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Regulatory and non-regulatory frameworks are used extensively to establish
standards and guidelines for the technical measures implemented to manage
freshwater and marine activities to achieve environmental policy objectives.
Scientific and technical knowledge about the effectiveness of such measures is
needed to ensure the success of these objectives, and yet there is general lack
of scientific information on the effectiveness of technical measures. Used as
conditions of approval for a variety of industry sectors, regulations and
environmental quality guidelines establish the outcomes that are expected
for the technical measures used in the daily activities of a given worksite. This
paper suggests that the science to determine the effectiveness of technical
measures should be framed from the requirements established in regulations
and environmental quality guidelines. Such studies should also use methods,
indicators and metrics that are often part of those requirements. This paper also
puts forth that a more focused scientific effort is needed to determine the
effectiveness of technical measures given the thousands of technical measures
used to manage a wide range of activities.

KEYWORDS

technical measures, regulations, expected outcomes, effectiveness science,
environmental quality guidelines

Introduction

Technical measures are controls, procedures, barriers, safeguards, and specifications
that are implemented to address environmental policy objectives as well as health and
safety concerns (Silva and Acheampong, 2015). The success of environmental legislation
and policies depends greatly on the effectiveness of the technical measures implemented
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by development projects and industrial activities through
regulations and guidelines (Cormier et al., 2022). Issued as
authorizations, licenses, or permits, regulations and guidelines
are used to establish the conditions of approval to undertake
such projects or manage the daily activities of industry to comply
with legislation. These conditions typically establish the
outcomes that are expected for the technical measures that are
implemented for these projects and activities. Ultimately,
individuals and corporate entities have the responsibility to
implement technical measures that are tailored to the specific
activities of their worksite to comply with their conditions of
approval (Smyth et al., 2015; Burdon et al., 2018).

Much of the environmental monitoring in natural resource
management has been directed toward assessing the compliance
of proponent activities against the conditions of permits,
licenses, and authorizations to determine if these are
appropriate (Van den Bosch and Matthews, 2017; Himberg
et al., 2018). While compliance to law and regulations is
clearly important, we propose that compliance is not likely to
achieve management objectives if the outcomes of technical
measure that are implemented in a worksite do not
correspond with the outcomes that are expected in regulations
and guidelines (Rytwinski et al., 2015; Theis et al., 2019). While
this statement may seem self-evident, many of the technical
measures currently in use have not been scientific evaluated
for their effectiveness while others may still be using outdated
information that has not been subject to review (Reichenberger
et al., 2007; Gwimbi and Nhamo, 2016; Evans et al., 2021). There
are likely several reasons for the paucity of information on the
effectiveness of technical measures, we suspect that one
important reason is that there is little guidance on how to
frame scientific assessments of effectiveness for technical
measures (May et al., 2017; Cormier et al, 2018; Getty and
Morrison-Saunders, 2020).

Before exploring ways to frame the science for the
effectiveness of technical measures, it is important to consider
a working definition of effectiveness (Cormier et al., 2017).
Effectiveness is used interchangeably to mean different things
in policy, decision-making or environmental management
(Giebels et al., 2016; Bigard et al., 2017). Effectiveness is
sometimes used to express the performance of environmental
conservation programs (Katsanevakis et al., 2020). In other
situations, effectiveness may also be expressed in terms of the
measures used to reduce the environmental impacts of an
activity or the pressures from multiple activities (Borgwardt
et al., 2019; Duarte and Sanchez, 2020; Elliott et al., 2020).
Effectiveness of technical measures implemented to prevent and
mitigate environmental impacts from the activities within a
worksite is very different from the effectiveness of marine
plans to reduce the pressures generated by multiple activities
to address environmental effects (Stelzenmiiller et al., 2021). In
order to frame the science for technical measure effectiveness; it
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would be important to describe the role of technical measures in
contrast to environmental policies and management plans.

In this paper, we aim to open discussions on how to frame
science for evaluating the effectiveness of technical measures
within the context of regulatory frameworks. We define
components of such frameworks in terms of policies, plans
and programs and describe the use of technical measures
within the administration of regulatory programs. We do this
in order to improve clarity on the role of technical measures and
what we mean by the effectiveness of technical measures. We
draw on a selection of Canadian codes of practice, regulations
and environmental quality guidelines to demonstrate that these
provide the expected outcomes required to frame scientific
studies of technical measures effectiveness. We also discuss the
importance of indicators, metrics, and methods established in
such instruments to measure the outcomes of technical measures
to ensure that the evidence generated is relevant to regulatory
decision-making.

