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REPORT SUMMARY
The Alberta oil sands region contains one of the world’s largest oil deposits, estimated at
1.7 trillion barrels. Development in this region can have negative effects for aquatic species,
governed under Canada’s Fisheries Act. The Fisheries Act allows the possibility for offsetting
losses in fisheries productivity, e.g., through the creation of compensation lakes. Offsetting
strategies are becoming increasingly important for large-scale developments such as mining
operations in the oil sands region; they allow for development while ensuring that the project has
‘no net loss’ in fisheries productivity.
In 2012, omnibus Bill C-38 fundamentally changed large sections of the federal Fisheries Act.
The focus of fisheries management was shifted from the protection of fish habitat in general to
ensuring the ongoing productivity (FP) of fish important to commercial, recreational and
aboriginal (CRA) fisheries. Further, the changes formalized the use of offsetting strategies to
compensate for damage to fish caused by development.
The changes marked the move from the fisheries habitat management program (FHMP) as
implemented prior to 2012, to the fisheries protection program (FPP). The goal of the FPP is to
“provide for the sustainability and ongoing productivity of commercial, recreational and
Aboriginal fisheries”. Lack of standardized protocols and procedures following a shift of this
magnitude could not only result in considerable additional expenses for industry, but also in less
reproducible and so less reliable results. Rapid standardization of best practices and data
collection methods would help ensure cost-efficient, meaningful and transferable data.
Currently, these best management practices are being determined through an ongoing process
involving Fisheries and Oceans Canada (DFO), industrial partners and government officials.
The aim is to define a standard set of indicators for use under the FPP framework and assess
which models may suitable for forming the link between data sets and long-term projections for
whole-population productivity.
The interpretation of the changes to the Fisheries Act has been subject to controversy, making
concise and publically available information important. Numerous scientific advisory reports
have been published by DFO. However, there is currently a shortage of documents that give an
overview over the scientific background necessary to understand how the changes may affect
management practices, taking into account knowledge gaps and limitations in terms of data
collection techniques. In this report, we will review existing monitoring tools as well as how the
changes in policies associated with the shift from the FHMP to the FPP may affect management
protocols.
Under the FHMP, the conceptual endpoint for assessing the impacts of development on fisheries
was to achieve no net loss of the productive capacity of fish habitat (PC). Habitat was quantified
mainly by area, and the success of an offsetting project was often determined mainly through
acceptable installation. Methods in use under the FHMP provided only approximate values for
PC.
For a meaningful planning, measurement and monitoring protocol that can help ensure fisheries
productivity under the FPP, it may be necessary to move away from the previous practice of
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managing fish habitat in Canada based on the use of FP as a theoretical concept only. As
productivity in itself is difficult to measure directly, it is necessary to find appropriate indicators
that can link changes in the components of productivity of individual fish or subsections of
populations to changes in population-level fisheries productivity. We have compiled a list of
indicators that may be used for estimating productivity of fisheries populations.
Solid measurements of fisheries productivity require repeated monitoring protocols extended
over multiple years as well as a broadening of the definition of habitat affected by development.
The financially and ecologically prohibitive nature of obtaining comprehensive, long-term data
sets may make models an essential tool for linking limited data on subsets of populations with
whole-population productivity and long-term projections. However, the trade-off between
strength of model predictions and quality and quantity of data may make it a challenge to strike
the balance between data needs for accurate predictions and financial feasibility.
In using knowledge-based standards for planning and executing compensation lake development,
a key parameter to evaluate would be the carrying capacity of various compensation lake
ecosystems. It may be a challenge to ensure an appropriate agreement between offsetting
indicators and environmental assessment indicators, as established ecosystems are compared
with populations in the process of establishing in a newly expanded habitat. On the other hand,
lack of density dependence in the early establishment phase gives good possibilities for
providing solid estimates of intrinsic growth rate of the populations within this specific habitat.
Future research should be conducted for areas characterized by intensive development to create
models that allow for robust estimates of productivity based on limited and specific indicators
that are manageable to measure. As factors limiting fisheries productivity vary between species,
habitats and regions, it is likely that this would have to occur through the development of models
specific for the given habitats and geographical areas.
If the drivers of the ecosystem in question are not well studied, the most cost-effective and
ecologically sound way of implementing the FPP may be to adopt the management practices of
the FHMP largely unaltered, but with the interpretive end goal shifted to FP. This would only
require a mandatory inclusion of population level data in the monitoring protocols, and an
extended monitoring period of several years. All of this constitutes protocols already in use
under the FHMP. Though much work has been done on measuring and modelling the
productivity of fish populations, it has proven difficult or impossible to find simple, reproducible
techniques that can be applied across habitat types and ecosystems. In our opinion, the best
predictors for fisheries productivity remain the quantity and quality of available fish habitat
combined with abundance, size structure data and species composition within the given habitats.
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1

SCOPE

New and updated offsetting guidelines are currently being developed due to the need for
determining best management practices and standardizing data collection methods with respect
to the changes to the Fisheries Act. Such guidelines will act as tools for proponents responsible
for assessing and offsetting the potential impacts of development projects. Further, the
controversial nature of various interpretations of the Fish Productivity Protection (FPP)
framework requires material that can serve as a base for a more comprehensive discussion of
suitable project implementation procedures.
This report aims to provide an overview of policy changes as well as the scientific background
relevant for assessing how to put the policies into practice. We aim to provide generally
available information in a comprehensive but concise form that can be used as background
information in the ongoing discussion on the appropriate interpretation and implementation of
the changes. We do this by reviewing policies as well as procedures and protocols as applied to
the Fish Habitat Management Program (FHMP). We evaluate how the updated policies will shift
planning and monitoring needs under Fish Productivity Protection framework. The aim is not to
provide a comprehensive analysis of currently used protocols and requirements, nor to dictate
management practices. Instead, we aim for this report to serve as a document that can be used in
evaluating our current state of scientific knowledge as it relates to present and past policies for
ensuring the productivity and sustainability of freshwater fisheries in Canada. As such, it is our
hope that it may be used by professionals as one of a number of tools available for assessing
current scientific knowledge relevant for determining best management practices. Further, we
hope that it may be of use to researchers as an aid in planning future research initiatives and to
members of the public interested in the scientific background for the ongoing discussion on the
changes to the Fisheries Act and offsetting strategies.
2

INTRODUCTION

The Alberta oil sands region contains one of the world’s largest oil deposits with a total
estimated volume of bitumen of 1.7 trillion barrels (Fung and Macyk 2000). This region is
located in the boreal forests of Northern Alberta, an area rich in natural wetlands. As such,
development of the oil sands region has the potential to destroy fish habitat and other wetland
features that provide valuable ecosystem services.
Offsetting measures have become increasingly important over the past twenty years, as they
allow for development while ensuring the no net loss in fish habitat productive capacity required
by the Department of Fisheries and Oceans’ (DFO) habitat protection policy (Department of
Fisheries and Oceans 1986). The ongoing and expanding development of Canada’s oil sands
region, in particular, have benefitted from the possibility for offsetting losses through the
creation of compensation lakes1 as well as other habitat improvement measures.

1

See, for example, http://www.cnrl.com/corporate-responsibility/our-people/environmental-initiatives/arcticgrayling-habitat-enhancement-at-horizon-lake.html
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Recently, the changes to the Fisheries Act due to the passage of the omnibus Bill C-38 shifted
the end goal of fisheries management from no net loss of fish habitat productive capacity (PC) to
no net loss of fisheries productivity (FP). The shift could potentially cause changes to best
management practices related to off-setting measures, for instance with respect to creating and
monitoring compensation lakes.
2.1

Bill C-38 Changes to the Fisheries Act

In 2012, the passage of the omnibus Bill C-38 legislated provisions that fundamentally changed
large sections of the federal Fisheries Act (Government of Canada 2014) 2. Box 1 presents the
most important changes to key habitat protection provisions as applied to fisheries management
through offsetting.
With the change in clause 35, the focus of fisheries management was shifted from the protection
of fish habitat in general to ensuring the ongoing productivity of fish important to commercial,
recreational and aboriginal (i.e., CRA) fisheries, as well as the fish that support such species.
The removal of clause 32 reduced the severity of causing the death of fish; however, the
definition of “serious harm” as used in clause 35 did include the killing of fish if this was not
compensated for in other ways (Box 2). The addition of clause 6 formalized the use of offsetting
strategies already widely employed in the industry to compensate for such serious damage
caused to fish by development.
The changes to the Fisheries Act in part represent a formalization of management practices
already in use throughout Canada, though the interpretation and implementation of the
amendments have been subject to considerable controversy (Hutchings and Post 2013). Extracts
of key policies outlining the official interpretation of the Fisheries Act as defined by DFO
following the Bill C-38 changes are presented in Box 2 and Box 3. These policies mark a
change from the fisheries habitat management program (FHMP) as implemented prior to 2012,
to the fisheries protection program (FPP) to be implemented in the future (Department of
Fisheries and Oceans 2013b, c)

2

For more on the changes to the Fisheries Act and other federal legislation see Howlett, M. and J. Craft, 2013.
Application of Federal Legislation to Alberta’s Mineable Oil Sands. OSRIN Report No. TR-33. 94 pp.
http://hdl.handle.net/10402/era.31627
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Box 1
Amendments to the Fisheries Act as a result of Bill C-38:
Changed:
Prior to the amendment: 35 (1) No person shall carry on any work or undertaking that results
in the harmful alteration, disruption or destruction of fish habitat.
After the amendment: 35 (1): No person shall carry on any work, undertaking or activity that
results in serious harm to fish that are part of a commercial, recreational or Aboriginal fishery,
or to fish that support such a fishery.
Removed:
Killing of fish
32. (1) No person shall kill fish by any means other than fishing.
Exception
(2) No person contravenes subsection (1) if the killing of fish […]
(b) is done in accordance with the regulations;[…]
(e) is done as a result of doing anything that is authorized, otherwise permitted or required
under this Act.
Failure to comply with conditions
(3) Every person who fails to comply with a condition imposed under any of paragraphs (2)(a)
to (d) […] a fine of not more than $100,000 […].
Added:
6. Before recommending to the Governor in Council that a regulation be made […] the
Minister shall consider the following factors:
(c) whether there are measures and standards to avoid, mitigate or offset serious harm to
fish that are part of a commercial, recreational or Aboriginal fishery, or that support such a
fishery […]
6.1 The purpose of section 6, and of the provisions set out in that section, is to provide for the
sustainability and ongoing productivity of commercial, recreational and Aboriginal fisheries.

9

Box 2
Selected excerpts of the Fisheries Protection Policy statement:
7.2 Goal
The goal of the Department in applying this Fisheries Protection Policy is to provide for the
sustainability and ongoing productivity of commercial, recreational and Aboriginal fisheries.
8.1 Scope of application of the prohibition (Section 35)
The prohibition against serious harm to fish applies to fish and fish habitat that are part of or
support commercial, recreational or Aboriginal fisheries.
Fish that support these fisheries are those fish that contribute to the productivity of a fishery
(often, but not exclusively, as prey species).
8.2 Serious harm to fish (Section 35)
The Department interprets serious harm to fish as:
• the death of fish;
• a permanent alteration to fish habitat of a spatial scale, duration or intensity that limits
or diminishes the ability of fish to use such habitats […] to carry out one or more of their
life processes;
• the destruction of fish habitat of a spatial scale, duration, or intensity that fish can no
longer rely upon such habitats […] to carry out one or more of their life processes.
8.4 Factors to be considered (Section 6)
For projects likely to cause large-scale impacts on the quantity or quality of fish habitat,
metrics of productivity should be chosen based on the type of impact. These include metrics
of productivity related to habitat area or metrics related to components of productivity that
are linked to the life cycle of the fish.
Very large-scale impacts that are likely to result in ecosystem transformation will require the
most detailed estimates of impacts to productivity, likely involving quantitative fish
population models.
Proponents are responsible for documenting and providing information such that an analysis
describing the contribution of relevant fish may be undertaken. This analysis will help
inform how the project may affect the relevant fisheries management objectives (factor 6b)
and the amount and type of avoidance, mitigation and offsetting measures required (factor
6c).
c) Measures or Standards to Avoid, Mitigate, or Offset Serious Harm to Fish
[..] When avoidance is not possible, then efforts should be made to minimize (mitigate)
impacts caused by the project in question. After these actions, any residual impacts would
normally require authorization and should then be addressed by offsetting.
Offsetting
[…] An offset measure is one that counterbalances unavoidable serious harm to fish resulting
from a project with the goal of maintaining or improving the productivity of the commercial,
recreational or Aboriginal fishery. Offset measures should support available fisheries
management objectives and local restoration priorities.
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Box 3
Selected excerpts of the Fisheries Productivity Investment Policy:
Offsetting Measures
[…]When determining the location for offsetting, offsets that occur within the vicinity of the
project or within the same watershed are preferable. […]Offsetting measures could be
undertaken in water bodies or for fish species other than those affected by the project, provided
the measures are supported by clear fisheries management objectives […].
2.2 Guiding Principles
Principle 1: Offsetting measures must support fisheries management objectives or local
restoration priorities.
Offsets should be designed so they contribute to the objectives identified in fisheries
management plans, where such plans exist. […]
Principle 2: Benefits from offsetting measures must balance project impacts.
Offsets should be scaled such that they are proportional to the impacts caused by the project.
Offsets are more likely to successfully balance losses when they benefit the specific fish
populations in the geographic areas affected by a proposed development project or activity.
With an “in-kind” approach to offsetting, the habitat that is destroyed or permanently altered is
replaced by the same quantity and quality of the same type of habitat, with additional habitat
offsetting required to account for uncertainty and time lags. […]With an “out-of-kind” approach
to offsetting, offsetting measures target the factors limiting productivity in a given area by means
other than replacing what has been lost. It can be more complicated to measure […]
Principle 3: Offsetting measures must provide additional benefits to the fishery.
[…] means that benefits to the fishery are caused by offset actions and not by other factors [...]
Principle 4: Offsetting measures must generate self-sustaining benefits over the long term.
[…] The offset benefits to the fisheries should last at least as long as the impacts from the
development project.
Habitat Creation
When habitat creation is proposed to offset habitat losses, it must be reasonably expected that
replacing the destroyed habitat with the same kind of habitat in the project area will maintain
current productivity. Changing one habitat feature for another should be considered only when
there is sufficient knowledge to be reasonably confident that the change in habitat will improve
productivity.
Habitat Banking
A proponent-led habitat bank is a formalized approach for creating offsets […] in advance of a
project’s impact. […]The benefits accumulated in the habitat bank are counted as credits, while
serious harm to fish caused by a project or projects are considered debits. A proponent that has
established the bank may “withdraw” credits from the habitat bank to offset the serious harm to
fish resulting from their project.
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3

THE FISH HABITAT MANAGEMENT PROGRAM (FHMP)

One of the main purposes of the fish habitat management program was to lay out the principles
that allowed DFO to review the extent to which development would cause adverse impacts to
fish and fish habitat. When issuing an authorization, the FHMP allowed for a framework within
which to negotiate a compensation plan designed to offset loss of fish habitat and fisheries
productivity and monitor its implementation (Golder Associates 2004, 2012, 2013, Minns et al.
2011).
Under the FHMP, the conceptual endpoint for assessing the impacts of development on fisheries
was the productive capacity (PC) of the fish habitat (Goodchild 2004). Already prior to the 2012
amendments to the Fisheries Act, it was a guiding principle in the policy for management of fish
habitat (Department of Fisheries and Oceans 1986) that there should be no net loss (NNL) in the
productive capacity of fish habitat and fish populations important to fisheries (Department of
Fisheries and Oceans 1986, Golder Associates 2012, Minns et al. 2011). PC was defined as: “the
maximum natural capability of habitats to produce healthy fish, safe for human consumption, or
to support or produce aquatic organisms upon which the fish depend” (Department of Fisheries
and Oceans 1986).
The importance assigned to productive capacity was due in part to its critical role when
evaluating the maximum sustained harvest rates of fisheries species within a system (Barman et
al. 2013, Holey and Trudeau 2005), and in part to its importance in ensuring long term stability
in population dynamics (Lapointe et al. 2014, Minns et al. 2011). Hence, the concept of
productive capacity was central to DFO’s habitat management activities.
3.1

Methods for Monitoring Productive Capacity

In their 2011 synthesis on approaches for assessing PC, Minns et al. (2011) identified following
general methods in use at the time:


Individual metrics and vital rates: Were based on direct measurements of specific
parameters for the relevant fish populations, obtained as outlined in Table 1. These
were used as indicators to calculate PC, see section Table 2.



