on the surrounding terrestrial environment. In addition, benchmarking information on the influence of 
atmospheric SO2 and NOx deposition in bogs has been collected as part of a short-term 4-year 
research study. The preliminary benchmarking information on the deposition of SO2 and NOx in 
bogs, and the methods developed for evaluating the impact of atmospheric deposition in jack pine 
forests, could potentially be implemented as part of a regional long-term wetland monitoring 
program. 

Program Weakness and Gaps: 

The on-going and long-term terrestrial monitoring program does not directly sample wetland habitat 
in the Oil Sands region. The short-term wetland research projects offer some insights for developing 
monitoring methods in bogs; however, the number of bogs sites studied was limited, and therefore, 
further research may be necessary to develop reliable indicators. 
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3.4. Ecological Monitoring Committee for the Lower Athabasca (EMCLA) 
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Personal Communication:  

Erin Bayne, Professor, Biological Sciences. University of Alberta. Phone call on January 12, 2016. 

Scott Nielsen, Associate Professor, Faculty of Agricultural, Life & Environmental Sciences, University 
of Alberta. Phone call on December 14, 2015. 

 

Goals, Objectives, and/or Specific Research Questions Addressed by the Program 

The EMCLA was a joint government-industry committee composed of representatives from the Oil 
Sands industry and various government ministries and agencies. The committee was established in 
2010 to improve the quality and consistency of wildlife and biodiversity monitoring that is conducted 
as a condition of Environmental Protection and Enhancement Act (EPEA) approvals. A key goal was 
to design cost-efficient protocols to monitor rare and elusive species. This committee developed, 
funded, and implemented regional monitoring for components that were poorly captured under the 
core monitoring activities of the ABMI in the Lower Athabasca Planning Region (LAPR). The EMCLA 
was dissolved in 2012 and integrated into the AEMERA-JOSM funding umbrella. Currently, the ABMI 
and the University of Alberta manage three monitoring programs that were initiated by EMCLA:  

1. Subprogram 1: Monitoring of Uncommon & Elusive Vocalizing Animal Species: The goal 

of this subprogram is to design and implement long-term animal monitoring programs for 
species that are at risk or threatened in the LAPR. Specifically, this subprogram targets the 
monitoring of rare and elusive vocalizing species, such as owls, amphibians, and yellow rail. 

http://www.abmi.ca/
http://www.emcla.ca/
http://www.emcla.ca/documents-and-reports/2013-reports/
http://www.emcla.ca/
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The original objective of this subprogram was to evaluate the potential use of automated 
recording units (ARUs) as an alternative to the traditional call-playback method of sampling, as 
well as to better understand the ecology and habitat use of each species. Using ARUs, the 
specific questions being investigated as part of this program include:  

 How do varying levels of industrial noise affect owl distributions, their vocal 
communication, and hunting efficiency? 

 What types of wetland habitats are being used by different amphibian species? 

 What types of wetland habitat do yellow rail rely upon? 

ARUs quickly proved to be an effective monitoring tool and are currently being integrated into a 
wide range of existing monitoring programs. The rare animals subprogram continues to 
develop and improve methods for using bioacoustics technology, but also focuses strongly on 
long term monitoring and research on rare wetland species, including but not limited to yellow 
rail, Canadian toad, rusty blackbird, and common nighthawk  

2. Subprogram 2: New Monitoring Protocol for Rare Plants: The goals of this program are to 
improve the understanding of rare plant distribution and habitat preferences in the LAPR, 
increase the efficiency of rare plant monitoring, and assist with regional and site level land use 
planning and mitigation. This program was developed to fill the gap in the ABMI’s core 
biodiversity monitoring program and to develop a new protocol that optimizes rare plant 
species detection.  

3. Subprogram 3: Woodland Caribou and Movement: This project aimed to address caribou 

movement and the effect of above ground pipelines and associated linear features, and the 
extent to which those effects might limit caribou populations in the LAPR. The project 
developed a spatially explicit model of range-scale caribou movement for radio-collar animals, 
and investigated mitigation options to reduce the effect of industrial activities on caribou 
movement. 

 
Subprograms 1 and 2 are described in more detail below, as they directly relate to monitoring of 
wetland habitats. 
 

Geographic Extent  

The monitoring program occurs throughout the Lower Athabasca Planning Region, which is an area 
that covers 93,212 km2 in northeastern Alberta.  
 

Overview of the Study Design 

a. Approach to sampling  

Subprogram 1: Uncommon and Elusive Animal Species  
This subprogram uses targeted sampling whereby sites are selected based on the habitat 
requirements of the target species group, specifically owls, yellow rails, and amphibians. The 
monitoring component for owls is focused on the impacts of industrial noise emission on owl species 
that occur in the region, including great horned, barred, northern saw-whet, and boreal owls. 
Questions related to how industrial noise affects species distributions, vocal communication, and 
hunting efficiency were addressed across a broad range of habitat types; however, because this 
monitoring component did not directly target wetlands, it will not be discussed further. 
 
Monitoring of yellow rail throughout the region has resulted in a better understanding of the types of 
wetland habitat this species relies on. The first year of sampling in 2012 was a pilot year, which used 
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a stratified sampling design across a range of wetland habitats to determine in which wetland habitat 
types yellow rails were present. After the pilot year, site selection was targeted based on 
presence/absence and abundance models for yellow rails, which allowed for targeted sampling 
within wetland habitats where yellow rails were most abundant (graminoid fens and meadow 
marshes). Sampling between 2012 and 2015 identified wetland locations where yellow rails are 
present, and these sites have been monitored repeatedly to better understand the status and trends 
of yellow rails, and to develop techniques to increase the detectability of these species. By using 
ARUs, this program also collected data on a suite of rare and common vocalizing species from these 
wetland habitats in addition to yellow rail.  
 
A similar approach was used for amphibians. This program specifically targets Canadian toad, but 
samples all vocalizing frog and toad species present at sites, including wood frogs, boreal chorus 
frogs, western toads, and northern leopard frogs. Sampling in the 2012 pilot year was stratified 
across a range of wetland types that were likely to contain Canadian toad. Wetland classification and 
vegetation data from the 2012 sampling year was used to create a predictive habitat model for 
Canadian toads, and the presence of other breeding anurans.  Canadian toads have very specific 
habitat requirement related to soil drainage properties, forest type, and the distance to open water 
wetlands. Sampling between 2012 and 2015 has identified areas in which Canadian toads are 
present, and these sites have been monitored repeatedly to better understand the status and trends 
of Canadian toads, and other anuran species in the region. 
 