Understanding policies, regulatory
and non-regulatory frameworks and
technical measures

Figure 1 is used to understand the importance of the
effectiveness for technical measures used in the
implementation of regulatory and non-regulatory frameworks
in contrast to the development of environmental management
strategies (e.g. Fish and Fish Habitat Protection Policy
Statement, August 2019 and European Marine Strategy
Framework Directive (MSFD) (EU, 2008; EU, 2017; DFO,
2019a)). The questions asked by a manager having been given
the mandate to develop such strategies (Figure 1: left pointing
arrow) are not the same as for the regulator tasked with
identifying the conditions of approval for development
projects and industry activities (Figure 1: Right pointing
arrow) (Cormier et al., 2022). A regulator has to review the
technical measures being proposed for a given development
project to determine if these can effectively meet the
requirements of the regulations and environmental quality
guidelines. In such a regulatory implementation, the focus
shifts from scientific, technical, and management assumptions
of what is needed for a management strategy to the assumptions
that the expected outcomes established in regulations and
guidelines can adequately protect and conserve the
environment. The regulator works from the premise that the
expected outcomes are de facto tolerance levels given the type
activity being proposed for the worksite.

In risk management (IEC/ISO, 2019), minimum tolerance
levels for acceptable risks are used when risk cannot be
eliminated and that technical measures can only reduce the
risks to a level “As Low As Reasonably Practicable” (ALARP)
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Development of an environmental management strategy

What are the technical measures
needed to meet the
expected outcomes?

What are the expected outcomes
needed to reduce the pressures

to alevel as low as can be r |

achieved in practice?

What are the
codes of practice, regulations and
I quality guideli
needed to achieve policy objectives?
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Technical measures
from codes of practice

Expected outcomes from regulations and
environmental quality guidelines

Environmental policy objectives

Are the outcomes
of technical measures
meeting the expected outcomes?
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reducing the pressures to a level
aslow as can be
achieved in practice?

Are the codes of practice,
regulations and

quality guideli
achieving policy objectives?

Implementation of a regulatory and non-regulatory framework

FIGURE 1

)

The difference between the questions for developing an environmental management strategy versus the implementation of regulatory and

non-regulatory frameworks.

(Baybutt, 2014). Pressures are considered as the mechanisms
and rates of change to the aquatic environment that occur in an
area once avoidance and mitigation measures have been
employed (Cormier et al, 2022) such as the disturbance of
species due to human presence, mortality or injury to wild
species, physical disturbance to seabed and input of
substances, litter or energy (e.g. MSFD Table 2a.
Anthropogenic pressures on the marine environment (EU,
2017)). Here, an expected outcome established in a regulation
or an environmental quality guideline could be considered as the
tolerance levels for the effectiveness of the technical measures
used to reduce the pressures by operational activities within a
worksite. Not discussed here is the scientific advisory processes
used to establish such tolerance levels in the development
regulations and environmental quality guidelines where new
scientific knowledge would be needed to trigger a review of the
regulations and guidelines.

The following examples are used to illustrate the differences
between environmental policies (Table 1), regulations and
environmental quality guidelines (Table 2), and technical
measures (Table 3). In this paper, the science to determine the
effectiveness of technical measures is framed around the
question “Are the outcomes of technical measures meeting the
expected outcomes?” (Figure 1).

Environmental policy objectives

Environmental policy objectives are typically found in
international conventions and agreements as well as national
legislation and policies (Cormier et al., 2022). Such policies
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provide the rationale for the actions that are needed and the
objectives that are to be achieved. However, they do not specify
how those objectives are to be achieved. The development of
such policies are informed by the scientific advisory and peer
review processes and assessments at various scales to reach a
consensus as to the evidence used to formulate the advice (UN,
2021; DFO, 2022a; ICES, 2022; OSPAR, 2022). There is a long
history of such advisory processes used to ensure the
independence of the science used and the advice provided
(CSTA, 1999; Rose and Parsons, 2015; Gluckman, 2016).