Habitat-based methods: Measured physical habitat features that could be used to
assess effects of habitat change. They did not directly measure PC, but were used
extensively to guide fish habitat management decisions. They could broadly be
divided in to four categories: hydrological methods, hydraulic rating curves, habitat
simulation models and defensible methods. They have all been used to some degree
to assess impacts of human development of fish habitat in Canada. Defensible
methods (Minns and Nairn 1999) is the only habitat simulation model (see Table 3)
that was specifically created to provide a scientifically robust approach to FHMP.
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Table 1.

Techniques commonly employed in obtaining data for fish population monitoring and assessment.

Technique

Application

Advantages

Disadvantages

References

Gill net

Analyze community structure
Monitor and assess
populations
Determine fish distributions in
lakes and reservoirs
Fish depth distribution studies
Individual metrics

Easy to use, requires little training
Simple in design and construction
Can be used in most habitats with
sufficient unobstructed water depth,
and low current
Can be used in multiple depths
Widely used in monitoring programs,
has standard methods developed and
linked to factors of interest to
managers (e.g., recruitment, fish
density, population structure)

High mortality rate
Highly selective
Efficiency decreases over time (gear
saturation)
Efficiency will vary with time of day,
and target species
Not effective for catching sedentary
fish
Standardizing catches from multiple
net set with different mesh sizes and
set times can be complex
Capture and mortality of non-target
fish species (bycatch) likely

Fisheries Techniques
Standardization 1992
Hubert and Oshea
1992
Portt et al. 2006
Spangler and Collins
1992

Trammel net

Similar to gill net

Similar to gill netting advantages
Can provide reliable estimates of total
harvest of commercial species from a
water body

Similar to gill net disadvantages, less
size selective, lower mortality
Lower precision in calculated catchper-unit-effort relative to gill net
Not widely used for population
estimates

Coggins et al. 2006
Collins et al. 2002
Fabi et al. 2002
Fisheries Techniques
Standardization 1992
Guy et al. 2009
Portt et al. 2006

Hoop, fyke or
trap nets

Targets fish attracted to cover,
bait and other fish
Monitor and assess fish
populations
Studies of habitat use
Individual metrics
Often used in conjunction
with mark-recapture methods

Little or no harm to fish; bycatch can
be released unharmed
Can be used in a variety of habitat
types (lentic, lotic)

Species and size selective based on net
dimensions and location
Catch per unit effort is influenced by
factors such as water temperature,
turbidity and water velocity, etc.
Lower catch rates compared to gill
netting
Catches can have high variability
It is possible for fish to escape

Coggins et al. 2006
Gerhardt and Hubert
1991
Portt et al. 2006
Smith and Hubert
1989

Passive Capture Methods
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Technique
Minnow traps

Application
Monitor and assess fish
populations
Community assemblage
assessments
Studies of habitat use
Individual metrics

Advantages

Disadvantages

References

Traps are typically small and easily
transportable
Where diversity of small bodied fish is
high, minnow traps can be more
effective than gill nets and trap nets
Can be set in dense cover
Little or no harm to fish

Typically limited to small bodied fish
It is possible for fish to escape

Bryant 2000
Fisheries Techniques
Standardization 1992
Portt et al. 2006

Active Capture Methods
Electrofishing

Population density and
structure assessments
Community structure analyses
Life history studies
Can be used with markrecapture methods and
removal/depletion methods
Individual metrics

Can sample a wide range of habitats
(varies with type of electrofisher –
backpack, boat, etc.)
Highly efficient
Can sample a wide range of species
Does not require fish to be moving
Low mortality rates
Widely used in fisheries management

Requires training and certification
Could pose risk to operators and fish
if not operated properly
Somewhat size and species selective
Efficiency is dependent on netting
ability of crew
Backpack, and shore unit
electrofishers are limited to use in
wadeable areas

Fisheries Techniques
Standardization 1992
Portt et al. 2006

Angling

Procuring live specimens for
radiotelemetry studies
Obtaining tissue samples
Relative abundance and size
structure analyses
Can be used with markrecapture methods
Individual metrics

Gear is portable and activity is not
labour intensive
Can take advantage of efforts by
recreational anglers

Efficiency is highly variable and
dependent on fish behaviour and skill
of angler
Difficult to standardize sampling
effort

Campana et al. 2006
Fisheries Techniques
Standardization 1992
Gabelhouse Jr and
Willis 1986

Seining

Estimate fish assemblage
composition and species
richness
Population density and
structure assessments
Individual metrics

Little or no harm to fish
Simple method to sample large area in
short time

Can be challenging in presence of
obstructions (rocks, woody debris,
macrophytes)
More likely to catch mid-water
species rather than benthic
High variability between hauls can
exist

Fisheries Techniques
Standardization 1992
Portt et al. 2006
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Technique
Trawls

Application
Most common sampling gear
in marine/estuarine habitats
Quantitative indices of
population estimates
Used to obtain fish for age,
growth, diet and tissue studies,
as well as in combination with
mark-recapture techniques

Advantages

Disadvantages

References

Samples a discrete area or volume
over specified time

Cannot be used with obstructions
present
Requires powerful boats to tow

Fisheries Techniques
Standardization 1992

Population Estimate Methods
Mark-recapture

Population estimates
Survival

Widely used
Provides accurate and robust estimates

Time intensive
Requires resampling
Depends on efficiency of fish capture
techniques (e.g., electrofishing,
seining, trapping)

Gresswell et al. 1997
Peterson and
Cederholm 1984

Removal
/depletion

Population estimates

Widely used
Provides accurate and robust estimates

Time intensive
Depends on efficiency of fish capture
techniques (e.g., electrofishing,
seining, trapping)

Bryant 2000
Peterson and
Cederholm 1984
Zippin 1958

Non-destructive/invasive
Can access extreme depths that would
not be accessible by a diver
Provides a permanent record
Fairly accurate fish measurements can
be determined using stereo-video

Impacted by visibility (turbidity,
cover, light)
Absolute density is not possible to
measure because of possible recounts
Selectivity towards fish that do not
rely on cover
Inclusion of bait introduces more bias

Fisheries Techniques
Standardization 1992
Harvey et al. 2002

Observational Methods
Videography

Relative abundance
Species composition
Fish length (individual)
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Technique

Application

Advantages

Disadvantages

References

Observation by
snorkeling or
scuba diving

Determine specific habitat
relationships
Abundance, length
(individual) and species
composition data

Requires less time than removal
methods used with electrofishing
No harm to fish

Not possible in extremely shallow
environments or extremely high
velocity water
Impacted by visibility (turbidity,
cover, light)
Observer must be able to identify
species visually
Accuracy declines in high densities
Fish behaviour may be influenced by
presence of diver
Large room for human error and
variability between divers
Measurements of fish are not direct

Cunjak and Power
1986
Fisheries Techniques
Standardization 1992

Hydroacoustics

Presence/Absence
Stock assessments
Fish biomass and size
Spatial distribution

Non-destructive/invasive
Large area can be covered
Does not rely on or influence fish
behavior
Non-selective in data collection

Echogram interpretation may vary
between analysts
High error associated with high
densities of fish, or fish located near
substrate
Does not provide reliable speciesspecific data
No individual metrics

Fisheries Techniques
Standardization 1992
Sutherland 2000
Thorne 1983

16



Population-based approaches: Traditionally used to measure fish responses to
habitat changes. They could be anything from simple estimates of change in
abundance to stock-recruitment relationships to complex habitat-population models
(see Table 3). Abundance methods largely represented partial or surrogate
indicators, whereas rate-adjusted methods were thought to be more complete. As the
complexity of approach increased, the need to rely on assumptions and so the
uncertainty decreased, but at the cost of increased data requirements.



Community- and ecosystem-based approaches. Were based on fish community
measures such as species richness, community biomass and productivity,
composition (e.g., fish trophic composition) and interspecies distribution, as well as
sometimes measurements of ecosystem characteristics (Minns et al. 1996, Quigley
and Harper 2006).

Although habitat based methods were listed as one of several approaches in the above list, they
were in reality the foundation for most analyses and management practices under the FHMP.
Assessments of loss or gain in the productive capacity of fish habitat and fisheries populations
were often largely based on quantifications of habitat area and indicators for quality. In largescale developments such as those that occur in the oil sands region, however, requirements were
often more comprehensive. In cases such as these, individual metrics and population-level
approaches were drawn in as a secondary measure for quantifying the productivity of fish per
unit habitat area (Golder Associates 2004, 2012, 2013, Minns et al. 2011).
The productive capacity of the fish populations contained within the habitats was estimated
based on individual metrics and population based approaches. The fish populations were
sampled using standard collection methods (see Table 1), and were done on a seasonal basis.
The assessment of the data was based on a catch per unit effort analysis. From this, an estimate
was made of the productivity of each population, multiplied up to relevant scale (Golder
Associates 2004, 2012, 2013). Seasonal migrants that relied on the given habitat for only part of
their life cycle were included in the considerations.
The monitoring protocols required for assessing the key components related to the productive
capacity of fish populations and habitats could roughly be divided into four tasks (Minns et al.
2011):
1.

Establish a frame of reference by identifying the key characteristics of the ecosystem
and the habitat, quantifying the relative extent of each habitat type identified within
the ecosystem and assigning weights and life stages to fish present in the habitat.

2.

Apply specified measurement to obtain an estimate of the productive capacity of the
ecosystem. The sum of all data obtained on e.g., fish abundance, size and life stages
(see Table 1) as well as on habitat types and quality can be used to gain an estimate
of total PC.

3.

Use data gained above to analyze how best to execute a specific development project
so that loss in PC is minimized or avoided. This can be done through a net change
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assessment applied to various scenarios as part of the design process, something that
should lead to a preferred option that prevents net loss or minimizes losses when
unavoidable.
4.

Identify sources of uncertainty and variation with respect to the net change
assessment due to e.g., cofactors related to the habitat characteristics or interactions
and feedback mechanisms among organisms of the ecosystem.

Because of the inherent errors associated with available sampling protocols (Table 1) as well as
issues related to the link between indicators and productivity (Section 4.1.5, Table 2), methods in
use under the FHMP provided only approximate values for PC. Sources of error were less of a
concern because of the general practice of quantifying habitat mainly by area. Indicators were
required to a lesser extent because post-monitoring programs often judged the effectiveness of a
compensation project on whether it had been properly installed and currently contained viable
fish populations. The more difficult to obtain projections of long-term sustainability of the fish
habitat were rarely included in the required considerations.
3.2

Requirements of PC Measurements in the Authorization Process

Once development had been approved, conditions of the Authorization provided specific
directions regarding the measures to be used for assessing the extent of fish habitat productive
capacity loss. The purpose of this was to determine the required offset (i.e., compensation) with
respect to fish habitat productive capacity.
With respect to large-scale developments such as those undertaken in the oil sands region,
however, requirements can often be more comprehensive. For example, in the case of the
Horizon Lake – a compensation lake project in the oil sands area – requirements for
compensation habitat were based on the following assessment of the loss in net PC (Golder
Associates 2012):
“The fish habitat losses will be calculated as surface areas of fish habitat presented in
Article 8.0 multiplied by expected annual biomass production. The fish habitat gains will
be calculated as surface areas of constructed compensation habitat multiplied by
expected annual biomass production. Areas defined as lost are defined in Article 8.0.”
Article 18.3.1 of the Authorization further specified that:
“The average annual fish biomass production per unit area for all species in the water
bodies being sampled shall be determined by measuring biomass and growth rates and
undertaking population estimates for each species”.
The concrete data required for these estimates included long-term monitoring of abundance and
species composition of fish at different times of the year, measured through the sampling
strategies outlined in Table 1. By determining the quantity and quality of the habitats as well as
key population characteristics of the species present, it was possible to provide an estimate of the
productivity of each population and multiply up to the applicable scale (Golder Associates 2004,
2012, 2013). Hence, though the focus of FHMP was on fish habitat protection, fish population
productivity formed an integral part of the management process in the oil sands region.
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3.3

Challenges in Measuring PC

The majority of habitat assessment models in use under the FHMP could be parameterized with a
relatively small set of biophysical data and fisheries survey information. The most common
minimum survey requirements included standard physical features, site-specific assemblages,
BACI (before after control impact) sampling design, population size estimates and individual
fish morphometrics (Minns et al. 2011). Though studies tended to show a good correlation
between habitat quality or quantity and productivity (Lapointe et al. 2014), the assumption of a
linear relationship may at least in some cases be invalid (e.g., Rose 2000).
4

INDICATORS FOR MEASURING PRODUCTIVITY

Fisheries productivity was defined by Randall et al. (2013) as “the sustained yield of all
component populations and species and habitats which support and contribute to a fishery.” As
productivity in itself is difficult to measure directly, it is necessary to find appropriate indicators
that can link changes in the components of productivity of individual fish or subsections of
populations to changes in population-level fisheries productivity (Table 1 and Table 2).
Determining appropriate indicators is difficult due to inherent errors associated with any of the
data collection methods (Table 1) as well as the complex causative factors governing
productivity rates of various species co-existing within a habitat (Bradford et al. 2014, Holey and
Trudeau 2005, Mills et al. 2005).
Though simple metrics such as abundance, biomass and fish size tend to be assumed to provide
robust estimates of FP, the link to fish productivity may not necessarily be straight forward (Shin
et al. 2010). It is important to determine the extent to which indicators have assistive or
synergistic relationships, or alternatively could overwhelm the effect of others. Direct density to
productivity correlations are often confounded by factors such as the change in environmental
parameters, e.g., temperature (Botsford et al. 2014, Fulton et al. 2014, Kielbassa et al. 2010), or
by complex and unpredictable community interactions (Blanchard et al. 2014, Hammar 2014,
Ingels et al. 2014). Further, these approaches rarely account for differences in how various
environmental parameters affect the components of productivity of all life stages of different
species.
Prior to the 2012 amendment, most fish habitat management in Canada was more often based on
the use of FP as an abstract concept than a concrete, measurable quantity. Indicators were not
necessarily required under the FHMP; it was in many cases considered an acceptable practice to
judge post-monitoring programs based on appropriate installation combined with basic
abundance estimates (Minns et al. 2011). It was generally assumed that there was a direct link
between abundance and habitat quality (e.g., generalized linear models, Table 23, Minns et al.
2011), or between abundance and habitat quantity. Sources of error related to productivity
estimates were less of a concern since fish habitat was quantified mainly by area.
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Table 2.

Indicators used for estimating components of fisheries productivity.

Indicator

Used to estimate

Relevance for compensation lake
systems

Potential issues

Abundance
and biomass

Population growth rates
through P:B or time series
analysis; particularly
effective during the
recovery/establishment
phase.
Population productivity.