The survey design used for monitoring of yellow rails and amphibians is typically based a systematic 
grid containing five ARUs. One ARU is deployed at the center of the site, with one additional ARU 
placed at each of the plot corners, which are spaced 600 m apart. A 150 m circular habitat plot is 
placed at each ARU, where five 2m x 2m subplots are located: one directly beneath the ARU and 
four in each cardinal direction within 50 m of the ARU. Habitat type and detailed vegetation 
measurements are collected in each plot. Each monitoring sites is monitored for a period of between 
4 and 14 days, and then the ARUs are moved to a new site. In addition, spatial disturbance and 
habitat information is compiled within 150 m and 1 km radius circle surrounding each ARU. 
Beginning in 2015, this subprogram also began using ARUs in a “big grid” approach where an 
intensive systematic survey of a township is completed using approximately 100 ARUs. Some of 
these grids fall in wetland complexes.  

Subprogram 2: Rare Plants 
This program used a targeted sampling approach; one third of the sites were selected because there 
was a known occurrence of one or more of the 25 target species, and two thirds of the sites were 
selected using predicted habitat preferences for the 25 target rare plant species in order to identify 
potential survey locations. This program has developed predictive models for rare plant occurrence 
that identifies “rare plant hotspots”, and uses an iterative process that improves model predictions 
over time with increased data. Sixteen of the 25-targeted species are lowland-dependent, and an 
additional four species can be found in both upland and lowland plots. This list was selected by 
EMCLA, and derived from Alberta Conservation Information Management Systems (ACIMS), the 
ABMI, and industry data. The wetland habitat types that were targeted were: fen-graminoid-poor, 
fen-graminoid-rich, fen-shrub-poor, fen-shrub-rich, fen-tree-poor, and fen-tree-rich. No sample sites 
were located in open water habitats.  
 
Each sample site had two plots (A and B), each 50 m x 50 m in size and clustered within a distance 
of 200 m. Plot A was selected to be typical of the targeted habitat type defined by the model, and 
Plot B was selected to maximize the occurrence of rare species, avoid roads, and have less than 
25% of their area affected by current or past human disturbance (a different habitat type than Plot A, 
if possible). When appropriate, a meandering survey targeting distinct landscape or habitat features 
in the area surrounding the plots was conducted to select plots A and B. A vascular plant species list 
was compiled within each plot. Surveys involved a time-unlimited search of the plots using meander 
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“belt” transects. For each new species encountered, the detection time was recorded. When a rare 
species (species on the target list, or any S1, S2, or S3) was encountered, the population size was 
also estimated within the plot.   

b. Number and type of wetland sites being monitored 

Subprogram 1: Uncommon and Elusive Animal Species 
In 2012, 29 pilot wetland sites were surveyed for yellow rails and anurans. In the 2013 field season, 
65 wetland sites in graminoid fens and meadow marshes were monitored for yellow rail, and 27 
wetlands sites were monitored for Canadian toads, totaling 121 wetland sites surveyed between 
2012 and 2013. In 2014 and 2015, previously surveyed sites from 2012 and 2013 were resampled, 
in addition to surveying new sites to monitor inter-annual variation. By the end of 2015, 1546 
individual ARU’s had been placed in a diversity of wetland habitat including treed fens and bogs, 
shrubby fens and bogs, conifer and hardwood swamps, graminoid fens, and emergent marshes. 

Subprogram 2: Rare Plants 
Monitoring sites sampled between 2012 and 2015 were selected using model-based predicted 
locations of target species, as well as assessments of disturbance and accessibility. Site selection 
has been focused on fens, treed bogs, and upland habitats, with less emphasis on marshes, open 
bogs, and anthropogenic sites or clearcuts. In total, 512 sites have been sampled between 2012 and 
2014, with 252 (49.2%) being located in wetland habitats that include fens, marshes, bogs, and 
swamps (Table 1) (Scott Nielsen, pers. comm).  
 
Table 1. Total number of plots sampled between 2012 and 2014, summarized by habitat class, as 
defined by the Ducks Unlimited Enhanced Wetland Classification (DU-EWC).  

Habitat Class Name Number of 

Sample Plots  Unknown 2 

Open Water 1 

Emergent Marsh 5 

Meadow Marsh 1 

Graminoid Rich Fen 27 

Graminoid Poor Fen 13 

Shrubby Rich Fen 35 

Shrubby Poor Fen 22 

Treed Rich Fen 32 

Treed Poor Fen 49 

Open Bog 1 

Shrubby Bog 6 

Treed Bog 19 

Shrub Swamp 6 

Hardwood Swamp 5 

Mixedwood Swamp 1 

Tamarack Swamp 7 

Conifer Swamp 22 

Upland Conifer 54 

Upland Deciduous 94 

Upland Mixedwood 93 

Upland Other 1 

Anthropogenic 8 

Burn 8 

Total 512 
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c. Frequency of sampling 

Subprogram 1: Uncommon and Elusive Animal Species  
ARUs are programmed to record the first 10 minutes of every hour, and remain at the site for a 
minimum of 7 days. Monitoring occurs from April to August for Canadian toads and yellow rails to 
encompass a number of species that vocalize at different times of the year. Sites where yellow rail 
and Canadian toads have been detected between 2012 and 2015 are monitored repeatedly on an 
annually or bi-annual bias, in addition to visiting new sites every year. This approach is used to 
determine inter-annual variability and to increase understanding of the population status and trends 
of these rare species. A combination of human listening and computer automated processing 
techniques are used to process the data for both target species, as well, as to identify other 
vocalizing species detected during the surveys.  

Subprogram 2: Rare Plants 
The field sampling occurs between June and August when the target species are detectable. 
With each year of sampling, new rare plant observations are incorporated into the habitat prediction 
model in order to better understand the rare plants and their habitats for the next field sampling year. 
Two thirds of the sites sampled each year are new sites selected by habitat modeling, and one third 
of the sites have known occurrences of at least one of the rare plants. 

d. Duration of sampling (e.g., program start and end dates)  
The EMCLA program began in 2012, and annual sampling has occurred up to 2015 for both 
Uncommon and Elusive Animals Species project and Rare Plants project. Monitoring for yellow rails 
and Canadian Toad is planned to continue in 2016 (E. Bayne pers comm.). The rare plants project 
will also continue into 2016, but will shift focus to re-visiting historical observations of rare plants to 
determine persistence over time. 

 

Environmental, Biological, and Human Disturbance Variables   

Subprogram 1: Uncommon and Elusive Animal Species 

Site Condition or Chemical and Physical Variables 

 Wetland  (bog, fen, swamp, marsh, shallow water, open water) type or habitat (deciduous 
upland, conifer upland and mixedwood upland) type 

 Water depth (average of 3 measurements for each 2 x 2 subplot) 

Biological Variables:  

 Auditory detection of the species of interest (yellow rail, amphibians, and owls)  

 Vegetation composition 

 Horizontal cover 

Human Disturbance Variables: 

 Area of Well pads 

 Area of Quad Trails 

 Area of Roads 

 Area Linear features 
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Subprogram 2: Rare Plants 

Site Condition or Chemical and Physical Variables: 

 Ecosite type (primary, and secondary, if present)  

 Aspect and Slope 

 % of the area of the plot affected by natural disturbance (e.g., wind, erosion, flooding, etc.)  