Table 1 summarizes three examples of such policies for
discussion purposes. Although their rationale and objectives
are similar, they differ mainly in terms of the spatial scale and
the effects that are of concern (e.g. biological diversity,
pollution, etc.).

Expected outcomes of regulations
and environmental quality guidelines

Under the authority of legislation, regulations are used in the
application and enforcement of that legislation (Canada, 2019;
Canada, 2021). For example, regulations may include
prohibitions for specific activities and standards for the release
of substances as well as methods for monitoring those standards.
Regulations are typically used by one competent authority as
conditions for authorizations, licenses or permits. In contrast,
environmental quality guidelines provide policy direction that
may be adopted across multiple jurisdictions and industries
(CCME, 2022). Similar to as in the case for regulations, they
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TABLE 1 Examples of environmental policy rationales and objectives (EU, 2008; UN, 2015; EU, 2017; DFO, 2019a).

Why action is needed

Summarized Objectives

United
Nations . . .
. The ocean drives global systems that make the Earth habitable for humankind. Our
Sustainable . . . .
rainwater, drinking water, weather, climate, coastlines, much of our food, and even
Development

Goals 14 Life
below water

the oxygen in the air we breathe, are all ultimately provided and regulated by the
sea.

Conserve and sustainably use oceans, seas and marine
resources for sustainable development in terms of the
targets for marine pollution, ocean acidification, harvesting
and overfishing, conserving coastal and marine areas,
fisheries subsidies, and marine resources including capacity
for scientific research and technologies, access for small

(UN, 2015) scale artisanal fisheries and implementation of UNCLOS
Marine Achieve or maintain good environmental status in the
Strategy The marine environment is a precious heritage that must be protected, preserved marine environment in terms of biological diversity, non-
Framework and, where practicable, restored with the ultimate aim of maintaining biodiversity indigenous species, commercially exploited fish and
Directive and providing diverse and dynamic oceans and seas which are clean, healthy and shellfish, marine food webs, eutrophication, sea-floor
(EU, 2008; productive. integrity, hydrographical conditions, pollution effects, fish
EU, 2017) and seafood, marine litter, as well as energy and noise
;:ii?na:rllilnFish Fish have long had economic, environmental, cultural and spiritual value to
Habitat Canadians. Indigenous peoples have been fishing for many generations in Canada's

. oceans, along the coasts, in lakes, and in rivers. Commercial and recreational Conserve and protect fish and fish habitat from habitat
Protection . e . . . P o .
Policy fisheries generate bllhons. 9f dollars every .yefir for 'the Cafladlan economy. degradatlt?n, babltat modlﬁcatl'on, aquatl.c invasive species,
Statement, Importantly, the productivity of a fishery is inextricably linked to the health of the overexploitation of fish, pollution, and climate change

August 2019

habitat in which fish reside. Fish need suitable places to live, feed, and reproduce.

(DFO, 2019a)

They also need unobstructed corridors to migrate between these places.

may also establish standards for environmental quality.
Indicators and metrics outlined in regulations and guidelines
can be used to gauge the effectiveness of the technical measures
implemented to manage operational activities within a worksite
or the collective pressures generated by multiple activities within
a management area. These indicators and metrics are not
necessarily the same as the ones used to assess environmental
impacts and effects.

The development of regulations and environmental quality
guidelines are also informed by scientific advisory and peer
review processes similar to the ones discussed above. However,
the type of advice for such regulations and guidelines is about
how much disturbance or change can be tolerated considering
scientific uncertainties and the potential for impacts and effects

(DFO, 2014). In principle, the development of regulations and
environmental quality guidelines aims to achieve a balance
between regulations that are too stringent to implement and
regulations that are insufficient to protect people and the
environment (Gouldson et al., 2009; UNECE, 2012).

Table 2 provides examples of regulations and guidelines that
establish expected outcomes for very different development
projects and industry activities. Expected outcomes are much
more specific in terms of tolerance levels that are established for
very specific causes of environmental impacts. As mentioned
earlier, it is up to the individuals or corporate entities to
engineer and implement technical measures that can meet the
requirements of the regulations and environmental
quality guidelines.

TABLE 2 Examples of regulations and environmental quality guidelines (Canada, 2019; Canada, 2021; CCME, 2022).