Provides good data for relative growth
rates and productivities of different
fish species in recovering or recently
expanded/created wetlands where
population sizes are increasing.

Difficult measure; data often
imprecise.
Density dependence and
environmental fluctuations can make it
a poor indicator for population
productivity in established
populations.

Fulton et al. 2004
Lambert 2011
Randall et al. 2013

Spawner
density

Egg production.
Population productivity.

May be a more robust indicator for
population productivity than general
abundance, especially when using
ecosystem-based models.

Difficult to measure.
May not be directly correlated with
population productivity due to density
dependence at other life stages.

Fulton et al. 2004, 2005

Growth rate

Quality of the environment
as it pertains to the
individual species.

Aids in determining the productivity of
the specific CRA species within the
given environment.

Data difficult to obtain: requires markrecapture techniques.
Can give unrealistic estimates.

Botsford 1981
Gilliers et al. 2006
Wenger et al. 2012

Body size

Biomass, fish condition,
parameters to use in the
van Bertalanffy growth
model and life stage
models.

Moderately robust indicator when
thresholds include age-specific sizes,
or when used as part of a suite of
indicators.

Natural variation and density
dependence can lead to unpredictable
relationships.
Monitoring time ≤5 years typically too
short to detect significant changes.

Fulton et al. 2004
Thorson et al. 2012
Woodward et al. 2010

Body
condition

Health and potential
productive capacity of
individual fish.

If temperature is included when using
this metric, it may be useful when
comparing populations of one species
among different sites within the same
year.

In many studies, it has been shown to
be a poor or inconsistent indicator in
field evaluations.
More successful in laboratory settings.

Hering et al. 2006
Lambert 2011
Uusi-Heikkila et al. 2011

Age
structure

Year-class variability in
recruitment.

Gives very robust data for population
assessments.

Requires lethal and work-intensive
sampling techniques.

Everhart and Youngs 1981
Isely and Grabowski 2007
Pope et al. 2010
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Indicator

Used to estimate

Relevance for compensation lake
systems

Potential issues

References

Gonadal
somatic
index

Effect of habitat change on
a population’s reproductive
investment.

Can be used to assess the potential
reproductive capacity of individual
fish in the given habitat.

Require lethal sampling.
Is associated with a high coefficient of
variation, so potentially imprecise.
Species- and sex specific.

Dutil et al. 2006
Faller et al. 2003
Lester et al. 2004

Mortality

Growth and potential
harvest rates, as it forms
the basis of most harvest
models.
Key parameter in the
Leslie Matrix model.

Useful indicator when calculating
population-level productivity if
obtained with adequate accuracy.

Difficult to measure.
Typically requires comprehensive
mark-recapture procedures.

Arnason and Mills 1987
Dunlop et al. 2007

Egg, larval
and juvenile
mortality

Population productivity
and growth.

Generally shown to be a robust
indicator of population growth.

Difficult and labor intensive to
measure, requires intensive surveying
through cohorts and years.

Dunlop et al. 2007
Fulton et al. 2004
Velez-Espino and Koops
2009a,b

Change in
trophic level

Change in prey
availability.
Habitat quality for the
specific species.

Can be used to assess whether the
productivity of forage species is in line
with the needs of the CRA fish.
Useful in large, ecosystem-level
developments.

Unclear how change in trophic level is
reflected in change in productivity.

Fulton et al. 2004
Patrick et al. 2010
Perez-Dominguez et al.
2012

Tissue and
blood
chemistry

Stress response.
Environmental toxicity
levels.

Can be used to check for toxicity
issues in newly established and/or
potentially polluted environments.

Stressors may not contribute
significantly to reduction in
productivity due to influence of
confounding parameters, e.g., density
dependence and fecundity.

Adams 2002
Adams et al. 1993
Segner 2011

Disease

Declining water quality.
Potential contamination.

Though difficult to interpret in itself,
disease is a red flag showing that other
indicators and habitat parameters need
to be assessed.

Difficult to identify the specific
problem since it is often a result of
cumulative effects.
Difficult to scale up to population
productivity.

Blazer et al. 2010
Wedekind et al. 2010
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In large-scale developments, however, the evaluation of PC was in reality often based on an
additional assessment of the productive capacity of the individual species sustained by the
habitat, similarly to what is needed to assess FP (Barman et al. 2013, Department of Fisheries
and Oceans 1986, Golder Associates 2004, 2012, 2013, Minns et al. 2011). The use of a number
of specific indicators were developed and required for approval of the project under the
authorization process (see section 3.2). The indicators for productivity that were used either
frequently or occasionally under the FHMP are summarized in Table 2.
With the shift to the FPP, an increased and more consistent use of indicators might be required to
provide long-term projections for the project’s ability to ensure no net loss in fisheries
productivity. As such, it may be critical to understand potential sources of uncertainty associated
with the given indicators (Bradford et al. 2014, Department of Fisheries and Oceans 2014a,b,
Randall et al. 2013). Currently, no standard set of indicators has been defined for use under the
Fish Productivity Protection (FPP) framework (Bradford et al. 2014, Department of Fisheries and
Oceans 2013a, 2014b, Fulton et al. 2005, Minns et al. 2011, Pope et al. 2010, Randall et al. 1995,
2013). Best management practices related to the selection and use of indicators are being
determined by Industry and Government Agencies. In these deliberations, it will be critical to
evaluate potential sources of uncertainty (Department of Fisheries and Oceans 2014a, Minns et
al. 2011).
Minns et al (2011) suggested that productive capacity in general should be measured on a
minimum of four different levels: habitat, individual, population, and community / ecosystem
(see section 3 and Minns et al. (2011)). Because of this, it is necessary to use multiple indicators
when characterizing aquatic environments. As a minimum, sampling protocols should include
non-target species with fast turn-over (e.g., plankton), fish species targeted by commercial or
recreational fisheries, habitat defining groups, and environmentally sensitive groups (e.g., upper
trophic level species with slow population dynamics) (Fulton et al. 2004, 2005, Minns et al.
2011).
Habitat-based methods have been extensively used in management decisions in the past due to
the nature of the FHMP, but may not in themselves provide an adequately precise measure of
productive capacity as needed to ensure no net loss as required by the FPP (Bradford et al. 2014,
Randall et al. 2013). Population-based methods for assessing fisheries productivity are the most
practical in terms of data requirements and were often included in management programs in the
past(Golder Associates 2004, 2012, 2013, Minns et al. 2011). However, they are mainly
effective in ecosystems dominated by relatively few species (Lindstrom et al. 2009), and
potentially insufficient in species-rich areas where community approaches may be needed.
Unless the biology and ecology of the relevant species are very well understood, it may be
challenging to determine appropriate indicators (see Table 2) to include in addition to those
measured under the FHMP. Such indicators would have to be relevant for the specific project,
yet allow for consistency across locations and spatial scales (Bradford et al. 2014, Fulton et al.
2005, Koops et al. 2013). They should simultaneously allow for a scaling up from small, local
impacts to general effects on fisheries productivity. Further, they should be based on sound
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ecological theory, be conservative under uncertain conditions, be based on data that are possible
to obtain, and allow for a quantitative evaluation of errors (Bradford et al. 2014, Randall et al.
2013).
Population productivity is largely determined by the growth, survival and recruitment of the
individual fish that make up the population. Each of these vital rates varies with habitat
heterogeneity and quality (Minns et al. 2011). To determine appropriate indicators to use for a
given system, it is necessary to understand which environmental- and ecosystem-based
parameters limit survival and/or reproductive rates at various life stages. Further, it must be
determined which life stages constitute the bottleneck to overall recruitment rates. High
fecundity, for instance, does not necessarily add to stock recruitment (Magnusson and Hilborn
2007), among other things because a strong density-dependent mortality of juveniles is common
in limnic ecosystems (Rogers and Allen 2010, Teichert et al. 2013). This may obscure effects of
adult abundance or spawning rates. Density dependent effects such as those related to limited
food resources or predation are stronger in freshwater than marine systems.
Even in natural systems that have reached their carrying capacity, high natural variability means
that large population changes often go unnoticed, and impacts on top predators may show
substantial delays compared to time of habitat quality change (Budy et al. 2007, Maxwell and
Jennings 2005). Therefore, abundance and biomass should only be seen as suitable indicators in
themselves when conducted over long time periods and including multiple species.
Fulton et al (2005) concluded that the best and/or most robust indicators for fisheries
productivity include total biomass across multiple groups, size at maturity of top predators,
efficiency of consumption in various trophic levels, catch estimates of bottom feeding fish and
total production and respiration. Most of these indicators are highly correlated. A set of
indicators chosen to conform to the requirements and limitations within specific habitat types
have been shown to be much more useful than a one-size-fits-all model (Fulton et al 2005).
Even with an appropriate selection of indicators to be used in a specific situation involving
known species, the indicators are only as robust as their sampling protocol (Table 1).
Differences in sampling protocols may cause large variations in the estimates produced.
In studies based on up to a decade of sampling, relatively small variations were shown to be
sufficient to ensure that significant changes in the given indicators went unnoticed (Jones and
Petreman 2012).
Assessing the indicators best suited for a given species in a specific habitat and community
structure requires extensive knowledge on the biology and ecology of the species and habitat in
question. Where this knowledge does not exist prior to the planning phase of a development
project, obtaining it will cause significant delays and be associated with additional expenses for
the developer. Since these data tend to be linked with substantial errors and the interpretation
may be subject to a degree of uncertainty, it is probable that such approaches do not justify the
additional time and expense. Where no specific knowledge on the system exists, fish habitat
quantity and quality, fish abundance, species composition and size classes remain the most solid
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general indicators of productivity. Further, as these were the indicators already in use under the
FHMP, protocols for obtaining usable data already exists.
5

THE FISHERIES PROTECTION PROGRAM (FPP)

In 2013, DFO developed two policies outlining the government’s official position as to the
appropriate interpretation of the Fisheries Act following the C-38 amendments:


The Fisheries Protection Policy Statement, published October 2013 (Box 2), which
provides general guidance on the application of the amended Fisheries Act to
decision processes in management and industry (Department of Fisheries and
Oceans 2013b).



The Fisheries Productivity Investment Policy: A Proponents Guide to Offsetting
(Box 3), which provides specific guidance for industrial purposes where
development required the use of offsetting strategies (Department of Fisheries and
Oceans 2013c).

Together, these policies marked the change from the Fish Habitat Management Program (FHMP)
to the Fisheries Protection Program (FPP).
As stated in these policies (see Box 2 and 3), the goal of the FPP is to “provide for the
sustainability and ongoing productivity of commercial, recreational and Aboriginal fisheries”.
Ongoing sustainability is defined as “the potential sustained yield of all fish populations and their
habitat that are part of or support commercial, recreational and Aboriginal fisheries”
(Department of Fisheries and Oceans 2013a).
5.1

Challenges in Moving from Productive Capacity to Fisheries Productivity

By shifting from a habitat-based focus (bottom-up analysis) to CRA fisheries productivity focus
(scaling down approach or top-down) we move away from a management practice that was
based on fifty years of knowledge and expertise. It signifies a shift from management based on a
large body of knowledge to a practice that may be based on a comparatively smaller knowledge
base. Implementing such strategies is associated with substantial opportunities for improvement.
However, given the considerable uncertainty associated with these changes, there are several
challenges that need to be addressed. These can be divided into six key areas:
 Determining what constitutes a waterbody
 Determining how ephemeral or indirect fish habitats are considered
 Determining which fish species act to support the productivity of CRA fisheries.
 Determining indicators to add to current management practices as well as best
measurement protocols for quantifying these.
 Determining the appropriate spatial and temporal scales for monitoring
 Determining how modelling approaches can be used as a tool for estimating fisheries
productivity
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In this section, we will evaluate how the above challenges may affect best practices for
implementing a shift from a PC-based assessment to an FP-based assessment in a cost-efficient
manner that may be of concrete use for management purposes.
5.1.1

What Constitutes a Waterbody?

In planning offsetting strategies and compensation lake management, an essential first step is to
evaluate the loss of productive capacity to the fisheries caused by a development project. As
such, it is important to define which waterbodies must be considered in the estimate.
Waterbodies covered by the decree for the protection of CRA fisheries under the amended
Fisheries Act include “areas of fishing for food, social, or ceremonial purposes or under land
claims agreements by Aboriginal peoples; and […] areas covered by federal or provincial
fisheries regulations”.
Recently, DFO have interpreted CRA fisheries as all areas in which you need a license to fish
since these are all covered by federal or provincial fisheries regulations. Hence, the above
decree should encompass the majority of the wetlands in Canada that act as fish habitat, whether
currently accessible or not. This ensures that the overall productivity of freshwater fisheries is
not reduced, as required by the federal Fisheries Act, by protecting currently realized as well as
all potential future fisheries areas.
5.1.2

How are Ephemeral or Indirect Fish Habitats Considered?

Most riverine systems are inherently linear, linked from source water to their destination. In
many cases, linkages within a riverscape (from source to mouth) may provide important
ephemeral or indirect habitat. For example, tributaries that contain no fish may act as refuge
during catastrophic events, such as floods or chemical spills (Morrissey and de Kerckhove 2009).
Further, many headwater or riparian areas provide necessary allochthonous material for
freshwater fishes (Richardson et al. 2010). The degree to which these ephemeral or indirect
habitats are considered under the new FPP remains unknown.
Already under the FHMP protection was required for any habitat that contained fish, even if it
did so only seasonally. However, ephemeral or indirect habitats, such as wetlands that contained
aquatic life but no current permanent or seasonal fish populations were not included in the
estimate of damage caused to fish habitat by development (Department of Fisheries and Oceans
1986, Golder Associates 2004). Hence, habitats that no longer require protection due to the
change from the FHMP to the FPP should be limited to habitats that do contain fish but not any
species of direct or indirect value to the CRA fisheries. Since even seasonal use should be
considered in this context, most habitats that were protected under the FHMP should also be
protected under the FPP according to the above definition.
The shift from the FHMP to the FPP would increase the importance of regional concerns,
e.g., the headwater or tributary importance of the habitats present upstream of the development
area with respect to other habitats in the region. However, determining the headwater/tributary
effect of a habitat with respect to adjacent connected lakes and rivers would be extremely data
intensive and complex, and so prohibitively expensive. General defined ecological overheads
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that take this source of uncertainty into account might provide a more cost-efficient approach
that can be implemented rapidly.
5.1.3

Which Fish Support a CRA Fishery?

One of the key shifts in the Fisheries Act surrounds the inclusion of fish that support a CRA
fishery. The Fisheries Protection Policy (Department of Fisheries and Oceans 2013b) states that
“fish that support these fisheries are those fish that contribute to the productivity of a fishery
(often, but not exclusively, as prey species)” (see Box 2).
For a fish species to be considered in support of a fishery, they must perform a support function
that is essential for sustaining the productivity of CRA fishery species (Department of Fisheries
and Oceans 2013a). Further, the species in question must satisfy two requirements (Department
of Fisheries and Oceans 2013a):
1.

that changes in the status of the support fish must result in changes in productivity of
the CRA fishery fish in a consistent manner.

2.

that the ecological function provided by the support species can be filled by few or
no other species with more resilience to the work/activity/undertaking.