 % bare ground and water 

 Soil pH 

 Site photographs 

Biological Variables:  

 Dominant tree canopy species  

 List of vascular plant species present  

 Population size estimate of rare plant population (if located) 

 Extent of population (m2) of rare plant population (if located) 

 Voucher specimen of rare plant (if population size warrants collection) 

Human Disturbance Variables: 

 % of the area of the plot affected by human-caused disturbance 

 Type of human disturbance 

 
Discussion  

Program Strengths: 
The EMCLA program was formed in order to collect and share data on the occurrence of sensitive 
species for which monitoring is a requirement under an existing EPEA approval. The various 
subprogram components aim to provide habitat and presence/absence data for species that are 
typically under-sampled, and thus, under-represented through traditional survey techniques. These 
monitoring programs help identify whether the target species are truly uncommon or rare, or whether 
they are under-reported as a result of more traditional data collection approaches. 

Weaknesses and Gaps: 
All of the EMCLA sites are targeted towards maximizing detections of targeted rare or threatened 
wildlife and plant species, and as a result, the collection of existing sites is not representative of 
overall ecosystem diversity and composition in the LAPR.  
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3.5. Alberta Biodiversity Monitoring Institute (ABMI) 
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Goals, Objectives, and/or Specific Research Questions Addressed by the Program 

The goal of the Alberta Biodiversity Monitoring Institute (ABMI) is to track changes in the distribution 
and abundance of wildlife and their habitats throughout Alberta, with the objective of providing 
ongoing, relevant, and scientifically credible information on the province’s living resources. This 
includes monitoring species and their habitats to understand the distribution of biodiversity, as well 
as to inform sustainable resource development and biological conservation in Alberta. A primary goal 
of the Institute is to support natural resources management by providing: i) empirical models of the 
relationship of species and habitat elements to natural vegetation types, human footprint, climate, 
and geographical gradients, and ii) credible and understandable indices of the status of biodiversity. 
The ABMI has several major monitoring components, including a field-based monitoring program for 
terrestrial and wetland ecosystems, and a GIS/remote sensing monitoring component.  

 

Geographic Extent  

The ABMI monitoring program includes a 20km x 20 km systematic grid of 1656 permanent sites that 
covers the entire province of Alberta. As of 2015, 1255 (964 permanent+291 off-grid sites) 
systematic sites and 1027 (936 permanent+91 off-grid sites) wetland sites have been sampled in the 
province, with 350 permanent sites being located in the Oil Sands area.  
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Overview of the Study Design 

a. Approach to sampling  
Sampling for all components of the monitoring program is based on the 20 km National Forest 
Inventory (NFI) systematic grid, which includes 1656 permanent plots across Alberta. At each of the 
1656 sites, systematic sampling plots are randomly selected within 5 km of the NFI point. All 
vegetated habitats, excluding open water, are considered in systematic sampling, and are eligible for 
sampling using the systematic terrestrial habitat protocol. This includes forests, fens, bogs, swamps, 
barren lands, and disturbed areas. Prior to detailed data collection, a preliminary site visit occurs to 
assess the suitability of the site for systematic sampling. If the center point for the systematic plot is 
located >200m from vegetation, the site is defined as “Open Water”, and an alternate site is 
selected. Given that the systematic site selection protocol randomly selects for any vegetated 
habitat, the ABMI systematic sampling does include vegetated wetland habitats, such as fens, bogs, 
or swamps. Any sampling that occurs in a vegetated wetland follows the systematic monitoring 
protocols.  
 
In addition to establishing a permanent systematic sampling plot, a permanent open water wetland 
sampling plot is established at each NFI point. Prior to field sampling, all candidate wetlands within 
10 km of the NFI site are identified using satellite imagery, and water bodies that meet the wetland 
selection criteria (see below for the list of criteria) are ranked randomly. The first wetland on the 
ranked list that is deemed suitable in the field is chosen for sampling.  
 
ABMI also samples “off-grid” systematic and wetland sites. These are additional sites selected to 
understand stressor-response relationships (e.g., human footprint-species occurrence/abundance 
relationships). These sites are chosen to complement the ABMI’s systematic grid to improve 
sampling coverage along the gradient of human footprint levels for improved estimation of 
relationships between biodiversity and human land use. Off-grids sites are sampled with the same 
protocols as the systematic sites and the wetland sites. 
 
Human footprint is mapped by ABMI at two scales. The first is the site-level 3 x 7 km Human 
Footprint dataset, which is related to each NFI point. For each of the 1656 grid points, a 3x7 km 
rectangle surrounding each of the systematic permanent plots is mapped at 1:5,000 scale. The ABMI 
3x7 km Human Footprint Inventory has been updated annually since 2004, with a datasets available 
for 1999, 2001, and 2004-2014. This Footprint inventory is used to understand the relationship 
between human land use, habitat, and species abundance at each systematic permanent sampling 
location. The second human footprint inventory is the ABMI Wall-to-Wall HF Inventory, which is a 
complete inventory of all human footprint information for the province of Alberta (mapped at 1:15,000 
scale). This inventory is used when projecting species occurrence and abundance across large 
regional scales. In addition, this human footprint inventory is used to measure disturbance around 
wetlands from the permanent open water wetland plots. Both human footprint inventories map the 
spatial distribution of all human disturbances, including agriculture, residential areas, industrial 
development, and roads. These layers are created using Government of Alberta Base Feature 
datasets and heads-up digitization of all human footprint attributes manually interpreted from satellite 
imagery. 
 
While the ABMI sampling is based on the NFI systematic grid, the exact location of all ABMI 
permanent sites is confidential to avoid biasing management or encouraging disturbances within 
permanent sample plots. Any data that is publically available is tied to a random location that is 
within 5 km of the actual sampling location. 
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b. Number and type of wetland sites being monitored 

Wetland Monitoring Program 
For the purpose of the ABMI monitoring program, a water body must have the following 
characteristics to be defined as a wetland:  

 An open water surface area between 1 and 100 ha 

 A average maximum depth of between 0.5 and 2 m 

 Low probability of complete water evaporation within or between years (i.e., it is a permanent 
wetland) 

 A well-developed zone of wetland vegetation so that vegetation can be sampled effectively 

The ABMI’s wetland selection criteria do not preclude human created or modified wetlands, as long 
as the water body meets all of the criteria listed above. As of 2015, 264 wetland sites, out of a 
possible total of 350, have been sampled in the Oil Sands region. In addition, 50 of these 264 sites 
were revisited (second rotation). 