Regulations and environmental quality guidelines Expected outcome

Canadian Environmental Protection Act, 1999
(S.C. 1999, c. 33) (Canada, 2019)

Part 7: Controlling Pollution and Managing Wastes.

Division 1 - Nutrients

Division 2 - Protection of the Marine Environment from Land-based Sources of
Pollution

Division 3 - Disposal at Sea

Fisheries Act
Potato Processing Plant Liquid Effluent Regulations
(C.R.C, c. 829) (Canada, 2019)

Fisheries Act
Metal and Diamond Mining Effluent Regulations
(SOR/2002-222) (Canada, 2019)

Canadian environmental quality guidelines for the protection of aquatic
life in freshwater and marine systems (CCME, 2022)

Frontiers in Marine Science

Schedule I: Authorized Deposits of Deleterious Substances levels for biochemical
oxygen demanding matter and total suspended particulate matter

Schedule 4: Maximum authorized concentrations of prescribed deleterious substances

Establishing guidelines for a variety of substances, total particulate matter, temperature,
PH, nutrients, etc.
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TABLE 3 Examples of technical measures from codes of practice (USDA, 2001; ECCC, 2009; AB, 2011; NB, 2012; DFO, 2019b).

Codes of Practice Controls, procedures, barriers, safeguards, and specifications

Fish and fish habitat protection
standards and codes of practice

(DFO, 2019b) stream crossings

Environmental Code of Practice for

Metal Mines (ECCC, 2009) practices

New Brunswick Watercourse and
Wetland Alteration Guidelines (NB,
2012)

Erosion and sediment control
manual for transportation (AB, 2011)

Stream corridor restoration:
Principles, Processes, and Practice
(USDA, 2001)

Restoration techniques and criteria

Industry codes of practice for
technical measures

Here, the term code of practice is used generically as best
industry practices, industry standards, standard operating
procedures, quality management programs, etc. Codes of
practice provide practical guidance as to how the operational
activities are to be controlled within a worksite to comply with
regulations and environmental quality guidelines. The keyword
here is “practice”. Codes of practice are to put into practice the
technical measures needed to meet the expected outcomes of
regulations and environmental quality guidelines (Cormier
et al., 2022).

The development of codes of practice also requires the input
of scientists, engineers, and regulators considering the
environmental implications of failing to meet the expected
outcomes and the practical implementation of the technical
measures in the daily operational activities of a worksite. The
technical measures outlined in a code of practice provide
guidance for the engineering needed to tailor these measures
to the worksite of a development project or industry activity. In
an environmental context, every worksite is located in very
different environmental situations. Although the effectiveness
of a technical measure to meet an expected outcome seems
straightforward, these measures may not be reliable in every
environmental situation where additional measures may be
needed to meet the conditions of approval.

Table 3 provides examples of different codes of practices.
These contain technical measures to address very specific
activities. Some are for very small undertakings such as
removing a beaver dam while others involve large industry
activities such as construction, operation, and decommissioning
in mining.

Frontiers in Marine Science

Measures to protect fish and fish habitatBeaver dams removalCulvert maintenanceEnd of pipe fish protection screens for
small water intakes in freshwater Routine maintenance dredgingTemporary cofferdams and diversion channelsTemporary

Mine life cycle activitiesEnvironmental concerns through the mine life cycleRecommended environmental management

Site and water managementSurface erosion and sediment controlsTiming of instream workMigratory and sensitive periods
for aquatic speciesGuidelines for the type of watercourse and wetland alterations

Selection of BMP for erosion and sediment controlPermanent erosion and sediment control plan

Framing the science for the
effectiveness of technical measures

Up to this point, we discussed the roles of regulations and
environmental quality guidelines in setting requirements and the
role of codes of practices that outline the type of technical
measures needed to meet these requirements. In the following,
we examine the practical application of these ideas and concepts
to demonstrate how the expected outcomes established in
regulations and environmental quality guidelines are used to
frame a study that would be needed to determine effectiveness.
The examples presented start with the more prescribed
requirements of a regulation in contrast to an environmental
quality guideline and restoration techniques.