In cases where multiple species exist that may fill a particular ecological function, decisions
must be made regarding which species should be classified as support species based on
ecological linkages among species (Kenchington et al. 2013). Such species include those that
provide direct support functions, e.g., key prey species and structure-providing species, as well
as those that provide indirect support functions, e.g., keystone species, apex predators, highly
connected species, and environment modifiers.
Section 6.1a of the Fisheries Act states that the Minister will consider “the contribution of the
relevant fish to the ongoing productivity of commercial, recreational or Aboriginal fisheries.”
The contribution of the relevant fish to the ongoing productivity of CRA fisheries would be
measured by the impact on productivity of CRA fishery species expected to occur given a
change to the potentially affected species or habitat (Department of Fisheries and Oceans 2013a).
The science advice to support development of a fisheries protection policy for Canada
(Department of Fisheries and Oceans 2013a) outlines the key information required to
characterize the contribution of the relevant fish to ongoing productivity as follows:
1.

“understanding how overall productivity depends on the affected species or habitats,

2.

the “current” state (i.e., the state before the work, undertaking or activity
commences) of the potentially affected species or habitats,

3.

resilience of fish productivity to perturbations of the affected species or habitats,

4.

how the proposed work, undertaking or activity may alter the state of affected
species or habitats, and
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5.

uncertainties about the relationship, the current state of affected species or habitats,
the potential impacts of the work, undertaking or activity, and, when applied, the
effectiveness of avoidance and mitigation measures.”

Comprehensive data sets are required to understand which species are relevant to ongoing
productivity and to quantify their contribution to CRA fisheries. The relevant support species
and their ecological roles are likely to vary between geographic areas. As such, it is likely that
intensive monitoring prior to any work, undertaking or activity (w/u/a) will be necessary to
establish ecological links and identify relevant support fish species. Over time, a database
comprising support species, their distributions, habitat use, and functional roles may be built
based on knowledge acquired from application (Kenchington et al. 2013). In addition to
productivity analyses that will be necessary for evaluating the status of support fish once they
have been identified, additional quantitative analyses would be necessary to establish ecological
links and contributions to CRA fisheries productivity. Although the productivity metrics to
assess support fish would be the same as those required for CRA fishery fish, the limited lifehistory and population dynamics information on non-fishery species may result greater
uncertainties in estimating support fish productivity.
5.1.4

What are the Appropriate Spatial and Temporal Scales for Monitoring?

The change in focus from protecting the productive capacity of habitats that sustain fish
populations (PC) to ensuring sustainable fisheries productivity (FP) opens up the possibility that
total fisheries habitat can be reduced if the quality is improved with respect to CRA fishes.
Whereas fish habitat is relatively easy to quantify, reliable estimates of the productivity of
selected species can only be obtained through data intensive monitoring. Further, to justify a
sustainable increase in productivity as opposed to a short-term spike (Box 3), the population
would have to be monitored over prolonged time periods. Therefore, the change in focus from
protecting habitat to ensuring the long-term sustainability and productivity of CRA fisheries may
cause fundamental shifts in planning and monitoring requirements for offsetting industrial
impacts.
Measurements of fisheries productivity require repeated monitoring protocols extended over
multiple years so that changes in population sizes can be noted and quantified. Since
management practices under the FHMP had the conceptual end-goal of ensuring no net loss in
fish habitat productivity, long term monitoring procedures were not necessarily required for all
projects, though in the oil sands region they generally constituted the standard. Once the habitat
had been restored or created and fish populations were present, the project was judged to be
successfully completed.
In general, given the complexities in determining long-term sustainability of CRA fisheries, a
shift from the FHMP to the FPP will likely require an extension of the monitoring period
required to determine the success of the offsetting strategy. It will be important to identify
appropriate indicators of productivity to include in the monitoring protocol. Further, to ensure
cost-effective monitoring protocols that provide meaningful data for the use of ensuring longterm sustainability of the fisheries populations, an increased use of models may be necessary.
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5.1.5

Models for Estimating Fisheries Productivity

Due to the financially and ecologically prohibitive nature of obtaining all relevant data for a
given system, models are essential for linking limited data on subsets of populations with wholepopulation productivity and long-term projections. A shift to long-term sustainability practices
based solely on experimental data and monitoring would require such extensive and potentially
ecologically damaging data sampling protocols that management would become economically
and ecologically prohibitive. Models could form an essential link between relatively limited data
sets on subsets of populations and long-term projections for whole-population productivity
(Blanchard et al. 2014). Hence, fisheries management under the FPP may require more
extensive use of models as a predictive tool (Carr and Heyman 2014, Jennings et al. 2014, Minns
et al. 2011, Velez-Espino and Koops 2012).
Numerous models have been created in the past to aid fisheries management decisions. It is
beyond the scope of this report to review all of these in detail. Instead, we provide an overview
over the basic principles used throughout many of the existing models, and how they may be
applied with respect to compensation lake management under the FPP (Table 3). Most models
currently in use are variations or expansions of these basic approaches (Andersen and Beyer
2013, Wan et al. 1999).
Models are essential in balancing data requirements with the need for long-term predictions of
fisheries productivity and maximum sustainable harvest rates. This is particularly important in
newly created or expanded ecosystems such as compensation lakes and end pit lakes where there
are no pre-existing or baseline data. The main challenge lies in striking the balance between data
needs for accurate predictions and financial feasibility; any model is only as good as the data it is
based on and the assumptions on which it is made.
Stock-recruitment rates, for instance, are arguably the most important of the rate functions
governing fish population dynamics (Quist 2007). Together with logistic growth curves, they
form the basis for many models (e.g., Zhang 2013). Through the steepness coefficient (h) of the
recruit/spawner curve, these rate functions can be used to estimate maximum sustainable yield as
well as to conduct stock projections, and so is particularly useful for offsetting approaches and
for predicting the long-term consequences of a project. However, these types of models require
data on abundance, reproduction or reproductive capacity of adult fish and survival (or mortality)
rates of juvenile fish. Acquiring sufficient data for the proper use of these models is labor
intensive, cost prohibitive and potentially damaging to the fish populations; adequate data are
difficult to obtain with the required degree of accuracy (Quist 2007).
Further, all models are based on assumptions, most of which require further research for
validation and all of which will vary in accuracy between different ecosystems and habitat types.
The assumptions of most models, when tested, very often turn out to be imprecise at best
(Hoshino et al. 2014, Pardo et al. 2013) and fundamentally wrong in some cases (Minns et al.
2011, Railsback et al. 2003, Rose 2000). For instance, a number of models (e.g., HSM and
GLM, see Table 3) assume that there is a linear relationship between parameters,
e.g., productivity and prey availability or species abundance and specific habitat features. These
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assumptions are typically proved false when tested due to effects of spatial heterogeneity within
the habitat, complex community interactions and the cumulative effects of multiple stressors
(Railsback et al. 2003, Rose 2000). There is a strong trade-off between the amount of available
data and the number of assumptions that must be made in the modelling process.
Table 3.

Basic modelling approaches relevant for linking population level data with fisheries
productivity.

Model or
modelling tool

Used to

Data required
(see also Table 1)

Allometric
relationships

Provide quantitative
generalizations on how
various parameters change
with size, to be used in growth
and productivity models.

Data on how the relevant
parameters (e.g., mortality
rates, spawning rates,
metabolic coefficients) change
with size for the given species.

Boukal et al. 2014
Hossain et al. 2012

Logistic population
growth models

Quantify how the population
growth rate changes with
population size.
Estimate carrying capacity
and intrinsic growth rate.

Estimates for growth rate and
abundance for a given species
in a given environment.
Typically though time-series
investigation and markrecapture.

Chakraborty et al.
2013
Erhardt and
Scarnecchia 2014

Von Bertalanffy
growth models

Provide an allometric curve of
length as a function of age.
Used to estimate e.g., max.
length, coefficients of growth
and mortality.
Modifications allow habitat
change to influence the shape
of the curve.

Measurement of how length
varies with age for the relevant
species in the relevant habitats.

Boukal et al. 2014
Lester et al. 2004
Vincenzi et al. 2014

Stock-recruitment
models

Calculate the number of new
recruits that arise from a
particular number of
spawning fish.
Quantify area-based survival.
Used to estimate factors
affecting the carrying capacity
of a system, maximum
sustainable yield and longterm projections of
productivity.

Abundance of adult fish,
fecundity/reproductive
capacity of adult fish,
survival/mortality rates of eggs
and juvenile fish.

Cadigan 2013
Honea et al. 2009
Minns et al. 2011
Sharma and Hilborn
2001
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Model or
modelling tool

Used to

Data required
(see also Table 1)

Stock-assessment
models

Inform quotes for maximum
sustainable yield for fisheries.

Scale of fishery, age
composition of catch and
abundance-index data.
Typically based on biomass
caught under the effort of
commercial fisheries.
In addition, require data for a
plausible model of the ecology
of the particular species.

Cotter et al. 2004
Wang et al. 2014

Stage-structured
models

Calculate growth or decline in
a population based on the
probability of surviving from
one life stage to the next.
Estimate the functional
dependence of population
growth rate on e.g., stage
specific habitat requirements,
fecundity or mortality rates.

Number of fish as a fraction of
total abundance that survive
from one life stage to the next.
Quantitative estimates of
dependence of relevant
parameters on life stage.

Botsford et al. 2014
McAllister et al. 2001
Minns and Moore
2003
Velez-Espino and
Koops 2009b

Individual-based
bioenergetics model

Determine the relative effects
of different parameters
(metrics) on the growth and
reproduction of an individual
fish based on energy
input/output calculations.
Possible to scale up to
population level.

Energy consumption, energy
expenditure and energy
investment in reproduction for
the relevant species.
How relevant parameters
(e.g., prey species availability)
affect these figures.

Hartman and Kitchell
2008
Pethybridge et al.
2013
Rinke and Petzoldt
2003
Steele 2012
van Winkle et al. 1993

Ecosystem-based
fisheries
management
models (EBFM)

Calculate fish/fisheries
productivity or production
based on environmental
parameters, e.g., a triad of
drivers: exploitation,
tropodynamics and
biophysical environment.

Developing field, the search
for appropriate reference
points and metrics to measure
is ongoing.
Include data on habitat quality
as it pertains to the relevant
species, community
interactions and population
level indicators for
productivity (see Table 2)

Fulton et al. 2005
Link et al. 2012
Rice and Rochet 2005

Population - habitat
models

Determine causal
relationships between changes
in habitat gain or loss and fish
production.
A type of ecosystem-based
approach.
May or may not be based on
stage-structures population
models.

Data on habitat preferences of
all life stages and functional
relationships between habitat
variables and vital rates for all
relevant species of fish.

Hayes et al. 2009
Minns et al. 2011
Velez-Espino and
Koops 2009a
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Model or
modelling tool

Used to

Data required
(see also Table 1)

References

Habitat simulation
models (HSM)

Predict change in habitat
availability resulting from
incremental changes in flow;
linked to the habitat suitability
index (HSI) based on habitat
preferences for fish species of
interest.
Can be used to calculate NNL
but very data intensive.

Change in habitat area with
change in flow.
Relationship between habitat
area and population biomass of
relevant species.
Data required to calculate
habitat suitability index for
relevant fish species.

Ahmadi-Nedushan et
al. 2006
Anderson et al. 2006
Minns et al. 2011

Defensible methods

Version of habitat simulation
model specifically created to
calculate change in productive
capacity as a result of
development.
Created for habitat
management under the
FHMP.

Area affected by development
(pre- and post-development,
including any compensation
habitat).
Suitability of affected habitat
with respect to relevant fish
species.
Relationship between amounts
of suitable habitat and
productive capacity.

Minns and Nairn 1999
Minns et al. 2001

Generalized linear
model (GLM)

Used to fit data on species
abundance to habitat features.
Assumes that habitatabundance relationships are
linear over a range of habitat
features, something that tends
to be proven false when
tested.

Habitat types present in the
ecosystem in question.
Abundance of fish in the
relevant habitat types.

Minns et al. 2011
Railsback et al. 2003

With increasing availability of information on a given ecosystem and habitat type, it is possible
to reduce the impact of many of the uncertainties and errors related to data sampling and
assumptions. Hence effective models specific for given habitat types and community structures
may be the most promising tool for improving out monitoring protocols with respect to FPP.
The defensible methods version of the habitat simulation model was specifically created to aid
management decisions under the FHMP. Because the end goal of habitat management already
prior to 2012 was to assure that fish, particularly species relevant for fisheries, suffered no net
loss in productivity, the defensible methods were based on the relationship between amount of
suitable habitat and productive capacity. As such, it provides a promising starting point for
developing models specifically tailored towards efficient management of the FPP.
6

SPECIFIC CONSIDERATIONS FOR OFFSETTING APPROACHES

The Fisheries Protection Policy (Department of Fisheries and Oceans 2013b) specifies that
whenever possible, efforts should be made to prevent impacts first or, if this is not possible, to
minimize (mitigate) impacts caused by the project in question. However, if projects have
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sufficient residual impacts, compensation is needed to ensure the “ongoing productivity of
commercial, recreational or Aboriginal fisheries (CRA)” (Figure 1). Ongoing may here be
defined as “sustained productivity, as experienced by participants in the fishery at and just before
the time of interest” (Randall et al. 2013).

Figure 1.

Conceptual diagram of offsetting strategies.
L = Loss; G = Gain.
Adapted from Quetier and Lavorel (2011).

An offset measure is one that counterbalances unavoidable serious harm to fish resulting from a
project with the goal of maintaining or improving the productivity of the commercial,
recreational or Aboriginal fishery. Due to the problems faced in providing accurate
measurements and predictions of current and future productivity of a fisheries population,
offsetting approaches will have to make effective use of available resources and make
knowledge-based decisions. The guiding principles listed in the Fisheries Protection Policy
Statement (Department of Fisheries and Oceans 2013b) for meeting the goal of the fisheries
protection program (Box 2) is:
1.

to avoid harm whenever possible,

2.

to use science, technical information and traditional knowledge to promote sound
decision making

3.

to collaborate with partners well-placed to deliver the objectives of the Fisheries
Protection Program,

4.

to develop and support the use of standards to provide clarity and certainty, and

5.

to consider cumulative effects on the ecosystem.
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These factors should be considered in determining the best practice for approaching offsetting
management. Offsetting indicators should agree with the environmental assessment indicators to
ensure that changes in population productivity are equivalent across projects. Currently, more
information is needed to determine best management practices for ensuring the long-term
sustainability of the productive capacity of fisheries in the oil sands region.
6.1.1

Compensation Lake Management

The development of compensation lakes has been important for a number of projects both in the
oil sands region itself and in the development of infrastructure such as roads necessary for
operations in the oil sands area. They provide a means of compensating for loss in productive
capacity due to a destruction of fish-bearing wetlands that cannot be avoided or mitigated.
Knowledge-based standards for planning and executing compensation lake development may
ensure ecologically robust solutions that can be implemented within a predictable budget. In the
process of determining best standards, a key parameter to evaluate is the carrying capacity of
various compensation lake ecosystems (the shift away from the intrinsic population growth rate
when not influenced by density dependence). This could be based on e.g., density-dependent
limitations to population growth within all relevant species and how they interact (Winemiller
2005).
With compensation lakes, ensuring an appropriate agreement between offsetting indicators and
environmental assessment indicators may be challenging; it constitutes a comparison between
established ecosystems and populations in the process of establishing in a newly created or
expanded habitat. To ensure that changes in population productivity are equivalent across
projects, it may be particularly important to take juvenile indicators into account (including
mortality, growth rates, etc.), as these could demonstrate noticeable change much faster (Jones et
al. 2003).
Since compensation lakes constitute systems in which fish species are establishing, it possible to
obtain good estimates of intrinsic growth rate of the populations within this specific habitat. This
is particularly important in stock assessment models (Table 3), which are critical to
understanding the current state of a fishery and to estimating the effect of future harvest on the
ongoing productivity of the fish populations within it. These estimates will be valuable in
evaluating the success of the compensation lake. The main difference between models is in how
they address fish recruitment, fish growth and natural mortalities (Magnusson and Hilborn 2007).
Stock assessment models (Table 3) are typically based on a plausible demographic model of the
fish’s ecology (e.g., Sparre et al. 1989). Data sets for these models are traditionally obtained
from catch rates from commercial fisheries. In most freshwater systems, commercial fisheries
are limited or non-existent, making data sets harder and more expensive to obtain. In
compensation lake systems, where fisheries are initially prohibited (Golder 2012, 2013), all data
will need to come from site specific sampling with the explicit purpose of ensuring adequate
monitoring. However, since the best estimates of these population characteristics, as mentioned
above, come from recovery periods (Magnusson and Hilborn 2007), compensation lakes form
ideal systems in which to perform this type of analysis.
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The issues faced in ensuring the appropriate agreement between offsetting indicators and
environmental assessment indicators could in part be mitigated through the newly established
possibility for habitat banking, initiated through the Fisheries Productivity Investment Policy
(See Box 3). Such a proponent-led habitat bank is an approach for creating offsets in advance,
hence allowing for actual measurements of the productivity of the fisheries populations in the
newly created habitat. In this way, gain in productivity could be measured prior to the
destruction of habitat in the development area, providing more accurate estimates of acceptable
levels of loss in fisheries productivity. The benefits accumulated in the habitat bank would be
counted as credits, while serious harm to fish caused by a project or projects would be
considered as debits.
6.1.2

Evaluating the Need for Technical Assessment

There are two phases that will require a proponent to conduct a technical assessment to
determine if offsetting approaches are required, and if so to determine the magnitude of the
necessary offsetting (Department of Fisheries and Oceans 2014b):
1.