Systematic Monitoring Program 
The systematic monitoring program samples any vegetated habitat that is not classed as “Open 
Water”. Given that the selection of systematic sites is random, some of the systematic sites include, 
or may be dominated by, wetland habitats such as bogs, fens, or swamps. As of 2105, 272 of the 
possible 350 systematic sites located within the Oil Sands region have been sampled (with 35 of the 
271 sites being revisited for a second rotation). Of these, 85 sites have been assigned a wetland 
ecosite classification of either rich fen (RD), poor bog (PD), poor fen (MD), or marsh-cattail swamp 
(VD), as determine from the center of the 1-ha systematic sampling plot. 

c. Frequency of sampling 
Once the ABMI program reaches its full financial capacity, each of the 1656 systematic and wetland 
sites will be visited once every 5 years. In 2015, ABMI started to re-visit sites. To date, 151 
systematic sites and 129 wetlands sites have been re-visited for a second rotation across the 
province. 

d. Duration of sampling (e.g., program start and end dates)  
The ABMI program was initiated in 2003, with pilot sampling conducted between 2003 and 2006. Full 
province-wide sampling for the first rotation began in 2007 for both the systematic and wetland 
monitoring components. The ABMI 3x7 km Human Footprint Inventory has been updated annually 
for each of the 1656 sites since 2004, with datasets available for 1999, 2001, and 2004 to 2014. The 
ABMI Wall-to-Wall Inventory will be updated every two years, and is currently available for 2007, 
2010, and 2012. 
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Environmental, Biological, and Human Disturbance Variables   

The wetland and systematic monitoring programs measure a broad suite of physical, chemical, and 
biological variables that may be influenced by anthropogenic activity or development, and many of 
these variables were selected for monitoring because they are thought to be sensitive to changes in 
land use. The majority of the human disturbance variables are measured through the ABMI 3x7 
Human Footprint Inventory mapping and the Wall-to-Wall HF Inventory, with a small number of 
human disturbance variables being measured through ground-based surveys.  

Wetland Monitoring Program 

Site Condition or Physical and Chemical Variables 

 Wetland class (either organic or mineral) 

 Ecosite and area cover by each wetland zone (includes open water, emergent vegetation, 
graminoid, and wood margin) 

 Basic water chemistry including: Temperature; pH, Dissolved Oxygen; Conductivity; and 
Salinity  

 Water nutrient concentrations including: Total nitrogen; Total phosphorous; Total dissolved 
carbon 

 Isotopes: sampled from the deepest point of the wetland. 

 Water depth and basin bathometry 

 Wetland area (based on aerial photos) 

 Wetland characteristics within a 20m boundary of shoreline, including: % cover of water, 
rock, bare soil, lichens and non-vascular plants, forbs, graminoids, shrubs, deciduous and 
coniferous trees 

 Wetland characteristics within 20 to100 m boundary of shoreline, including: % cover of 
water; bare soil; low vegetation; and tree cover 

Biological Variables 

 In the field, ABMI measures the presence and relative abundance of vascular plants. 
Relative abundance is a categorical measure, classed as “uncommon”, “common”, and 
“dominant”. Sampling effort is divided across each of the 4 zones of the wetlands (open 
water, emergent, graminoid, and the wetland margin) 

 % cover of shrub and trees in each wetland zone 

 Aquatic Invertebrates are sampled in the open water zone of wetlands in 10 locations along 
3 transects from the boundary of the emergent zone into the center of the wetland, and at 
the deepest part of the wetland. All samples are collected from water >25 cm deep. 

 Presence of vertebrates (birds, mammals, amphibians, reptile) observed in a 10 minute 
search, and any incidental observation noted during wetland sampling 

Human Disturbance Variables 

 % cover of human-created habitats within a 20m boundary of shoreline 
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ABMI Wall-to-Wall Human Footprint Inventory 

Human Disturbance Variables  

 Area of mine sites (peat, oil and gas wells, coals mines, and other mineral mining) 

 Area hard surfaced linear features (paved and gravel roads0 

 Area of soft linear features (pipelines, transmission lines, and seismic lines) 

 Area of road verges 

 Area of anthropogenic waterbodies (borrows, dug-out, reservoirs, canals) 

 Area of agricultural lands (crops, pasture and bare ground) 

 Area of forest harvesting 

Systematic Monitoring Program 

Site Condition or Physical and Chemical Variables 

 Site characteristics within 150m radius plot, including: % cover of water; rock, bare soil; 
lichens and non-vascular plants; forbs; graminoids; shrubs; deciduous and coniferous trees 

 Ecosite  

 Collection of tree cores 

 Canopy cover 

 Soil cores, LFH depth, and organic soil 

Biological Variables 

 Size and density of trees and snags 

 Volume of downed woody debris 

 Soil mites are collected in the mineral and organic soil horizons 

 The presence and relative density of vascular plants. Relative density is a categorical 
measure, classed as “uncommon”, “common”, and “dominant”. Sampling effort is divided 
across 4 quadrants of a 1 ha square plot. 

 The presence and relative density of bryophytes and lichens, sampled in four 25 x 15 m 
subplot within 1-ha sampling plot 

 The presence and relative abundance of songbirds are sampling using 9 point count 
locations, spaced 300 m apart, centered on the 1 ha square plot used for sampling 
vegetation characteristics and vascular plants 

 Since 2014, automated recording units (ARU’s) have been deployed at systematic sites to 
monitor for any vocalizing species 

Human Disturbance Variables 

 % cover of human created habitats within a 150 m radius plot 
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ABMI 3x7 km Footprint Inventory  

Human Disturbance Variables  

 Area of mine sites (peat, oil and gas wells, coals mines, and other mineral mining) 

 Area hard surfaced linear features (paved and gravel roads0 

 Area of soft linear features (pipelines, transmission lines, and seismic lines) 

 Area of road verges 

 Area of anthropogenic waterbodies (borrows, dug-out, reservoirs, canals) 

 Area of agricultural lands (crops, pasture and bare ground) 

 Area of forest harvesting 

 

Discussion 

Independent Third Party Review: 
Timoney (2015) recently published a review of the policy, science framework, and existing 
monitoring programs focused on the reclamation and management of wetlands in northeastern 
Alberta. As part of this study, Timoney conducted a review of the wetland data and monitoring 
protocols and site selection implemented by ABMI. As of 2012, ABMI was the primary agency for 
delivery of wildlife and biodiversity monitoring across the Oil Sands region. Timoney noted that a 
major limitation of the ABMI data is that the agency will not divulge the exact geographic locations of 
sample plots, which reduces the transparency of the monitoring program, and does not allow other 
scientist to validate results by conducting independent sampling. Timoney also noted concerns 
related to the reliability of the ABMI data collection. In his study, vegetation plot data was requested 
and acquired for the Peace-Athabasca Delta (PAD), which is an area well-studied by the author. He 
observed several anomalies in the data:  

1. The dataset contained the occurrences of species not known from the delta or the region; 

2. The vegetation plots contained abnormal species assemblages which have never been 
observed in the delta; 

3. The use of different names for the same species was observed in the same dataset; 

4. The frequent use of genus level identification (particularly “Salix sp.”) rather than 
identification to species; 

5. The use of broad classes of frequency (uncommon, common, dominant) rather than actual 
percent cover;  

6. The absence of common, expected taxa, combined with the frequent occurrence of rare 
taxa; 

7. Many species occurrence records require verification. However, this is hindered by both the 
lack of voucher specimens and the lack of accurate plot locations. 