Potato processing plant liquid
effluent regulations

Under the authority of the Canadian Fisheries Act (Canada,
2019), deleterious substances are managed by limiting the daily
amounts to be deposited through regulations. As a policy
objective, the Fish and Fish Habitat Protection and Pollution
Prevention provisions of the Act prohibits the deposit of
deleterious substances to fish unless the deposit has been
authorized by regulation. These regulations establish the
conditions that individuals and corporate entities must comply
with having the responsibility to engineer their processes in such
a way that their effluents do not exceed the authorized daily
deposits. In this example, we used the potato processing
regulation for liquid effluent established in 2009 (Table 4). For
discussion purposes, the expected outcomes of this regulation
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are considered here as tolerance levels to avoid the degradation
or alteration of the quality of fresh and marine waters for such
operational activity.

A potato processing plant has to meet authorized deposits
for biochemical oxygen demanding matter and total suspended
matter. Biochemical oxygen demanding matter and total
suspended matter would be the indicators of effectiveness for
the expected outcomes of the technical measures implemented
to control the processes of the plant. In this example, the
regulation also prescribes the standard analytical methods (e.g.
APHA) that would be needed for such a study. The technical
measures would be considered effective when their outcomes
meet the expected outcomes of the regulation consistently over
time. Given that the regulation prescribes the standard analytical
methods, the results of any other scientifically valid indicator
and metric would not be admissible to determine the
effectiveness of the technical measures in meeting the
requirements of the regulation.

Water quality guidelines for total
particulate matter

Since 1964, the Canadian Council of Ministers for the
Environment (CCME, 2022) has established a broad range of
environmental quality guidelines for use in the various
jurisdictions of the country. The Canadian Water Quality
Guidelines for the Protection of Aquatic Life covers a broad
range of water quality issues that can be used in freshwater and
marine environments. Compared to a regulation, an
environmental quality guideline does not have the force of

10.3389/fmars.2022.898010

law; but, can still be used to identify the expected outcomes
needed to study the effectiveness of technical measures. In this
example, we use the CCME guideline for total particulate matter
(Table 5). Updated in 2002, this guideline provides tolerance
levels for suspended sediment, turbidity, bedload sediments, and
streambed substrate for freshwater, estuarine and marine
environments. The levels established in the guidelines are
calculated against natural background levels.

Adapted from multiple sediment and erosion control technical
measures (AB, 2011; NB, 2012; DFO, 2022b), the concentration of
sediments or the increase in Nephelometric turbidity units (NTU)
of the watercourse would be the indicators of effectiveness for the
expected outcomes of the sediment and erosion controls
implemented within a worksite. The study would also have to
establish the background levels for the same indicators and would
need to track the number of times and duration that those levels
were exceeded. Although this particular guideline may not prescribe
standard analytical methods as discussed for the potato effluent
regulation, the indicators and metrics used for such study would,
nevertheless, have to match those of the guideline. The sediment
and erosion controls would be considered effective when their
outcomes are below the expected outcomes established in
the guideline.

Stream corridor restoration

Revised in 2001, the stream corridor restoration manual
provides a wide range of restoration techniques for instream
practices, streambank treatment, water management, channel
reconstruction and other stream corridor measures (USDA,
2001). For example, a development project near any

TABLE 4 Fisheries Act (R.S.C., 1985, c. F-14): Potato Processing Plant Liquid Effluent Regulations (C.R.C., c. 829)* (Canada, 2019).

Measured Out-
comes

Technical measures

Expected outcome

Authorized Deposit of Deleterious Substances5

Subject to these Regulations, the owner of a plant N .
) g P InterpretationBiochemical

oxygen demanding matter
means the substance

of a class set out in Column I of Schedule I may
deposit a deleterious substance prescribed by
section 4 if(a) the actual daily deposit of each
deleterious substance, determined in accordance
with subsection 11(1), does not exceed the

contained in the effluent
from a plant that results
from the operation of a
plant and that will exert a
biochemical oxygen

authorized daily deposit of that substance for that
class of plant as set out in Column III of that
Schedule;(b) the average daily deposit of each
deleterious substance during a month, determined
in accordance with subsection 11(2), does not

demand;Total suspended
matter means the non-
filterable residue that
results from the operation
of a plant, that is

exceed the authorized average daily deposit of
that substance for that class of plant as set out in
Column IV of that Schedule; and(c) the pH of
each composite sample of effluent, determined in
accordance with subsection 9(3), is between 6.0
and 9.0.

contained in the effluent
from that plant.