A serious harm evaluation (Figure 2)

2.

A productivity assessment (Figure 3).

During the serious harm evaluation, the proponent will need to consider potential impacts to
fish and fish habitat using Pathway of Effects (POE) models developed by DFO. This includes
evaluations of expected duration and spatial scale of impacts, availability and condition of
nearby fish habitat, the impact on relevant fish, and proposed avoidance and mitigation
measures (Department of Fisheries and Oceans 2013b).
Figure 2 illustrates application of the fundamentals of “avoid, mitigate and offset” to implement
the hierarchy that is internationally recognized as a best practice to reduce impacts on
biodiversity. This hierarchy has not been altered from the previous FHMP. However,
implementation of the hierarchy of preferences (avoid, mitigate, offset) is now applied only to
serious harm to fish that are part of a commercial, recreational or Aboriginal fishery or to fish
that support such a fishery. If serious harm cannot be avoided, or mitigated, residual serious
harm is established an authorization from DFO is required for the work, undertaking or activity
proposed (Department of Fisheries and Oceans 2013b).
Once residual serious harm is predicted to occur as a result of a proposed work, undertaking or
activity, a productivity assessment is recommended to assist decision making (Department of
Fisheries and Oceans 2014b). Figure 3 illustrates the procedure required of such productivity
assessments. The two main factors to consider are the type and scale of the impact, which will
determine the level of detail required for the productivity assessment (Bradford et al. 2014,
Department of Fisheries and Oceans 2013a,b, 2014b).
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Figure 2.

Flowchart summarizing the decision making process employed in a serious harm
evaluation used to determine if DFO Authorization is required, and whether it is
necessary to conduct a productivity assessment.
(Bradford et al. 2014, Department of Fisheries and Oceans 2013a, 2014b).
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Figure 3.

Flowchart summarizing fisheries productivity assessment by outlining categories of metrics based on predicted impact.
(Bradford et al. 2014, Department of Fisheries and Oceans 2013a,b, 2014b,c).
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The type of metrics that are required to assess FP impacts will be determined by an evaluation of
whether anticipated impacts involve changes in habitat quantity, habitat quality, or will result in
ecosystem transformations. The scale of the potential impact will also factor in to the metrics
chosen for analysis, with larger scale impacts requiring more complex estimates of productivity.
For example, for projects that are expected to result in serious harm as a result of a small scale
change in habitat quantity, it may be appropriate to use simple area-based metrics or metrics
based on habitat suitability indices. A large-scale version of the same impact, however, may
require more intensive fisheries productivity estimates (Department of Fisheries and Oceans
2014b).
Productivity-state response curves have been developed by DFO for assessing the impact of
changes to habitat quality (Department of Fisheries and Oceans 2014c). More complex
quantitative productivity-state analyses would be necessary to assess the impacts of large-scale
changes in habitat quality. Requirements to conduct quantitative productivity-state analyses
would include quantitatively derived productivity-state relationships, accurate predictions of
project impacts, and baseline information on habitat and relevant fish. The ecosystem
transformation category of impact would require more direct assessment of fisheries productivity
at the population or ecosystem scale. Further, biodiversity metrics should be incorporated to
account for associated losses in productivity that may not be identified using typical fisheries
productivity metrics (Bradford et al. 2013).
7

CONCLUSIONS

Though much work has been done on measuring the productivity of fish populations, it has
proven difficult or impossible to find simple, reproducible techniques that can be applied across
habitat types and ecosystems. Current methods for providing assessments of the productivity of
fisheries require comprehensive, long-term data sampling techniques. Typically these are done
to quantify indicators related to physiological features and abundances of fish within the
populations. Adequately intensive sampling is associated with costs that may be considered
prohibitive to developers. Interpretation of data has been associated with significant errors due
to sampling protocols and modelling assumptions. Further, data sampling techniques may
include sampling methods that are lethal or damaging to the fish or eggs of the populations that
the FPP aims to protect.
Habitat-based methods do not in themselves provide an adequately precise measure of
productive capacity as needed to ensure no net loss required by the Fish Productivity Protection
framework. However, the goal of the Fish Habitat Management Program was already, prior to
the 2012 amendments, to ensure no net loss of the productive capacity of fish within a habitat.
Because of this, established management practices included the monitoring of fish diversity,
abundance and size distributions, and through this estimates of annual average fish biomass
produced per unit area. Habitat-based approaches coupled with population-based estimates as
used under the FHMP may provide the best compromise between financial feasibility, avoiding
additional damage to the fisheries, and ensuring ecologically robust results.

37

Models are essential in balancing data requirements with the need for long-term predictions of
fisheries productivity and maximum sustainable harvest rates. However, it may be difficult to
strike the balance between data needs for accurate predictions and financial feasibility. Any
model is only as good as the data it is based on and the assumptions on which it is made.
Future research may enable more accurate estimates of fisheries productivity based on key fish
and habitat indicators. As the governing factors that limit the productivity of fish populations
vary between species, habitats and regions, it is likely that this would have to occur through the
development of models specific for the given habitats and geographical areas. Similarities
between indicator development in the Ecosystem-based Fisheries Management field (e.g., Fulton
et al. 2004) and the emerging Fish Productivity Protection framework (Bradford et al. 2013) are
promising in terms of a knowledge base for developing such models. Though the top data needs
for Ecosystem-based Fisheries Management include primary biomass and abundance with a
secondary set related to diet/consumption and mortality and the Fish Productivity Protection
framework may have more varied requirements, the two are fundamentally similar.
8

RECOMMENDATIONS

Future research should be conducted for areas characterized by intensive development, such as
the oil sands region, to develop habitat-specific models. The purpose of these models should be
to allow for robust estimates of productivity based on limited and specific indicators that are
manageable to measure.
If the drivers of the ecosystem in question are not well studied, the most cost-effective and
ecologically sound way of implementing the FPP would be to adopt the management practices of
the FHMP largely unaltered, but with the interpretive end goal shifted to fisheries productivity.
The main additional requirement for achieving this would be to make it mandatory to include
abundance, species composition and size structure data in the monitoring protocols. Further, the
monitoring period should be extended so that it is required to occur over a time-span of several
years. These management practices are already commonly used in many developments in the oil
sands region, which should ease the shift to management under the FPP.
At our current state of knowledge, it may be detrimental to the goal of the FPP to pursue
productivity assessments beyond these practices employed under the more comprehensive of the
monitoring protocols used under the FHMP. The most precise indicator for fisheries
productivity remains the quantity and quality of available habitat and the abundance, species
distribution and size structure of the fish populations that inhabit it.
9

REFERENCES

Adams, S.M., 2002. Biological indicators of aquatic ecosystem stress. Biological indicators of
aquatic ecosystem stress. Adams, S.M. (Editor). American Fisheries Society, Bethesda,
Maryland. 644 pp.

38

Adams, S.M., A.M. Brown and R.W. Goede, 1993. A quantitative health assessment index for
rapid evaluation of fish condition in the field. Transactions of the American Fisheries Society
122(1): 63-73.
Ahmadi-Nedushan, B., A. St-Hilaire, M. Berube, E. Robichaud, N. Thiemonge and B. Bobee,
2006. A review of statistical methods for the evaluation of aquatic habitat suitability for
instream flow assessment. River Research and Applications 22(5): 503-523.
Andersen, K.H. and J.E. Beyer, 2013. Size structure, not metabolic scaling rules, determines
fisheries reference points. Fish and Fisheries 22 pp. (online version).
Anderson, K.E., A.J. Paul, E. McCauley, L.J. Jackson, J.R. Post and R.M. Nisbet, 2006.
Instream flow needs in streams and rivers: the importance of understanding ecological dynamics.
Frontiers in Ecology and the Environment 4(6): 309-318.
Arnason, A.N. and K.H. Mills, 1987. Detection of handling mortality and its effects on Jolly Serber estimates for mark-recapture experiments. Canadian Journal of Fisheries and Aquatic
Sciences 44: 64-73.
Barman, R.C., K. Devashish and S.S. Dana, 2013. Effect of predictive factors on sustainable
development and management of fresh water wetland fisheries. Indian Journal of Animal
Sciences 83(11): 1229-1234.
Blanchard, J.L., K.H. Andersen, F. Scott, N.T. Hintzen, G. Piet and S. Jennings, 2014.
Evaluating targets and trade-offs among fisheries and conservation objectives using a
multispecies size spectrum model. Journal of Applied Ecology 51(3): 612-622.
Blazer, V.S., L.R. Iwanowicz, C.E. Starliper, D.D. Iwanowicz, P. Barbash, J.D. Hedrick,
S.J. Reeser, J.E. Mullican, S.D. Zaugg, M.R. Burkhardt and J. Kelble, 2010. Mortality of
Centrarchid fishes in the Potomac drainage: Survey results and overview of potential
contributing factors. Journal of Aquatic Animal Health 22(3): 190-218.
Botsford, L.W., 1981. The effects of increased individual growth-rates on depressed populationsize. American Naturalist 117(1): 38-63.
Botsford, L.W., M.D. Holland, J.C. Field and A. Hastings, 2014. Cohort resonance: A
significant component of fluctuations in recruitment, egg production, and catch of fished
populations. Ices Journal of Marine Science 71(8): 2158-2170.
Boukal, D.S., U. Dieckmann, K. Enberg, M. Heino and C. Jorgensen, 2014. Life-history
implications of the allometric scaling of growth. Journal of Theoretical Biology 359: 199-207.
Bradford, M.J., R.G. Randall, K.S. Smokorowski, B.E. Keatley and K.D. Clarke, 2013. A
framework for assessing fisheries productivity for the Fisheries Protection Program. DFO
Canadian Science Advisory Secretariat. Science Advisory Report 2013/067.
Braun, D.C. and J.D. Reynolds, 2012. Cost-effective variable selection in habitat surveys.
Methods in Ecology and Evolution 3(2): 388-396.

39

Bryant, M.D., 2000. Estimating fish populations by removal methods with minnow traps in
southeast Alaska streams. North American Journal of Fisheries Management 20: 923-930.
Budy, P., G.P. Thiede and P. McHugh, 2007. Quantification of the vital rates, abundance, and
status of a critical, endemic population of Bonneville cutthroat trout. North American Journal of
Fisheries Management 27(2): 593-604.
Cadigan, N.G., 2013. Fitting a non-parametric stockrecruitment model in R that is useful for
deriving MSY reference points and accounting for model uncertainty. Ices Journal of Marine
Science 70(1): 56-67.
Campana, S.E., L. Marks and N.E. Kohler, 2006. Effects of recreational and commercial fishing
on blue sharks (Prionace glauca) in Atlantic Canada, with inferences on the North Atlantic
population. Canadian Journal of Fisheries and Aquatic Sciences 63: 670-682.
Carr, L.M. and W.D. Heyman, 2014. Using a coupled behavior-economic model to reduce
uncertainty and assess fishery management in a data-limited, small-scale fishery. Ecological
Economics 102: 94-104.
Chakraborty, K., S. Das and T.K. Kar, 2013. On non-selective harvesting of a multispecies
fishery incorporating partial closure for the populations. Applied Mathematics and Computation
221: 581-597.
Coggins, L.G., W.E. Pine, C.J. Walters, D.R. Van Haverbeke, D. Ward and H.C. Johnstone,
2006. Abundance trends and status of the little Colorado River population of humpback chub.
North American Journal of Fisheries Management 26(1): 233-245.
Collins, M.R., T.I.J. Smith, W.E. Jenkins and M.R. Denson, 2002. Small marine reserves may
increase escapement of red drum. Fisheries 27(2): 20-24.
Cotter, A.J.R., L. Burt, C.G.M. Paxton, C. Fernandez, S.T. Buckland and J.X. Pax, 2004. Are
stock assessment methods too complicated? Fish and Fisheries 5(3): 235-254.
Cunjak, R.A. and G. Power, 1986. Winter habitat utilization by stream resident brook trout
(Salvelinus fontinalis) and brown trout (Salmo trutta). Canadian Journal of Fisheries and
Aquatic Sciences 43(10): 1970-1981.
Department of Fisheries and Oceans, 1986. Policy for the management of fish habitat. Fisheries
and Oceans Canada, Ottawa, Ontario.
Department of Fisheries and Oceans, 2013a. Science advice to support development of a
Fisheries Protection Policy for Canada. DFO Canadian Science Advisory Secretariat Science
Advisory Report 2012/063.
Department of Fisheries and Oceans, 2013b. Fisheries Protection Policy Statement. Fisheries
and Oceans Canada, Ottawa, Ontario.
Department of Fisheries and Oceans, 2013c. Fisheries Productivity Investment Policy: A
Proponent's Guide to Offsetting. Fisheries and Oceans Canada, Ottawa, Ontario.