Examination of the ABMI PAD vegetation plot dataset resulted in Timoney identifying 184 records 
that were potentially significant due to either rarity or to the species not having been previously 
recorded in the PAD. An examination of the available voucher specimens (only 15 of 184 records 
had vouchers) indicated that 3 of 15 had been misidentified. Timoney believes the practice of not 
disclosing true plot locations undermines the usefulness of ABMI data. The 5 km offset in the 
publically-available location data made it likely that some plot data examined were derived from plots 
located outside the PAD, while data from other plots located in the PAD may not have been provided 
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because the offset placed them outside the defined delta boundary. The occurrence of abnormal 
species assemblages noted above is likely an artifact of the ABMI sampling protocol based on a 1-ha 
terrestrial plot, which is placed randomly, and divided into four 0.25 ha quadrants. The random 
placement means that a single plot or quadrant may contain species from unrelated plant 
communities, with no habitat differentiation provided in the data. As a result of the plot placement, 
Timoney does not believe that ABMI data is suitable for describing or tracking wetland vegetation 
communities or to detect changes in those communities over time. 
 
Timoney also raised issues specifically regarding the wetland sampling conducted by ABMI. ABMI’s 
wetland sampling protocols only sample large, permanent wetlands. The program does not assess 
the vegetation biodiversity for a large spectrum of wetlands including those that are small, 
ephemeral, and lack deep, permanent open water, or have experienced desiccation. The site 
selection requirement of sampled wetland requires an open water zone more than 1 ha in extent and 
greater than 0.5m deep, which removes the majority of wetland types from monitoring. In particular, 
ABMI’s wetland sampling protocols select against sampling of semi-permanently, seasonally-, 
temporarily-, and intermittently-flooded and saturated water regimes classified by Cowardin et al. 
(1979). This selection for only permanent wetlands fails to account for the hydrologic dynamism of 
wetlands, and does not provide conservation information for a broad spectrum of productive wetland 
habitats. Moreover, the ABMI protocols dictates that previously sampled wetlands should not be 
resampled if the open water zone of a wetland site has shrunk in extent to <1 ha or is found not to 
contain open water >0.5m deep. Instead, a new wetland is selected for monitoring.  
 
Timoney considers the ABMI wetland protocols to be insensitive to changes at the appropriate 
spatial scale and metrics for detecting changes in wetland vegetation communities. In particular, he 
views that the vegetation community composition is the critical metric to track in a long-term wetland 
monitoring program. At present, the terrestrial sampling protocol used by ABMI cannot be used to 
describe plant communities. Timoney emphasizes that detecting changes in plant communities and 
habitat types is critical to the long-term conservation of boreal wetlands. Importantly, as a result of 
ABMI’s inability to assess changes in plant communities at both the plot-level and the landscape-
level, his opinion is that the early warning function of ABMI wetland monitoring is lost. 

Program Strengths: 
The ABMI program is a long-term monitoring program designed to track changes at scales 
appropriate for the management of ecosystems and habitats over multiple decades, with the goal of 
understanding how biodiversity responds to landscape and global change. The program reports on 
the status and trends of Alberta’s species, habitat, and human footprint at the regional and/or 
provincial scales. The 20 km systematic grid used by ABMI can address questions related to 
temporal change or the current status of species and habitat across large regions, such as the 
minable Oil Sands area. Within the minable Oil Sands region, the ABMI program has good coverage 
for both the terrestrial and wetland monitoring sites, and all of these permanent sampling locations 
will be sampled within the first monitoring rotation. Of these 350 terrestrial and wetland sites, 264 
open water wetlands and 271 terrestrial sites have been sampled at least once.    
 
The ABMI measures multiple biological taxa across wetland and terrestrial plots. The wetland 
monitoring program includes sampling for vascular plants and aquatic invertebrates, which are two of 
the most widely used biological indicator groups for aquatic monitoring in open water systems. 
Vascular and non-vascular plants are also being monitored in bog, fens, and swamps under the 
terrestrial monitoring protocols. 

Program Weaknesses and Gaps: 
The focus of the ABMI monitoring program is on assessing broad-scale changes in biodiversity; 
therefore, it is not well suited to assess change within individual sampling plots, or within small 
regions. Given the low frequency of sampling for individual plots, the statistical power to detect short-
term trends is low when <50 permanent sites are included in the analysis. In addition, because the 
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ABMI program is not designed specifically to address questions related to the impacts of Oil Sands 
development on wetland ecosystems, the existing wetland program is not collecting information on 
variables that may be relevant to understanding the impacts of human activities on ecological 
condition in the region. For example, the basic water chemistry sampling that is currently conducted 
does not include sampling of, or analysis for, contaminants specific to oil sands operations such as 
metals, naphthenic acids, or polycyclic aromatic hydrocarbons.  
  
While the wetland and terrestrial monitoring programs sample many of the wetland types defined by 
the Alberta Wetland Classification System, there is a bias towards sampling large, permanent open 
water wetland systems (marsh wetlands) only. As a result, the existing monitoring does not include 
systematic sampling of: small wetlands (<1 ha); ephemeral, seasonal, or temporary marsh wetlands; 
swamps; or peatlands. While swamps and peatlands may be sampled as part of the terrestrial 
monitoring, the focus of this sampling is on biota such as vegetation and songbirds, and there is no 
consideration given to surface or ground water, which is an important component of monitoring 
change in peatland systems. Further, the ABMI program does not divulge the actual location of their 
sampling plots, making spatial comparisons between sampling locations impossible.  
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3.6. Canada’s Oil Sands Innovation Alliance (COSIA) 

Website: 

www.cosia.ca 
 

Personal Communication: 

Munkittrick, Kelly. Director of Monitoring. COSIA. Meeting on December 9, 2015. 
 

Reference: 

COSIA. 2016. Description of COSIA Wetlands WG alignment on wetlands monitoring approaches. 
Summary document provided to the Alberta Biodiversity Monitoring Institute on May 24, 2016. 
Pp.3.  