Schedule IPotato Chips Plant:Authorized actual daily depositBiochemical Oxygen
Demanding Matter: 1.5 kg/tonne of raw potatoes processedTotal Suspended
Matter: 2.1 kg/tonne of raw potatoes processesAuthorized average daily
depositBiochemical Oxygen Demanding Matter: 0.5 kg/tonne of raw potatoes
processedTotal Suspended Matter: 0.7 kg/tonne of raw potatoes processesOther
Potato Products Plants: Canned potato products, dehydrated potato products,
frozen potato products and potato starchAuthorized actual daily deposit
Biochemical Oxygen Demanding Matter: 2.7 kg/tonne of raw potatoes
processedTotal Suspended Matter: 2.4 kg/tonne of raw potatoes
processesAuthorized average daily depositBiochemical Oxygen Demanding
Matter: 0.9 kg/tonne of raw potatoes processedTotal Suspended Matter: 0.8 kg/
tonne of raw potatoes processesSchedule ITAnalytical Test Methods For
Determining Presence and Concentrations of Deleterious Substances in
EffluentsBiochemical Oxygen Demanding Matter (BOD): APHA Section 507 Total
Suspended Matter: AHPA Section 208DAHPA: Standard Methods for the
Examination of Water and Waste Water, 14th Edition (1975), published jointly
by the American Public Health Association, American Water Works Association
and the Water Pollution Control Federation

*The information presented here is to be used within the context of this paper discussion only. Please refer to the actual regulations for its application.
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TABLE 5 Canadian Water Quality Guidelines for the Protection of Aquatic Life - Total Particulate Matter (CCME, 2002).

Technical measure Measured Outcome

Install sediment and erosion controls prior
to beginning the work and maintain

controls until all banks and exposed soils course during the activities within

have been stabilized the worksite

watercourse most often require temporary changes of a
watercourse and its banks during the construction phase of the
project. Once the construction is completed, the temporary
changes need to be restored to return the watercourse to a
state and function essential to support aquatic life.

This restoration manual is used as our final example because
effectiveness in this situation is not simply related to the expected
outcome of one or more indicators. Adapted from technical
measures outlined in multiple watercourse alteration guidelines
(AB, 2011; NB, 2012; DFO, 2022b), the recommended
techniques and criteria established in this manual would be
used to evaluate the effectiveness of the stream geomorphology
restoration in terms of the techniques and criteria used.
Although monitoring would be required to determine the
success of the restoration in terms of the return of aquatic life
in the longer term, the restoration would be considered to be
effective through the application of the recommended
techniques and practices.

Discussion

The expected outcomes of technical measures are established
by regulations and environmental quality guidelines. As such,
those expected outcomes should ultimately frame the science
needed to determine the effectiveness of technical measures. As
shown for the potato effluent regulation, the total particulate
matter guideline, and the stream restoration techniques, the
expected outcomes may be expressed as one or more indicators
or as techniques and criteria. Regulations can also prescribe the
indicators, the metrics and the analytical methods to be used for
such a study. Management would not be able to use other
scientifically valid indicators, metrics and methods in a
regulatory decisions. The latter could not be used as evidence
of non-compliance with regulatory requirements when such a

Frontiers in Marine Science 07

Changes in sediment concentration
above background levels of the water

Expected outcome

Suspended Sediments for clear flow

Maximum increase of 25 mg:L™" from background levels for any short-term
exposure (e.g., 24-h period). Maximum average increase of 5 mg L from
background levels for longer term exposures (e.g. input lasting between 24
hours and 30 days.

Suspended sediments for high flow

Maximum increase of 25 mg-L”" from background levels at any time when
background levels are between 25 and 250 mg-L™". Should not increase more
than 10% of background levels when background is >250 mg-L ",
Nephelometric turbidity unites (NTU) for clear flow

Maximum increase of 8 NTUs from background levels for a short-term
exposure (e.g., 24 hours period). Maximum average increase of 2 NTUs
from background levels for a longer term exposure (e.g., 30 day period).
Nephelometric turbidity unites (NTU) for high flow

Maximum increase of 8 NTUs from background levels at any one time
when background levels are between 8 and 80 NTUs. Should not increase
more than 10% of background levels when background is >80 NTUs.

study did not use the prescribed analytical methods
in regulations.