40

Department of Fisheries and Oceans, 2014a. Science advice for managing risk and uncertainty
in operational decisions of the fisheries protection program. DFO Canadian Science Advisory
Secretariat Science Advisory Report 2014/015.
Department of Fisheries and Oceans, 2014b. A science-based framework for assessing changes
in productivity, within the context of the amended Fisheries Act. DFO Canadian Science
Advisory Secretariat Science Advisory Report 2013/071.
Department of Fisheries and Oceans, 2014c. A science-based framework for assessing the
response of fisheries productivity to state of species or habitats. DFO Canadian Science
Advisory Secretariat Science Advisory Report 2013/067.
Dunlop, E.S., B.J. Shuter and U. Dieckmann, 2007. Demographic and evolutionary
consequences of selective mortality: Predictions from an eco-genetic model for smallmouth bass.
Transactions of the American Fisheries Society 136(3): 749-765.
Dutil, J.D., G. Godbout, P.U. Blier and D. Groman, 2006. The effect of energetic condition on
growth dynamics and health of Atlantic cod (Gadus morhua). Journal of Applied Ichthyology
22(2): 138-144.
Erhardt, J.M. and D.L. Scarnecchia, 2014. Population changes after 14 years of harvest closure
on a migratory population of bull trout in Idaho. North American Journal of Fisheries
Management 34(3): 482-492.
Everhart, W.H. and W.D. Youngs, 1981. Principles of fishery science. 2nd edition. Cornell
University Press, Ithaca, New York.
Fabi, G., F. Grati, A. Lucchetti and L. Trovarelli, 2002. Evolution of the fish assemblage around
a gas platform in the northern Adriatic Sea. Ices Journal of Marine Science 59: S309-S315.
Faller, P., B. Kobler, A. Peter, J.P. Sumpter and P. Burkhardt-Holm, 2003. Stress status of
gudgeon (Gobio gobio) from rivers in Switzerland with and without input of sewage treatment
plant effluent. Environmental Toxicology and Chemistry 22(9): 2063-2072.
Fisheries Techniques Standardization, 1992. Fish sampling and data analysis techniques used by
conservation agencies in the U.S. and Canada. American Fisheries Society, Bethesda, Maryland.
Fulton, E.A., A.D.M. Smith, H. Webb and J. Slater, 2004. Ecological indicators for the impacts
of fishing on non-target species, communities and ecosystems: Review of potential indicators.
Australian Fisheries Management Authority, Canberra, Australia. Final Research Report
R99-1546. 116 pp.
Fulton, E.A., A.D.M. Smith and A.E. Punt, 2005. Which ecological indicators can robustly
detect effects of fishing? Ices Journal of Marine Science 62(3): 540-551.
Fulton, E.A., A.D.M. Smith, D.C. Smith and P. Johnson, 2014. An integrated approach is
needed for ecosystem based fisheries management: Insights from ecosystem-level management
strategy evaluation. Plos One 9(1): 1-16.

41

Fung, M.Y.P. and T.M. Macyk, 2000. Reclamation of oil sands mining areas. IN: Reclamation
of drastically disturbed lands. Barnhisel, R.I., R.G. Darmody and W.L. Daniels (Editors).
American Society of Agronomy, Madison, Wisconsin. pp. 755-774.
Gabelhouse Jr, D.W. and D.W. Willis, 1986. Biases and utility of angler catch data for assessing
size structure and density of largemouth bass. North American Journal of Fisheries Management
6: 481-489.
Gerhardt, D.R. and W.A. Hubert, 1991. Population dynamics of a lightly exploited channel
catfish stock in the Powder River system, Wyoming–Montana. North American Journal of
Fisheries Management 11: 200-205.
Gilliers, C., O. Le Pape, Y. Desaunay, J. Morin, D. Guerault and R. Amara, 2006. Are growth
and density quantitative indicators of essential fish habitat quality? An application to the
common sole Solea solea nursery grounds. Estuarine Coastal and Shelf Science 69(1-2): 96-106.
Golder Associates, 2004. Canadian Natural Resources Limited Horizons project – no net loss
habitat compensation and monitoring plan. Calgary, Alberta.
Golder Associates, 2012. Final report – 2011 Horizon Lake monitoring report. Calgary,
Alberta.
Golder Associates, 2013. Canadian Natural Resources Limited – Horizon fisheries and aquatics
monitoring. Five year data analysis report. Calgary, Alberta.
Goodchild, G.A., 2004. Fish habitat is everyone's business, Canada's fish habitat management
programme. Fisheries Management and Ecology 11(3-4): 277-281.
Government of Canada, 2014. Fisheries Act. R.S.C. 1985 c. f-14. Government of Canada,
Ministry of Justice, Ottawa, Ontario. 61 pp. http://laws-lois.justice.gc.ca/PDF/F-14.pdf [Last
accessed November 20, 2014].
Gresswell, R.E., W.J. Liss, G.A. Lomnicky, E.K. Deimling, R.L. Hoffman and T. Tyler, 1997.
Using mark-recapture methods to estimate fish abundance in small mountain lakes. Northwest
Science 71: 39-44.
Guy, C.S.B.P.J., D.P. Herzog, J. Pitlo and R.S. Rogers, 2009. Warmwater fish in rivers.
IN: Standard methods for sampling North American freshwater fishes. Bonar, S.A. et al.
(Editors). American Fisheries Society, Bethesda, Maryland. pp. 59-84.
Hammar, J., 2014. Natural resilience in Arctic charr Salvelinus alpinus: Life history, spatial and
dietary alterations along gradients of interspecific interactions. Journal of Fish Biology 85(1):
81-118.
Hartman, K.J. and J.F. Kitchell, 2008. Bioenergetics modeling: Progress since the 1992
symposium. Transactions of the American Fisheries Society 137(1): 216-223.
Harvey, E., D. Fletcher and M. Shortis, 2002. Estimation of reef fish length by divers and by
stereo-video: A first comparison of the accuracy and precision in the field on living fish under
operational conditions. Fisheries Research 57: 255-265.

42

Hayes, D., M. Jones, N. Lester, C. Chu, S. Doka, J. Netto, J. Stockwell, B. Thompson,
C.K. Minns, B. Shuter and N. Collins, 2009. Linking fish population dynamics to habitat
conditions: Insights from the application of a process-oriented approach to several Great Lakes
species. Reviews in Fish Biology and Fisheries 19(3): 295-312.
Hering, D., R.K. Johnson, S. Kramm, S. Schmutz, K. Szoszkiewicz and P.F.M. Verdonschot,
2006. Assessment of European streams with diatoms, macrophytes, macroinvertebrates and fish:
A comparative metric-based analysis of organism response to stress. Freshwater Biology 51(9):
1757-1785.
Holey, M.E. and T.N. Trudeau, 2005. The state of Lake Michigan in 2000. Great Lakes Fishery
Commission Special Publication 05-01: 1-114.
Honea, J.M., J.C. Jorgensen, M.M. McClure, T.D. Cooney, K. Engie, D.M. Holzer and
R. Hilborn, 2009. Evaluating habitat effects on population status: Influence of habitat restoration
on spring-run Chinook salmon. Freshwater Biology 54(7): 1576-1592.
Hoshino, E., E.J. Milner-Gulland and R.M. Hillary, 2014. Why model assumptions matter for
natural resource management: Interactions between model structure and life histories in fishery
models. Journal of Applied Ecology 51(3): 632-641.
Hossain, M., G.B. Arhonditsis, M.A. Koops and C.K. Minns, 2012. Towards the development of
an ecosystem model for the Hamilton Harbour, Ontario, Canada. Journal of Great Lakes
Research 38(4): 628-642.
Hubert, W.A. and D.T. Oshea, 1992. Use of spatial resources by fishes in Grayrocks Reservoir,
Wyoming. Journal of Freshwater Ecology 7(2): 219-225.
Ingels, J., S.L. Dashfield, P.J. Somerfield, S. Widdicombe and M.C. Austen, 2014. Interactions
between multiple large macrofauna species and nematode communities – Mechanisms for
indirect impacts of trawling disturbance. Journal of Experimental Marine Biology and Ecology
456: 41-49.
Isely, J.J. and T.B. Grabowski, 2007. Age and growth. IN: Analysis and Interpretation of
Freshwater Fisheries Data. Guy, C.S. and M.L. Brown (Editors). pp. 187-228. American
Fisheries Society, Bethesda, Maryland.
Jennings, S., A.D.M. Smith, E.A. Fulton and D.C. Smith, 2014. The ecosystem approach to
fisheries: management at the dynamic interface between biodiversity conservation and
sustainable use. Year in Ecology and Conservation Biology 1322: 48-60.
Jones, N.E. and I.C. Petreman, 2012. The capacity to detect change stream fish communities
characteristics at the site-level in the Lake Ontario basin. Environmental Management 50(1): 7788.
Kenchington, E., D.E. Duplisea, J.M.R. Curtis, J.C. Rice, A. Bundy, M. Koen-Alonso and
S.E. Doka, 2013. Identification of species and habitats that support commercial, recreational or
Aboriginal Fisheries in Canada. DFO Canadian Science Advisory Secretariat. Science Advisory
Report 2012/110.

43

Kielbassa, J., M.L. Delignette-Muller, D. Pont and S. Charles, 2010. Application of a
temperature-dependent von Bertalanffy growth model to bullhead (Cottus gobio). Ecological
Modelling 221(20): 2475-2481.
Koops, M.A., M. Koen-Alonso, K.E. Smokorowski and J.B. Rice, 2013. A science-based
interpretation and framework for considering the contribution of the relevant fish to the ongoing
productivity of commercial, recreational or Aboriginal fisheries. Department for Fisheries and
Oceans Canada (DFO) Science Advisory Secretariat, Ottawa, Ontario.
Lambert, Y., 2011. Environmental and fishing limitations to the rebuilding of the northern Gulf
of St. Lawrence cod stock (Gadus morhua). Canadian Journal of Fisheries and Aquatic Sciences
68(4): 618-631.
Lapointe, N.W.R., S.J. Cooke, J.G. Imhof, D. Boisclair, J.M. Casselman, R.A. Curry,
O.E. Langer, R.L. McLaughlin, C.K. Minns, J.R. Post, M. Power, J.B. Rasmussen,
J.D. Reynolds, J.S. Richardson and W.M. Tonn, 2014. Principles for ensuring healthy and
productive freshwater ecosystems that support sustainable fisheries. Environmental Reviews
22(2): 110-134.
Lester, N.P., B.J. Shuter and P.A. Abrams, 2004. Interpreting the von Bertalanffy model of
somatic growth in fishes: the cost of reproduction. Proceedings of the Royal Society BBiological Sciences 271(1548): 1625-1631.
Lindstrom, U., S. Smout, D. Howell and B. Bogstad, 2009. Modelling multi-species interactions
in the Barents Sea ecosystem with special emphasis on minke whales and their interactions with
cod, herring and capelin. Deep-Sea Research Part Ii-Topical Studies in Oceanography 56(2122): 2068-2079.
Link, J.S., S. Gaichas, T.J. Miller, T. Essington, A. Bundy, J. Boldt, K.F. Drinkwater and
E. Moksness, 2012. Synthesizing lessons learned from comparing fisheries production in
13 northern hemisphere ecosystems: Emergent fundamental features. Marine Ecology Progress
Series 459: 293-302.
Magnusson, A. and R. Hilborn, 2007. What makes fisheries data informative? Fish and
Fisheries 8(4): 337-358.
Maxwell, D. and S. Jennings, 2005. Power of monitoring programmes to detect decline and
recovery of rare and vulnerable fish. Journal of Applied Ecology 42(1): 25-37.
McAllister, M.K., E.K. Pikitch and E.A. Babcock, 2001. Using demographic methods to
construct Bayesian priors for the intrinsic rate of increase in the Schaefer model and implications
for stock rebuilding. Canadian Journal of Fisheries and Aquatic Sciences 58(9): 1871-1890.
Mills, E.L., J.M. Casselman, R. Dermott, J.D. Fitzsimons, G. Gal, K.T. Holeck, J.A. Hoyle,
O.E. Johannsson, B.F. Lantry, J.C. Makarewicz, E.S. Millard, I.F. Munawar, M. Munawar,
R. O'Gorman, R.W. Owens, L.G. Rudstam, T. Schaner and T.J. Stewart, 2005. A synthesis of
ecological and fish-community changes in Lake Ontario, 1970-2000. Great Lakes Fishery
Commission Technical Report (67): 1-86.

44

Minns, C.K., J.R.M. Kelso and R.G. Randall, 1996. Detecting the response of fish to habitat
alterations in freshwater ecosystems. Canadian Journal of Fisheries and Aquatic Sciences
53: 403-414.
Minns, C.K. and J.E. Moore, 2003. Assessment of net change of productive capacity of fish
habitats: the role of uncertainty and complexity in decision making. Canadian Journal of
Fisheries and Aquatic Sciences 60(1): 100-116.
Minns, C.K., J.E. Moore, M. Stoneman and B. Cudmore-Vokey. 2001. Defensible methods of
assessing fish habitat: Lacustrine habitats in the Great Lakes Basin - conceptual basis and
approach using a habitat suitability matrix (HSM) method. Canadian Manuscript Report of
Fisheries and Aquatic Sciences 2559. 70 pp.
Minns, C.K. and R.B. Nairn, 1999. Defensible methods: Applications of a procedure for
assessing developments affecting littoral fish habitat on the lower Great Lakes. IN: Aquatic
restoration in Canada. Murphy, T.P. and M. Munawar (Editors). Backhuys Publishers, Leiden,
the Netherlands. pp. 15–35.
Minns, C.K., R.G. Randall, K.E. Smokorowski, K.D. Clarke, A. Velez-Espino, R.S. Gregory,
S. Courtenay and P. LeBlanc, 2011. Direct and indirect estimates of the productive capacity of
fish habitat under Canada's Policy for the Management of Fish Habitat: Where have we been,
where are we now, and where are we going? Canadian Journal of Fisheries and Aquatic
Sciences 68(12): 2204-2227.
Morrissey, M.B. and D.T. de Kerchhove. 2009. The maintenance of genetic variation due to
asymmetric gene flow in dendritic metapopulations. The American Naturalist 174(6): 875-889.
Pardo, S.A., A.B. Cooper and N.K. Dulvy, 2013. Avoiding fishy growth curves. Methods in
Ecology and Evolution 4(4): 353-360.
Patrick, W.S., P. Spencer, J. Link, J. Cope, J. Field, D. Kobayashi, P. Lawson, T. Gedamke,
E. Cortes, O. Ormseth, K. Bigelow and W. Overholtz, 2010. Using productivity and
susceptibility indices to assess the vulnerability of United States fish stocks to overfishing.
Fishery Bulletin 108(3): 305-322.
Perez-Dominguez, R., S. Maci, A. Courrat, M. Lepage, A. Borja, A. Uriarte, J.M. Neto,
H. Cabral, V.S. Raykov, A. Franco, M.C. Alvarez and M. Elliott, 2012. Current developments
on fish-based indices to assess ecological-quality status of estuaries and lagoons. Ecological
Indicators 23: 34-45.
Peterson, N.P. and C.J. Cederholm, 1984. A comparison of the removal and mark-recapture
methods of population estimation for juvenile coho salmon in a small stream. North American
Journal of Fisheries Management 4(1): 99-102.
Pethybridge, H., D. Roos, V. Loizeau, L. Pecquerie and C. Bacher, 2013. Responses of
European anchovy vital rates and population growth to environmental fluctuations: An
individual-based modeling approach. Ecological Modelling 250: 370-383.