 

Goals, Objectives, and/or Specific Research Questions Addressed by the Program 

COSIA is an alliance of 13 oil sands producers that was launched in 2012. The alliance is “focused 
on accelerating the pace of improvement in environmental performance in Canada’s oil sands 
through collaborative action and innovation” by bringing together individuals from industry, 
government, academia and the public (COSIA 2012). The goal of the organization is to improve 
measurement, accountability, and environmental performance in the Oil Sands region, with a focus 
on tailings, water, land, and greenhouse gases. COSIA also has a Monitoring Working Group, which 
is open to non-COSIA companies that participate in jointly funding a Regional Oil Sands Monitoring 
(OSM) program with an annual budget of $50 million. There are currently 17 companies that 
participate in the Monitoring Working Group. 
 
As part of existing environmental approvals, oil sands companies (both mining and in situ) are 
required to conduct wetland monitoring. At present, companies monitor wetlands through site-
specific programs that are developed on a project-by-project basis, with little or no integration across 
companies with respect to study design or methods. At the time of the development of the Regional 
Oil Sands Monitoring program, the mining companies had been working towards developing a 
combined regional reference program, which has since been rolled into the Regional OSM. In July of 
2015, COSIA established a Wetlands Working Group with the objective of aligning site-specific 
wetland monitoring programs across companies, and within Regional OSM initiatives, to better 
understand the natural range of variation in wetlands and the impacts of oil sands development on 
wetlands.  
 
Given the legacy of experience in wetland monitoring and a current annual investment that 
surpasses other wetland monitoring initiatives in the region, there is a recognition that aligning 
industry-led wetland monitoring programs with regional studies will allow for broader integration of 
both industry and regional data. In order to achieve this integration, the Wetlands Working Group is 
conducting a survey of members to collate information about recent and existing oil sands industry 
wetland monitoring programs, including stressor and response variables, wetland sampling locations, 
sampling approaches and methodology, data management, and reporting. It is clear from the 
information that has been collected to-date that it is possible to align key components of wetland 
monitoring programs at Oil Sands facilities across companies and with regional monitoring initiatives 
under the OSM program.  
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While the specifics of a coordinated wetland monitoring program have not yet been developed, the 
Working Group has defined key monitoring questions that include both stressor-based and effects-
based monitoring within a tiered and triggered program. The questions are focused on documenting 
expected and unexpected change that may result from known stressors (e.g., ground water draw-
down, increased salinity, change in pH, climate, fire), both at a local and regional scale. These key 
questions include: 

1. Is there a change in surface or ground water quantity or quality associated with 
wetlands? 

2. Is hydrologic alteration from oil sands development causing a change (i.e., a significant 
change outside the normal range of the natural variability of reference conditions) in the 
ecological condition of the most dominant wetland types? More specifically, is there a 
change in the vegetation community associated with oil sands development? 

 
The tiered and triggered monitoring program would consist of core monitoring that would include 
Long-term, Focused, and Baseline studies. If change is detected, additional studies may be 
triggered, including Confirmation studies and Investigation of Cause studies. Through this 
framework, when a change is detected, the priority is to address whether the change is expected or 
unexpected, and whether it is getting worse or is stable.     
 
The timeline for the completion and rollout of this monitoring program is unknown. 
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4. Integration into a New Monitoring Framework 

Previous sections in this report have provided a broad summary of the major research and 
monitoring activities related to wetlands in the Oil Sands region. This information was compiled to 
identify potential opportunities for the integration of previous or existing research or monitoring 
programs, including sampling methods and/or datasets, into a new regional wetland monitoring 
program. Moreover, this summary has highlighted sampling gaps in wetland ecosystems that will 
need to be addressed by the new program. 
 
The proposed framework for a new wetland-monitoring program in the Oil Sands region includes two 
major goals (ABMI 2016b). The first goal is to track wetland condition in the region over time, with 
the aim of understanding how the cumulative effects of both natural and anthropogenic factors drive 
change in wetland condition. The second goal of the program is to detect site-specific change in 
wetland condition, with the objective of attributing that change to specific anthropogenic activities or 
natural environmental effects. The proposed approach to achieving these goals is to employ 
monitoring at three different scales: 1) the landscape level, where wetlands will be mapped and 
classified; 2) the regional level, where change in wetland condition will be monitored in relation to 
cumulative effects; and 3) the sector/site/operator level, where change in wetland condition can be 
attributed to specific anthropogenic activities. 
 
Below we provide a synthesis of each of the monitoring programs reviewed in this report, with the 
aim of providing a high-level assessment regarding which components of each program may provide 
important data, methodologies, or opportunities that can be leveraged as part of a new wetland 
monitoring program.  

4.1. Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring 
(AEMERA-JOSM) 

There are multiple existing datasets and/or monitoring locations that could be integrated into a new 
regional wetland monitoring program once the goals and geographic extend of the new program are 
clearly defined. These include: 

 Water quality and benthic invertebrate data from 25 wetlands in the Peace-Athabasca Delta; 

 Water quality and biological data (population levels, stress responses, and malformations) 
for wood frogs sampled in 21 open water wetlands in and around the Oil Sands region;  

 Information on wetland plant contaminants levels in and around the Oil Sands region; 

 Information of contaminant levels in the tissues of key mammal species in and around the 
Oil Sands region 

 Information of contaminant levels in soils in and around the Oil Sands region 

 Bird point count data, including basic habitat and ecosite information for over 1,200 wetland 
sites (bogs, fens, swamps, and marshes) extending across the minable Oil Sand region; 

 Detailed mapping of songbird and whooping crane habitat use and fitness measures 

 Regional estimates of waterbirds and waterfowl densities, settling rates, and productivity 
across the Lower Athabasca region. 

 Water quality sampling data for acid-sensitive lakes, some of which may meet the definition 
of open water wetlands under the Alberta Wetland Classification System; 
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The AEMERA-JOSM program has also developed new field and analysis tools, in addition to survey 
and sampling protocols that could be integrated into a wetland program, including: 

 Rapid assessment field protocols for benthic invertebrate sampling in wetlands;  

 Laboratory analysis for DNA barcoding to improve the efficiency of identifying benthic 
invertebrates; 

 Detailed protocols and a hierarchical survey design for sampling acid sensitive lakes in and 
surrounding the Oil Sands region; 

 Water quality sampling techniques and laboratory analysis techniques specifically developed 
for tracking Oil Sands related contaminants in 21 ponds surveyed for wood frogs;  

 Water quality sampling and laboratory techniques for sampling Oil Sands contaminants in 
rivers that may be applicable to wetland habitats. 

The existing monitoring programs under the AEMERA-JOSM umbrella span a broad range of 
specialties and disciplines, and these programs rely on strong partnerships with a wide range of 
participating agencies and institutions, including: Environment and Climate Change Canada, Ducks 
Unlimited Canada, University of Alberta, and Keyano College. This established network could 
provide a strong foundation for future wetlands monitoring in the region. 