Expected outcomes established in regulations and
environmental quality guidelines are tolerance levels considering
the policy objectives that are being sought. The total particulate
matter guideline (e.g. CCME) is a good example because it
provides tolerance levels for the magnitude of change and
duration in the increase in sediments and turbidity above
background levels in relation to the exposure of the aquatic
organisms that were considered when these were established. As
long as the outcome of the implemented sediment and erosion
controls remain below the tolerance levels for sediment and
turbidity, the increase and duration of the changes in sediment
and turbidity is considered tolerable given the need to protect
aquatic life. This would imply that the sediment and erosion
controls of a worksite are effectively reducing the quantity of
sediment laden water reaching a watercourse to levels as lows as
can be reasonably expected in practice. However, the science to
establish such tolerance level would have been based on the
sublethal and lethal effects of habitat impairments caused by
suspended sediments and habitat sedimentation within the
context of a policy for the protection of fish and fish habitats
(CCME, 2002; DFO, 2019a).

Once a regulation and an environmental quality guideline
are in effect, their expected outcomes are used systematically as
conditions of approval for thousands of development projects
and industry activities from that moment onwards (Cormier
et al., 2022). The same can be said of the technical measures
outlined in codes of practice. As long as the technical measures
meet the expected outcomes, they are considered effective. For
the three examples provided (Tables 4, 5, 6), they have been used
for decades with updates in the last ten years or so. Changes to
expected outcomes and technical measures require scientific
studies that are dedicated to effectiveness in order to provide
the justification for updating regulations and environmental
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TABLE 6 Stream Corridor Restoration: Principles, Processes, and Practices (USDA, 2001).

Measured

Technical measure
Outcome

Expected outcome

Restore stream geomorphology (i.e.,
restore the bed and banks, gradient
and contour of the waterbody) to its

Changes to the
geomorphology and

Appendix A: Techniques
Instream Practices: Boulder Clusters, Weirs or Sills, Fish Passages, Log/Brush/Rock Shelters,
habitat structure of a Lunker Structures, Migration Barriers, Tree Cover, Deflectors, Control Measures

initial state watercourse Streambank Treatment: Bank Shaping and Planting, Branch Packing, Brush Mattresses, Coconut
Fiber Roll, Dormant Post Plantings, Vegetated Gabions, Joint Plantings, Live Cribwalls, Live Stakes,
Live Fascines, Log, Rootwad, and Boulder Revetments, Riprap, Stone Toe Protection, Tree

Revetments, Vegetated Geogrids

Water Management: Sediment Basins, Water Level Control
Channel Reconstruction: Maintenance of Hydraulic Connections, Stream Meander Restoration

Stream Corridor Measures: Livestock Exclusion or Management, Riparian Forest Buffers, Flushing

for Habitat Restoration

quality guidelines and for improving technical measures
outlined in codes of practice.

Conclusions

Technical measures are used to manage thousands of
activities and their pressures in both freshwater and marine
environments. Technical knowledge is needed to understand the
effectiveness of technical measures in meeting the requirements
of regulations and environmental quality guidelines. This need
does not preclude the importance of the scientific knowledge
used to establish the expected outcomes of these regulations and
guidelines. The science to determine the effectiveness of
technical measures is very different from ongoing scientific
research on impacts and effects. Effective technical measures
are needed to deliver programs for the protection and
conservation of aquatic life and their habitats in both
freshwater and marine environments. These programs have to
provide a comprehensive suite of regulations, environmental
quality guidelines and codes of practice to provide guidance for
those that have to engineer and tailor technical measures to their
activities and worksites to effectively reduce their pressures.

In this paper, we demonstrate the importance of using
regulations and guidelines to frame the science needed to
determine the effectiveness of technical measures using a few
examples. We recognize that there would also be a need for
scientific research to inform management decisions to establish
the tolerance levels used in regulations and guidelines and also to
revise the levels that are already in place. We consider that this
paper is a small step in moving from the current science-policy
interface providing scientific knowledge for policy to a needed
science-management interface of structured scientific and
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technical frameworks to establish tolerance levels and to
determine the effectiveness of technical measures.
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