45

Pope, K.L., S.E. Lochmann and M.K. Young, 2010. Methods for assessing fish populations.
IN: Inland Fisheries Management in North America, Third Edition. Hubert, W.A. and
M.C. Quist (Editors). American Fisheries Society, Bethesda, Maryland. pp. 325-351.
Portt, C.B., G.A. Coker, D.L. Ming and R.G. Randal, 2006. A review of fish sampling methods
commonly used in Canadian freshwater habitats. Introduction. Canadian Technical Report of
Fisheries and Aquatic Sciences 2604: 1-51.
Quetier, F. and S. Lavorel, 2011. Assessing ecological equivalence in biodiversity offset
schemes: Key issues and solutions. Biological Conservation 144(12): 2991-2999.
Quigley, J.T. and D.J. Harper, 2006. Effectiveness of fish habitat compensation in Canada in
achieving no net loss. Environmental Management 37(3): 351-366.
Quist, M.C., 2007. An evaluation of techniques used to index recruitment variation and yearclass strength. North American Journal of Fisheries Management 27(1): 30-42.
Railsback, S.F., H.B. Stauffer and B.C. Harvey, 2003. What can habitat preference models tell
us? Tests using a virtual trout population. Ecological Applications 13(6): 1580-1594.
Randall, R.G., M.J. Bradford, K.D. Clarke and J.C. Rice, 2013. A science-based interpretation
of ongoing productivity of commercial, recreational or Aboriginal fisheries. DFO Canadian
Science Advisory Secretariat. Science Advisory Report 2012/112.
Randall, R.G., J.R.M. Kelso and C.K. Minns, 1995. Fish production in fresh-waters – are rivers
more productive than lakes? Canadian Journal of Fisheries and Aquatic Sciences 52(3): 631643.
Rice, J.C. and M.J. Rochet, 2005. A framework for selecting a suite of indicators for fisheries
management. Ices Journal of Marine Science 62(3): 516-527.
Richardson, J.S., E. Taylor, D. Schluter, M. Pearson and T. Hatfield, 2010. Do riparian zones
qualify as critical habitat for endangered freshwater fishes? Canadian Journal of Fisheries and
Aquatic Sciences 67: 1197-1204.
Rinke, K. and T. Petzoldt, 2003. Modelling the effects of temperature and food on individual
growth and reproduction of Daphnia and their consequences on the population level.
Limnologica 33(4): 293-304.
Rogers, M.W. and M.S. Allen, 2010. Simulated influences of hatching-date dependent survival
on year class composition and abundance. Open Fish Science Journal 3: 169-179.
Rose, K.A., 2000. Why are quantitative relationships between environmental quality and fish
populations so elusive? Ecological Applications 10(2): 367-385.
Segner, H., 2011. Moving beyond a descriptive aquatic toxicology: The value of biological
process and trait information. Aquatic Toxicology 105: 50-55.
Sharma, R. and R. Hilborn, 2001. Empirical relationships between watershed characteristics and
coho salmon (Oncorhynchus kisutch) smolt abundance in 14 western Washington streams.
Canadian Journal of Fisheries and Aquatic Sciences 58(7): 1453-1463.

46

Shin, Y.J., A. Bundy, L.J. Shannon, M. Simier, M. Coll, E.A. Fulton, J.S. Link, D. Jouffre,
H. Ojaveer, S. Mackinson, J.J. Heymans and T. Raid, 2010. Can simple be useful and reliable?
Using ecological indicators to represent and compare the states of marine ecosystems. Ices
Journal of Marine Science 67(4): 717-731.
Smith, J.B. and W.A. Hubert, 1989. Use of a tributary by fishes in a Great Plains River system.
Prairie Naturalist 21: 27-38.
Spangler, G.R. and J.J. Collins, 1992. Lake Huron fish community structure based on gill-net
catches corrected for selectivity and encounter probability. North American Journal of Fisheries
Management 12(3): 585-597.
Sparre, P., E. Ursin and S.C. Venema, 1989. Introduction to tropical fish stock assessment. Part
1 - Manual. FAO Fisheries Technical Paper. p. i-xii, 1-337.
Steele, J.H., 2012. Prediction, scenarios and insight: The uses of an end-to-end model. Progress
in Oceanography 102: 67-73.
Sutherland, W.J., 2000. Ecological census techniques: A handbook. Cambridge University
Press, Cambridge, UK.
Teichert, M.A.K., S. Einum, A.G. Finstad, O. Ugedal and T. Forseth, 2013. Ontogenetic timing
of density dependence: location-specific patterns reflect distribution of a limiting resource.
Population Ecology 55(4): 575-583.
Thorne, R.E., 1983. Assessment of population abundance by hydroacoustics. Biological
Oceanography 2: 253-262.
Thorson, J.T., J.M. Cope, T.A. Branch and O.P. Jensen, 2012. Spawning biomass reference
points for exploited marine fishes, incorporating taxonomic and body size information.
Canadian Journal of Fisheries and Aquatic Sciences 69(9): 1556-1568.
Uusi-Heikkila, S., A. Kuparinen, C. Wolter, T. Meinelt, A.C. O'Toole and R. Arlinghaus, 2011.
Experimental assessment of the probabilistic maturation reaction norm: condition matters.
Proceedings of the Royal Society B-Biological Sciences 278(1706): 709-717.
van Winkle, W., K.A. Rose and R.C. Chambers, 1993. Individual-based approach to fish
population dynamics – an overview. Transactions of the American Fisheries Society
122(3): 397-403.
Velez-Espino, L.A. and M.A. Koops, 2009a. Quantifying allowable harm in species at risk:
application to the Laurentian black redhorse (Moxostoma duquesnei). Aquatic Conservation
19(6): 676-688.
Velez-Espino, L.A. and M.A. Koops, 2009b. Recovery potential assessment for lake sturgeon in
Canadian designatable units. North American Journal of Fisheries Management 29(4): 10651090.

47

Velez-Espino, L.A. and M.A. Koops, 2012. Capacity for increase, compensatory reserves, and
catastrophes as determinants of minimum viable population in freshwater fishes. Ecological
Modelling 247: 319-326.
Vincenzi, S., M. Mangel, A.J. Crivelli, S. Munch and H.J. Skaug, 2014. Determining individual
variation in growth and its implication for life-history and population processes using the
empirical Bayes method. PLoS Computational Biology 10(9): e1003828.
Wan, X.R., L. Wang and W. Dou, 1999. A mathematical equation for describing growth of
freshwater species. Journal of Freshwater Ecology 14(3): 379-384.
Wang, S.P., M.N. Maunder, K.R. Piner, A. Aires-da-Silva and H.H. Lee, 2014. Evaluation of
virgin recruitment profiling as a diagnostic for selectivity curve structure in integrated stock
assessment models. Fisheries Research 158: 158-164.
Wedekind, C., M.O. Gessner, F. Vazquez, M. Maerki and D. Steiner, 2010. Elevated resource
availability sufficient to turn opportunistic into virulent fish pathogens. Ecology 91(5): 12511256.
Wenger, A.S., J.L. Johansen and G.P. Jones, 2012. Increasing suspended sediment reduces
foraging, growth and condition of a planktivorous damselfish. Journal of Experimental Marine
Biology and Ecology 428: 43-48.
Winemiller, K.O., 2005. Life history strategies, population regulation, and implications for
fisheries management. Canadian Journal of Fisheries and Aquatic Sciences 62(4): 872-885.
Woodward, G., J. Blanchard, R.B. Lauridsen, F.K. Edwards, J.I. Jones, D. Figueroa,
P.H. Warren and O.L. Petchey, 2010. Individual-based food webs: Species identity, body size
and sampling effects. IN: Advances in Ecological Research, Vol 43: Integrative Ecology: From
Molecules to Ecosystems. Woodward, G. (Editor). Elsevier Academic Press Inc., San Diego,
California. pp. 211-266.
Zhang, Z.N., 2013. Evaluation of logistic surplus production model through simulations.
Fisheries Research 140: 36-45.
Zippin, C., 1958. The removal method of population estimation. Journal of Wildlife
Management 22(1): 82-90.
10

GLOSSARY

10.1

Terms

Carrying Capacity (CC)
The maximum abundance of a population that can be maintained at an equilibrium in the absence
of exploitation for a given habitat.
Unit: Biomass or abundance.
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Commercial, Recreational and Aboriginal (CRA) Fisheries
Fish that are harvested under the authority of a license for the purpose of sale, trade or barter,
fish that are harvested under the authority of a license for personal use, and fish that are
harvested by members of aboriginal organizations for food, social- or ceremonial purposes.
Density Dependence
Limits to the growth of a population caused by factors that are dependent on the existing
population density, e.g., competition from other individuals within the same species or
competition from other species.
Fish Habitat Management Program (FHMP)
The program for managing the habitat that sustains fish populations that was used before 2013
based on the iteration of the Fisheries Act valid at the time and the DFO policy of 1986.
Fisheries Protection Program
The program for managing the ongoing productivity of commercial, recreational and aboriginal
(CRA) fisheries, applicable after 2013 in accordance with the current iteration of the Fisheries
Act and the DFO 2013 Fisheries Protection Policy Statement and the Fisheries Productivity
Investment Policy.
Growth Rate (Gr)
Increase in the size of a population per unit time per unit biomass or abundance. Expressed in
terms of biomass or abundance.
Unit: Time-1, e.g., Kg∙ Kg-1 ∙year-1 = year-1
Intrinsic Growth Rate (r)
The maximum rate a population will grow at, which is only achievable in small populations,
e.g., when populations are establishing or recovering.
Unit: Time-1, e.g., Number∙ Number-1 ∙year-1 = year-1
Maximum Sustained Yield (MSY)
The yield taken at the maximum rate of production. Represents the annual and repeated harvest
rate that yields the most return without negatively impacting stock productivity. It is often taken
to be a function of Gr and CC.
Unit: Biomass ∙ time-1
Production
Population characteristic; it is the total increase in amount of fish tissue during a unit of time,
regardless of whether or not fish survive during the time interval.
Units of measurement are usually weight per unit area per unit time (e.g., kg∙ha-1∙year-1).
Production rate is the product of specific growth rate (G) and average biomass (B) for a specified
duration (usually one year).
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Productivity
Population characteristic that relates to the birth, growth and death rates of a stock. A highly
productive stock is characterized by high birth, growth and mortality rates and exhibits a high
production to biomass (P/B) ratio. Productivity is typically defined as the maximum survival
rate at low density (i.e., when survival is density-independent).
Fisheries Productivity (FP)
The sustained yield of all CRA species, equivalent to the amount of new biomass produced per
population per unit time summed up over all populations for the given species and all CRA
species present in the relevant area.
Ongoing Sustainability
The potential sustained yield of all fish populations and their habitat that are part of or support
commercial, recreational and Aboriginal fisheries.
Productive Capacity (PC)
Habitat characteristic. For individual fish populations, the productive capacity of a given habitat
is the equilibrium density of fish that a particular habitat can support indefinitely by the
resources available in that particular habitat. For communities, productive capacity can be
defined as the sum of the maximum production of all species co-habiting within the habitat. The
DFO policy for management of fish habitat defines productive capacity as: “The maximum
natural capability of habitats to produce healthy fish, safe for human consumption, or to support
or produce aquatic organisms on which fish depend” (DFO 1986).
Unit: Fish biomass∙land-area-1 ∙time-1, e.g., kg∙ha-1∙year-1
10.2

Acronyms

BACI

Before After Control Impact

CC

Carrying Capacity

CRA

Commercial, Recreational, and Aboriginal

DFO

Fisheries and Oceans, Canada

EBFM

Ecosystem-based Fisheries Management

FHMP

Fish Habitat Management Program

FP

Fisheries Productivity

FPP

Fisheries Protection Program

GLM

Generalized Linear Model

HSI

Habitat Suitability Index

HSM

Habitat Simulation Model

MSY

Maximum Sustained Yield
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NNL

No Net Loss

OSRIN

Oil Sands Research and Information Network

P:B

Productivity: Biomass

PC

Productive Capacity

POE

Pathway of Effects

SEE

School of Energy and the Environment

w/u/a

Work, Undertaking or Activity
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LIST OF OSRIN REPORTS
OSRIN reports are available on the University of Alberta’s Education & Research Archive at
http://hdl.handle.net/10402/era.17209. The Technical Report (TR) series documents results of
OSRIN funded projects. The Staff Reports (SR) series represent work done by OSRIN staff.
OSRIN Technical Reports – http://hdl.handle.net/10402/era.17507
BGC Engineering Inc., 2010. Oil Sands Tailings Technology Review. OSRIN Report No.
TR-1. 136 pp. http://hdl.handle.net/10402/era.17555
BGC Engineering Inc., 2010. Review of Reclamation Options for Oil Sands Tailings Substrates.
OSRIN Report No. TR-2. 59 pp. http://hdl.handle.net/10402/era.17547
Chapman, K.J. and S.B. Das, 2010. Survey of Albertans’ Value Drivers Regarding Oil Sands
Development and Reclamation. OSRIN Report TR-3. 13 pp.
http://hdl.handle.net/10402/era.17584
Jones, R.K. and D. Forrest, 2010. Oil Sands Mining Reclamation Challenge Dialogue – Report
and Appendices. OSRIN Report No. TR-4. 258 pp. http://hdl.handle.net/10402/era.19092
Jones, R.K. and D. Forrest, 2010. Oil Sands Mining Reclamation Challenge Dialogue – Report.
OSRIN Report No. TR-4A. 18 pp. http://hdl.handle.net/10402/era.19091
James, D.R. and T. Vold, 2010. Establishing a World Class Public Information and Reporting
System for Ecosystems in the Oil Sands Region – Report and Appendices. OSRIN Report
No. TR-5. 189 pp. http://hdl.handle.net/10402/era.19093
James, D.R. and T. Vold, 2010. Establishing a World Class Public Information and Reporting
System for Ecosystems in the Oil Sands Region – Report. OSRIN Report No. TR-5A. 31 pp.
http://hdl.handle.net/10402/era.19094
Lott, E.O. and R.K. Jones, 2010. Review of Four Major Environmental Effects Monitoring
Programs in the Oil Sands Region. OSRIN Report No. TR-6. 114 pp.
http://hdl.handle.net/10402/65.20287
Godwalt, C., P. Kotecha and C. Aumann, 2010. Oil Sands Tailings Management Project.
OSRIN Report No. TR-7. 64 pp. http://hdl.handle.net/10402/era.22536
Welham, C., 2010. Oil Sands Terrestrial Habitat and Risk Modeling for Disturbance and
Reclamation – Phase I Report. OSRIN Report No. TR-8. 109 pp.
http://hdl.handle.net/10402/era.22567
Schneider, T., 2011. Accounting for Environmental Liabilities under International Financial
Reporting Standards. OSRIN Report TR-9. 16 pp. http://hdl.handle.net/10402/era.22741
Davies, J. and B. Eaton, 2011. Community Level Physiological Profiling for Monitoring Oil
Sands Impacts. OSRIN Report No. TR-10. 44 pp. http://hdl.handle.net/10402/era.22781
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Hurndall, B.J., N.R. Morgenstern, A. Kupper and J. Sobkowicz, 2011. Report and
Recommendations of the Task Force on Tree and Shrub Planting on Active Oil Sands Tailings
Dams. OSRIN Report No. TR-11. 15 pp. http://hdl.handle.net/10402/era.22782
Gibson, J.J., S.J. Birks, M. Moncur, Y. Yi, K. Tattrie, S. Jasechko, K. Richardson, and P. Eby,
2011. Isotopic and Geochemical Tracers for Fingerprinting Process-Affected Waters in the Oil
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Oil Sands Research and Information Network, 2011. Equivalent Land Capability Workshop
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Kindzierski, W., J. Jin and M. Gamal El-Din, 2011. Plain Language Explanation of Human
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Welham, C. and B. Seely, 2011. Oil Sands Terrestrial Habitat and Risk Modelling for
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Morton Sr., M., A. Mullick, J. Nelson and W. Thornton, 2011. Factors to Consider in Estimating
Oil Sands Plant Decommissioning Costs. OSRIN Report No. TR-16. 62 pp.
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Kindzierski, W., J. Jin and M. Gamal El-Din, 2012. Review of Health Effects of Naphthenic
Acids: Data Gaps and Implications for Understanding Human Health Risk. OSRIN Report
No. TR-20. 43 pp. http://hdl.handle.net/10402/era.26060
Zhao, B., R. Currie and H. Mian, 2012. Catalogue of Analytical Methods for Naphthenic Acids
Related to Oil Sands Operations. OSRIN Report No. TR-21. 65 pp.
http://hdl.handle.net/10402/era.26792
Oil Sands Research and Information Network and Canadian Environmental Assessment Agency,
2012. Summary of the Oil Sands Groundwater – Surface Water Interactions Workshop.
OSRIN Report No. TR-22. 125 pp. http://hdl.handle.net/10402/era.26831
Valera, E. and C.B. Powter, 2012. Implications of Changing Environmental Requirements on
Oil Sands Royalties. OSRIN Report No. TR-23. 21 pp. http://hdl.handle.net/10402/era.27344