4.2. Regional Aquatics Monitoring Program (RAMP) 

There may be opportunities to integrate components of RAMP into a new regional wetland 
monitoring program; however, the extent to which this is possible largely depends upon the goals 
and objectives of the new program. RAMP only included a small number of large permanent open 
water bodies in their annual sampling, and there was no clear distinction between lakes and open 
water wetlands in this sampling. Thus, these sites would have to be reviewed to determine whether 
they meet the definition of a wetland under the criteria defined by the new monitoring program. For 
those RAMP sites that do meet the definition of a wetland, there may be more than a decade of 
annual monitoring data available, and this data could include information on water quality, benthic 
invertebrates, sediment quality, and acid deposition. Depending upon the objectives of a new 
program, some or all of the wetland RAMP sites could be adopted as monitoring sites within a new 
monitoring program. 

4.3. Wood Buffalo Environmental Association (WBEA) 

If the new monitoring program is interested in assessing biological uptake of atmospheric pollution, 
many of the components of the most recent short-term wetland research study on bog health should 
be considered. For example, results from this monitoring program suggest that nitrogen 
concentration in Sphagnum fuscum increased over time, and further increased as distance to 
industrial facilities decreased. By monitoring plant tissue chemistry, the increase in nitrogen 
concentration may be used as an indicator of overall wetland health. In particular, if there is 
empirically derived information regarding species thresholds for nitrogen concentration tolerances, 
this monitoring method may allow for early warning of wetland health collapse. This study also 
highlights the potential use of the lichen Evernia mesomorpha as an ecological indicator, as 
elemental uptake of nitrogen and sulphur was shown to increase with increasing atmospheric 
concentrations, which in turn was shown to increase in proximity to oil sands facilities. E. 
mesomorpha also exhibited visible effects of stress in sites closest to oil sands development, and 
with further research, could potentially be used as a visual biological indicator. 
 
Depending upon the objective of a new wetland monitoring program, many of the components of the 
TEEM program could be applicable and adapted to treed wetland habitats. The protocols for 
sampling emissions in jackpine stands could be adapted for treed wetland systems if the effect of 



Wetland Field Monitoring Program Review for Northeastern Alberta 
 – FINAL – 

 
55 

noxious air emissions on wetland vegetation health is a key focus for a new monitoring program. It 
should be noted, however, that preliminary analysis and scientific critique of the initial phase of this 
program indicated that natural environmental variability within sampled sites surpassed that of any 
differences caused by NOx or SOx depositions. This underscores the importance of selecting 
analogous sites, in an effort to measure actual variation caused by oil sands development. Further, 
the protocols applied in the jack pine sites have not been tested in treed bog or fen habitats; 
therefore, it is unclear whether the application of these protocols in these sites would yield desired 
results with respect to reliably detecting the affects of atmospheric deposition.  

4.4. Ecological Monitoring Committee for the Lower Athabasca (EMCLA) 

As the purpose of the EMCLA is to maximize efforts in detecting rare species across the Lower 
Athabasca Region, there are no permanent monitoring sites associated with this program that could 
be integrated into a new monitoring program; however, many components of these programs offer 
valuable monitoring techniques that could be adopted. The use of ARUs to collect species 
vocalization data for long-term monitoring is useful within remote areas where access may be 
difficult, and allows for more comprehensive temporal sampling than can be achieved through 
conventional field assessments. If a key objective of a new wetland monitoring program is to track 
changes in the abundance and composition of vocalizing species such as birds and amphibians, 
adopting or adapting the EMCLA approach to ARU sampling may be a valuable addition to the 
program.  
 
If an objective of the new wetland monitoring program is to assess the long-term effects of industrial 
disturbance on rare vascular plants occurrence or condition, then some or all of the EMCLA rare 
plant survey locations could be incorporated into the new program. Alternatively, the detailed 
vascular plant survey methods used by the EMCLA could be adopted or adapted and used as part of 
a new monitoring program. Further, data that has been collected from this program may prove useful 
in determining wetland indicator species that could be specifically targeted in a new vegetation 
monitoring protocol for assessing wetland condition. Finally, the relationships between industry and 
researchers that have been formed as a part of the EMCLA may also be beneficial in terms of 
identifying wetland monitoring sites that are located on existing leases. Access to these monitoring 
sites has already been granted as part of the EMCLA monitoring program, and integration of these 
sites into a new wetlands monitoring program may be beneficial from the perspective of site access 
agreements.  

4.5. Alberta Biodiversity Monitoring Institute (ABMI) 

The existing ABMI wetland monitoring program has reasonably good coverage of large, permanent 
open water wetlands in the Oil Sand region. Within these wetlands, the ABMI has collected 
environmental and biological data, including information on vascular plants, benthic invertebrates, 
and human disturbance. In addition, the terrestrial monitoring program has reasonably good 
coverage of peatland habitats; however, the terrestrial monitoring sampling was not designed with 
peatland habitats in mind, and thus, this protocol has important omissions that likely limit the 
usefulness of the existing data in the context of a wetland-focused monitoring program.  
  
If the goal of a new monitoring framework is large-scale surveillance monitoring of the impacts of 
human disturbance on wetlands in the Oil Sands region, then the systematic approach to sampling 
used by the ABMI could be adapted to be suitable to examining change at a smaller spatial scale, 
and some of the existing sites could potentially be integrated into a new monitoring program. 
However, site selection for a new wetland monitoring program should be focused on systematic 
sampling of wetland habitats only, and if the objective of a new program is to track change in 
individual wetland habitat types, then the sampling should ensure adequate statistical power for each 
wetland type being monitored. If the goal of a new monitoring program is to track small-scale 
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changes that may result directly from specific human activity, then an alternative sampling design will 
likely be required that focuses on a different scale and frequency of sampling. 

4.6. Canada’s Oil Sands Innovation Alliance (COSIA) 

The Wetlands Working Group established by COSIA is looking to establish coordinated and aligned 
wetland monitoring programs at oil sands facilities that are coordinated with regional monitoring 
initiatives to provide information that is necessary to meet existing regulatory approval requirements. 
While the design of this program is currently on-going, it is apparent that the focus of this program is 
on understanding site-specific change in wetlands that may result from known and unknown 
stressors. Given the focus of this monitoring on understanding change that may be driven by oil 
sands activity (e.g., landscape alteration, air emissions), there are opportunities to align the new 
regional wetland monitoring program with site-specific industry monitoring, which would allow for a 
more efficient and effective use of monitoring resources.  

4.7. Review of Preliminary List of Wetland Indicators 

As part of the development of the proposed monitoring program framework, a preliminary list of 
indicators has been created (ABMI 2016b). This list includes indicators that can only be assessed 
and quantified in the field, indicators that can be assessed in a Geographic Information System (GIS) 
using existing data, and indicators that are well suited to measurement using remote sensing 
approaches. Indicators from this preliminary list that must be measured in the field are listed in Table 
3. It should be noted that this preliminary list of indicators is very broad, and additional work will be 
required to determine the scale at which these indicators will be assessed and measured, the 
metrics related to each indicator, and the data collection methods that will be used to measure these 
indicators in the field. For each of the monitoring programs reviewed in this report, we provide a 
summary of the type and number of preliminary indictors that are currently, or have previously been 
assessed. It should be noted that while some of these indicators have been assessed by existing 
programs, the geographic extent and the types of habitat sampled may not be relevant in the context 
of a new wetland monitoring program.
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Table 3. Summary of the existing wetland field monitoring programs which currently sampling the proposed list of indicators for the new regional wetland monitoring program. 

INDICATOR 

AEMERA-JOSM1 RAMP2 WBEA3 EMCLA4 ABMI5 

Subprogram 1 Subprogram 2 Subprogram 3 
A B C D A B A B A B 

1A 1B 1C 2A 2B 2C 3A 3B 3C 3D 

Aspect                     

Landscape position                     

Parent material                     

Slope                     

Soil type                     

Year                     

Aerial deposition                     

Fish                     

Macroinvertebrates                     

Waterfowl                     

Wetland-associated songbirds                     

Beaver                      

Other fauna species or taxa of interest                     

Vegetation (Vascular plants, mosses, etc.)                     

Wet meadow vegetation                     

Submerged plant zone                     

Submersed aquatic vegetation                      

Phytoplankton                     

Standard hydrological measures                     

Water amplitude                     

Water depth                     

Hydro-period                     

Wet/dry cycles (precipitation)                     

Number of surface inflows and outflows                     

Open water                     

Water quality                     

Light penetration                     

Sedimentation                     

Sediment chemistry                     

Sediment contamination                     

Bulk density of peat                     

Depth of peat                     

Organic component of peat                      

Peat quality and quantity                     

Condition of riparian zone                     

Area of wetland/wetland buffer burned                      

Human activity                     

Evidence of domestic animal activity                     

1AEMERA-JOSM - 1A) Integrated Water Quality & Aquatic Biodiversity Monitoring in Rivers; 1B) Acid Sensitive Lakes; 1C) Deltaic Ecosystem Health; 2A) Hunter/Trapper Wildlife Contaminants & Toxicology; 2B) Impacts of Contaminants on Amphibians; 2C) Plant 
Health & Contaminants; 3A) Status and Trend Monitoring of Listed, Rare, and Difficult-to-monitor Species; 3B) Cause Effects Assessment of Oil Sands Activity on Migratory Landbirds; 3C) Waterfowl Monitoring; 3D) Monitoring of Whooping Cranes. 

2RAMP - A) Water Quality; B) Sediment Quality; C) Acid Sensitive Lakes; D) Benthic Invertebrate Community 

3WBEA - A) Forest Health Monitoring; B) Wetland Monitoring 

4EMCLA - A) Uncommon & Elusive Animal Species; B) Rare Plants 

5ABMI - A) Wetland Monitoring; B) Systematic Monitoring  
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5. Conclusion 

This review of field-based monitoring programs and initiatives in the Oil Sands region reveals that 
lotic systems, and in particular the Athabasca River, its major tributaries, and the Peace-Athabasca 
Delta, are the primary focus of previous and existing aquatic monitoring programs in the region. 
Where monitoring in lentic ecosystems occurs, there is a focus on large, permanent open water 
wetlands, which are far less abundant in northeastern Alberta than other wetland types, such as 
bogs and fens. Moreover, the open water component of wetlands is emphasized in most of the 
existing monitoring programs; for example, invertebrate and sediment quality monitoring previously 
conducted by RAMP and invertebrate sampling conducted by the ABMI has been restricted to the 
open water zone. Within existing programs, small wetlands (<1 ha), ephemeral, seasonal, and 
temporary marsh wetlands, and organic wetlands (bogs and fens) are not being adequately sampled.  
 
Organic wetlands are the most common type of wetland within the Oil Sands region, and these 
wetlands are generally being sampled in an ad-hoc manner. For example, the ABMI includes fen and 
bogs in the terrestrial monitoring program; however, sampling is random, the survey plots can 
include non-wetland components (i.e., upland or human disturbed areas), and the protocols have 
been designed to assess upland habitats. The EMLCA is collecting information in organic wetlands; 
however, this survey methodology is focused on the habitat requirements of rare and threatened 
plant or wildlife species, is not stratified by wetland type, and collects very little data that can be used 
to assess wetland function or condition. While the AEMERA-JOSM program has conducted 
extensive landbird point count surveys across the Oil Sands region, these surveys include very little 
information on wetland habitat condition and other biological taxa, such as vascular and non-
vascular plants. Further, monitoring programs that do sample organic wetlands measure different 
environmental and biological variables, using different methods, and are addressing different 
research and monitoring questions. Finally, while vegetation community composition (both vascular 
and non-vascular) is recognized as a critical anticipatory metric for tracking the impacts of Oil Sands 
development on boreal wetlands (CEMA 2012; Timoney 2015), at present, there is no program that 
specifically monitors wetland plant species composition using a standardized sampling methodology. 
Although there is some existing information about key wetland vegetation communities in the Oil 
Sands region, in general there is insufficient data for most organic wetland communities, and for the 
full hydrological range of mineral wetlands. 
 
While there are major gaps in existing wetland monitoring programs, there are elements of existing 
programs that could potentially be integrated into, or could inform the development of, a new 
monitoring program. For example, the deltaic ecosystem health program in the Peace-Athabasca 
Delta samples a broad range of mineral wetland types, and has pioneered a new field sampling and 
analysis techniques for macroinvertebrate sampling. The EMCLA sampling program for rare plants 
could provide useful information on the vegetation composition of some organic wetland types, and 
as such, could be used in the development of vegetation community indicators. Moreover, as water 
quality research on metals, organics, and PAH’s in wetlands has been conducted by multiple 
AEMERA-JOSM programs since 2011, this initial research may aid in developing these 
measurements into wetland indicators in the future. Aerial deposition of contaminants has been 
identified as a critical driver of Oil Sands impacts (CEMA 2012), and the TEEM program has 
developed robust methodologies for sampling anthropogenic emissions of acidifying compounds, 
such as SO2 and NOx gases, in forested environments that could be extended to treed organic 
wetland ecosystems. Finally, COSIA is presently engaged in developing an integrated and 
coordinated wetland monitoring program, with a focus on monitoring known stressors associated 
with oils sands activities. Given that one of the stated goals of a new wetland monitoring program is 
to detect site-specific change in wetland condition, with the objective of attributing that change to 
specific anthropogenic activities or natural environmental effects, there are opportunities for aligning 
the new monitoring program with the work currently being done by COSIA. This would allow for a 
standardization and coordination of efforts that would lead to more scientifically robust and 
transparent monitoring program throughout the region.  
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