53

Dixon, R., M. Maier, A. Sandilya and T. Schneider, 2012. Qualifying Environmental Trusts as
Financial Security for Oil Sands Reclamation Liabilities. OSRIN Report No. TR-24. 32 pp.
http://hdl.handle.net/10402/era.28305
Creasey, R., 2012. Professional Judgment in Mineable Oil Sands Reclamation Certification:
Workshop Summary. OSRIN Report No. TR-25. 52 pp. http://hdl.handle.net/10402/era.28331
Alberta Innovates – Technology Futures, 2012. Investigating a Knowledge Exchange Network
for the Reclamation Community. OSRIN Report No. TR-26. 42 pp.
http://hdl.handle.net/10402/era.28407
Dixon, R.J., J. Kenney and A.C. Sandilya, 2012. Audit Protocol for the Mine Financial Security
Program. OSRIN Report No. TR-27. 27 pp. http://hdl.handle.net/10402/era.28514
Davies, J., B. Eaton and D. Humphries, 2012. Microcosm Evaluation of Community Level
Physiological Profiling in Oil Sands Process Affected Water. OSRIN Report No. TR-28. 33 pp.
http://hdl.handle.net/10402/era.29322
Thibault, B., 2012. Assessing Corporate Certification as Impetus for Accurate Reporting in SelfReported Financial Estimates Underlying Alberta’s Mine Financial Security Program. OSRIN
Report No. TR-29. 37 pp. http://hdl.handle.net/10402/era.29361
Pyper, M.P., C.B. Powter and T. Vinge, 2013. Summary of Resiliency of Reclaimed Boreal
Forest Landscapes Seminar. OSRIN Report No. TR-30. 131 pp.
http://hdl.handle.net/10402/era.30360
Pyper, M. and T. Vinge, 2013. A Visual Guide to Handling Woody Materials for Forested Land
Reclamation. OSRIN Report No. TR-31. 10 pp. http://hdl.handle.net/10402/era.30381
Mian, H., N. Fassina, A. Mukherjee, A. Fair and C.B. Powter, 2013. Summary of 2013 Tailings
Technology Development and Commercialization Workshop. OSRIN Report No. TR-32. 69 pp.
http://hdl.handle.net/10402/era.31012
Howlett, M. and J. Craft, 2013. Application of Federal Legislation to Alberta’s Mineable Oil
Sands. OSRIN Report No. TR-33. 94 pp. http://hdl.handle.net/10402/era.31627
Welham, C., 2013. Factors Affecting Ecological Resilience of Reclaimed Oil Sands Uplands.
OSRIN Report No. TR-34. 44 pp. http://hdl.handle.net/10402/era.31714
Naeth, M.A., S.R. Wilkinson, D.D. Mackenzie, H.A. Archibald and C.B. Powter, 2013.
Potential of LFH Mineral Soil Mixes for Land Reclamation in Alberta. OSRIN Report
No. TR-35. 64 pp. http://hdl.handle.net/10402/era.31855
Welham, C. and B. Seely, 2013. Oil Sands Terrestrial Habitat and Risk Modelling for
Disturbance and Reclamation: The Impact of Climate Change on Tree Regeneration and
Productivity – Phase III Report. OSRIN Report No. TR-36. 65 pp.
http://hdl.handle.net/10402/era.31900

54

Eaton, B., T. Muhly, J. Fisher and S-L. Chai, 2013. Potential Impacts of Beaver on Oil Sands
Reclamation Success – an Analysis of Available Literature. OSRIN Report No. TR-37. 65 pp.
http://hdl.handle.net/10402/era.32764
Paskey, J., G. Steward and A. Williams, 2013. The Alberta Oil Sands Then and Now: An
Investigation of the Economic, Environmental and Social Discourses Across Four Decades.
OSRIN Report No. TR-38. 108 pp. http://hdl.handle.net/10402/era.32845
Watson, B.M. and G. Putz, 2013. Preliminary Watershed Hydrology Model for Reclaimed Oil
Sands Sites. OSRIN Report No. TR-39. 193 pp. http://hdl.handle.net/10402/era.34250
Birks, S.J., Y. Yi, S. Cho, J.J. Gibson and R. Hazewinkel, 2013. Characterizing the Organic
Composition of Snow and Surface Water in the Athabasca Region. OSRIN Report No. TR-40.
62 pp. http://hdl.handle.net/10402/era.36643
De Corby, R.G., 2013. Development of Silicon-Based Optofluidic Sensors for Oil Sands
Environmental Monitoring. OSRIN Report No. TR-41. 19 pp.
http://hdl.handle.net/10402/era.36936
Iqbal, M., T.K. Purkait, J.G.C. Veinot and G.G. Goss, 2013. Benign-by-Design: Synthesis of
Engineered Silicon Nanoparticles and their Application to Oil Sands Water Contaminant
Remediation. OSRIN Report No. TR-42. 30 pp. http://hdl.handle.net/10402/era.37308
Oil Sands Research and Information Network, 2013. Future of Shrubs in Oil Sands Reclamation
Workshop. OSRIN Report No. TR-43. 71 pp. http://hdl.handle.net/10402/era.37440
Smreciu, A., K. Gould and S. Wood, 2013. Boreal Plant Species for Reclamation of Athabasca
Oil Sands Disturbances – Updated December 2014. OSRIN Report No. TR-44. 23 pp. plus
appendices. http://hdl.handle.net/10402/era.37533
Pereira, A.S. and J.W. Martin, 2014. On-Line Solid Phase Extraction – HPLC – Orbitrap Mass
Spectrometry for Screening and Quantifying Targeted and Non-Targeted Analytes in Oil Sands
Process-Affected Water and Natural Waters in the Athabasca Oil Sands Region. OSRIN Report
No. TR-45. 33 pp. http://hdl.handle.net/10402/era.37793
Liang, J., F. Tumpa, L.P. Estrada, M. Gamal El-Din and Y. Liu, 2014. Ozone-Assisted Settling
of Diluted Oil Sands Mature Fine Tailings: A Mechanistic Study. OSRIN Report No. TR-46.
43 pp. http://hdl.handle.net/10402/era.38226
Rochdi, N., J. Zhang, K. Staenz, X. Yang, D. Rolfson, J. Banting, C. King and R. Doherty, 2014.
Monitoring Procedures for Wellsite, In-Situ Oil Sands and Coal Mine Reclamation in Alberta.
OSRIN Report No. TR-47. 156 pp. http://hdl.handle.net/10402/era.38742
Taheriazad, L., C. Portillo-Quintero and G.A. Sanchez-Azofeifa, 2014. Application of Wireless
Sensor Networks (WSNs) to Oil Sands Environmental Monitoring. OSRIN Report No. TR-48.
51 pp. http://hdl.handle.net/10402/era.38858
Marey, H.S., Z. Hashisho and L. Fu, 2014. Satellite Remote Sensing of Air Quality in the Oil
Sands Region. OSRIN Report No. TR-49. 104 pp. http://hdl.handle.net/10402/era.38882

55

Li, C., A. Singh, N. Klamerth, K. McPhedran, P. Chelme-Ayala, M. Belosevic and M. Gamal ElDin, 2014. Synthesis of Toxicological Behavior of Oil Sands Process-Affected Water
Constituents. OSRIN Report No. TR-50. 101 pp. http://hdl.handle.net/10402/era.39659
Jiang, Y. and Y. Liu, 2014. Application of Forward Osmosis Membrane Technology for Oil
Sands Process-Affected Water Desalination. OSRIN Report No. TR-51. 27 pp.
http://hdl.handle.net/10402/era.39855
Zhu, L., M. Yu, L. Delgado Chávez, A. Ulrich and T. Yu, 2014. Review of Bioreactor Designs
Applicable to Oil Sands Process-Affected Water Treatment. OSRIN Report No. TR-52. 39 pp.
http://hdl.handle.net/10402/era.39903
Oil Sands Research and Information Network, 2014. Oil Sands Rules, Tools and Capacity: Are
we Ready for Upcoming Challenges? OSRIN Report No. TR-53. 120 pp.
http://hdl.handle.net/10402/era.39985
Iqbal, M., T.K. Purkait, M. Aghajamali, L. Hadidi, J.G.C. Veinot, G.G. Goss and M. Gamal ElDin, 2014. Hybrid Aerogel SiNP Membranes for Photocatalytic Remediation of Oil Sands
Process Water. OSRIN Report No. TR-54. 29 pp. http://hdl.handle.net/10402/era.40004
Schoonmaker, A., J-M. Sobze, E. Fraser, E. Marenholtz, A. Smreciu, C.B. Powter and
M. Mckenzie, 2014. Alternative Native Boreal Seed and Plant Delivery Systems for Oil Sands
Reclamation. OSRIN Report No. TR-55. 61 pp. http://hdl.handle.net/10402/era.40099
Aguilar, M., E. Glücksman, D. Bass and J.B. Dacks, 2014. Next Generation Sequencing of
Protists as a Measure of Microbial Community in Oil Sands Tailings Ponds: Amplicon Versus
Metagenomic Approaches. OSRIN Report No. TR-56. 24 pp.
http://hdl.handle.net/10402/era.40100
Alessi, D.S., M.S. Alam and M.C. Kohler, 2014. Designer Biochar-Coke Mixtures to Remove
Naphthenic Acids from Oil Sands Process-Affected Water (OSPW). OSRIN Report No. TR-57.
38 pp. http://hdl.handle.net/10402/era.40122
Oil Sands Research and Information Network, 2014. Survey of Oil Sands Environmental
Management Research and Information Needs. OSRIN Report No. TR-58. 67 pp.
http://hdl.handle.net/10402/era.40128
Huang, Q., H. Wang and M.A. Lewis, 2014. Development of a Toxin-Mediated Predator-Prey
Model Applicable to Aquatic Environments in the Athabasca Oil Sands Region. OSRIN Report
No. TR-59. 59 pp. http://hdl.handle.net/10402/era.40140
Currie, R., S. Bansal, I. Khan and H. Mian, 2014. An Investigation of the Methylene Blue
Titration Method for Clay Activity of Oil Sands Samples. OSRIN Report No. TR-60. 50 pp.
http://hdl.handle.net/10402/era.40164
Welham, C., 2014. Risk and Uncertainty in Oil Sands Upland Reclamation: Best Management
Practices within the Context of Climate Change. OSRIN Report No. TR-61. 26 pp.
http://hdl.handle.net/10402/era.40171

56

Mahdavi, H., H. Mian, S. Hepperle and Z. Burkus, 2014. Standard Operating Procedures for
Analysis of Naphthenic Acids from Oil Sands Process-Affected Water. OSRIN Report No.
TR-62. 67 pp. http://hdl.handle.net/10402/era.40181
McPhedran, K., M.S. Islam and M. Gamal El-Din, 2014. Development of a Novel Engineered
Bioprocess for Oil Sands Process-Affected Water and Tailings Fines/Bitumen/Water Separation.
OSRIN Report No. TR-63. 28 pp. http://hdl.handle.net/10402/era.40190
Birks, J., Y. Yi, S. Cho, E. Taylor and J. Gibson, 2014. Characterizing the Organic Composition
of Snow and Surface Water Across the Athabasca Region: Phase 2. OSRIN Report No. TR-64.
47 pp. http://hdl.handle.net/10402/era.40243
Alberta Centre for Reclamation and Restoration Ecology and Oil Sands Research and
Information Network, 2014. Creating a Knowledge Platform for the Reclamation and
Restoration Ecology Community: Expanding the OSRIN Model Beyond the Oil Sands. OSRIN
Report No. TR-65. 19 pp. http://hdl.handle.net/10402/era.40323
Liang, J., Z. Guo, L. Deng and Y. Liu, 2014. MFT Consolidation Through Microbial Induced
Calcium Carbonate Precipitation. OSRIN Report No. TR-66. 31 pp.
http://hdl.handle.net/10402/era.40330
Eaton, B.R., J.T. Fisher, G.T. McKenna, and J. Pollard. 2014. An Ecological Framework for
Wildlife Habitat Design for Oil Sands Mine Reclamation. OSRIN Report No. TR-67. 83 pp.
http://hdl.handle.net/10402/era.40338
Hopkins, D, K. Wall and C. Wilson, 2014. Measured Concentrations of Metals and Polycyclic
Aromatic Hydrocarbons in Plants, Berries and Soil Located North of Fort McMurray, Alberta.
OSRIN Report No. TR-68. 134 pp. http://hdl.handle.net/10402/era.40339
Richardson, E., G. Walker, G. MacIntyre, S. Quideau, J.B. Dacks and S. Adl, 2014. NextGeneration Sequencing of Protists as a Measure of the Microbial Community in Oil SandAssociated Soils. OSRIN Report No. TR-69. 26 pp. http://hdl.handle.net/10402/era.40343

OSRIN Videos – http://hdl.handle.net/10402/era.29304
Rooney Productions, 2012. Assessment Methods for Oil Sands Reclamation Marshes. OSRIN
Video No. V-1. 20 minutes. Also available on the University of Alberta You Tube
Channel (recommended approach).
Rooney Productions, 2012. Assessment Methods for Oil Sands Reclamation Marshes. OSRIN
Video No. V-1. Nine-part mobile device version. Also available on the University of Alberta
You Tube Channel (link to Part 1 - recommended approach).

57

OSRIN Staff Reports – http://hdl.handle.net/10402/era.19095
OSRIN, 2010. Glossary of Terms and Acronyms used in Oil Sands Mining, Processing and
Environmental Management – December 2014 Update. OSRIN Report No. SR-1. 125 pp.
http://hdl.handle.net/10402/era.17544
OSRIN, 2010. OSRIN Writer’s Style Guide – November 2013 Update. OSRIN Report No.
SR-2. 29 pp. http://hdl.handle.net/10402/era.17545
OSRIN, 2010. OSRIN Annual Report: 2009/2010. OSRIN Report No. SR-3. 27 pp.
http://hdl.handle.net/10402/era.17546
OSRIN, 2010. Guide to OSRIN Research Grants and Services Agreements - June 2011 Update.
OSRIN Report No. SR-4. 21 pp. http://hdl.handle.net/10402/era.17558
OSRIN, 2011. Summary of OSRIN Projects – October 2014 Update. OSRIN Report No. SR-5.
113 pp. http://hdl.handle.net/10402/era.20529
OSRIN, 2011. OSRIN Annual Report: 2010/11. OSRIN Report No. SR-6. 34 pp.
http://hdl.handle.net/10402/era.23032
OSRIN, 2011. OSRIN’s Design and Implementation Strategy. OSRIN Report No. SR-7. 10 pp.
http://hdl.handle.net/10402/era.23574
OSRIN, 2012. OSRIN Annual Report: 2011/12. OSRIN Report No. SR-8. 25 pp.
http://hdl.handle.net/10402/era.26715
OSRIN, 2013. OSRIN Annual Report: 2012/13. OSRIN Report No. SR-9. 56 pp.
http://hdl.handle.net/10402/era.31211
OSRIN, 2014. OSRIN Annual Report: 2013/14. OSRIN Report No. SR-10. 66 pp.
http://hdl.handle.net/10402/era.38508
OSRIN, 2014. OSRIN’s Did You Know Series: The Collected Works. OSRIN Report No.
SR-11. 163 pp. http://hdl.handle.net/10402/era.40220
OSRIN, 2014. Media Coverage of Oil Sands Pipelines: A Chronological Record of Headlines
from 2010 to 2014. OSRIN Report No. SR-12. 140 pp. http://hdl.handle.net/10402/era.40331

58

