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ABSTRACT 
Integrated planning is a policy driven process to establish ecosystem, cultural, social, and 
economic objectives in line with a given policy. Integrated plans can provide the overarching 
framework for multi-jurisdictional engagement, the inclusion of community and stakeholder 
interests, the setting of ecological objectives informed by multi-sectoral interests, the 
compilation of information from different knowledge systems, and ecosystem-based and 
adaptive management. They are a valuable platform for incorporating cumulative effects in 
decision making because comprehensive assessments of cumulative effects require an 
understanding of the ecological impacts of human activities to inform the policies and legislation 
used to manage them. Integrated planning can be used to operationalize an adaptive 
management approach that includes monitoring the state of fish and fish habitat and compliance 
with regulatory actions. Synthesis of information about past and current works, undertakings, 
and activities (and activities not under the jurisdiction of Fisheries and Oceans Canada) within 
an integrated plan will position the Fish and Fish Habitat Protection Program (FFHPP) to 
determine the effectiveness of Departmental management and conservation strategies for fish 
and fish habitat and evaluate program performance. However, FFHPP will also require an 
integrated planning policy to establish goals for planning and the processes to implement 
integrated plans through regulatory decision making process regarding project proposals. The 
context and scope of such a policy will also help frame the science needed to inform the 
planning process, the monitoring activities, and the regular review of the performance of the 
framework, and individual integrated plans regionally. We provide and customize examples from 
integrated planning internationally. 
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INTRODUCTION 
Integrated planning is a policy driven process to establish objectives that may include 
ecosystem, cultural, social and economic objectives depending on the policy. Integrated 
planning is generally used in the development of plans and programs to deliver legislative and 
policy goals and objectives in the management of natural resources including restoration and 
conservation strategies (Cormier et al., 2017; Lester et al., 2020). Within the context of 
cumulative effects, integrated planning can also set environmental targets to address those 
effects. Industry sectors can then use such targets to manage the pressures generated from 
specific industries (Stephenson et al., 2019). Cumulative effects present a challenge to current 
regulatory processes, as they frequently occur at different spatial and temporal scales from the 
original pressures that stem from the kinds of effects that are typically considered in the 
process. This implies that cumulative effects concerns raised by stakeholders are not 
necessarily the result of current or even local activities and their pressures. The effects can be 
the result of past activities and their pressures that occurred in other areas and which may 
manifest at different landscape scales. Thus, collaboration across jurisdictions, stakeholders 
and landscapes is key to the success of integrated planning to ensure that human activities and 
their pressures are managed by best available tools (Newton and Elliott, 2016). Using a 
combination of evidence-driven, along with qualitative approaches, expert and local knowledge, 
integrated planning could bring together stakeholders and competent authorities to figure out 
how to address the cumulative effects identified through monitoring and assessment (Klain et 
al., 2014; Stelzenmüller et al., 2021; Zaucha and Gee, 2019). Finally, the context of any 
integrated planning process should be established in policy to scope the development and 
environmental concerns to be considered before the planning initiative starts (Lawrence, 2011; 
Sitas et al., 2013; Stelzenmüller et al., 2021), which includes the scientific support needed for 
regional cumulative effects assessment and parts of the management cycle outlined in Figure 1. 
The recent amendments to the Fisheries Act (FA) states that cumulative effects (CE) of past 
and current works, undertakings and activities (WUA) shall be considered for all regulatory 
decisions regarding the Fish and Fish Habitat Protection and Pollution Prevention of the Act. 
This amendment raises the question as to how CE could be considered in such decisions 
through integrated planning while being scientifically underpinned. The Fish and Fish Habitat 
Protection Program (FFHPP) requested scientific advice as per the following terms of reference: 
Understanding cumulative effects in integrated planning: 
1. Outline the state of knowledge on how cumulative effects are currently understood to 

manifest on the landscape. 
2. Identify approaches currently used to understand and adaptively manage cumulative effects 

on the landscape. 

This document was developed closely with another research document focused on the science 
needed to support cumulative effects considerations in project review determinations. The two 
CSAS research documents (Cormier et al., 2022; Hodgson et al., 2022) provide the Department 
with preliminary scientific advice on the consideration of cumulative effects (CE) within FFHPP. 
Although cumulative effects and cumulative impacts are often synonymous (Box 1), we use the 
current FFHPP policy statement definition of cumulative harmful impacts from works, 
undertakings and activities that generate pressures and ultimately cumulate effects as impairment 
to fish habitats to support fish life processes as well as effects to fish species, life cycles and 
functions. 
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INTEGRATED PLANNING AND PROJECT REVIEW 
The authors of each team recognize that addressing CE involves multiple levels of management 
and policy across a broad range of activities (Figure 1). In the preparation of this document, we 
attempted to generalize our advice by focusing on two levels of CE considerations: (i) the 
watershed, ecosystem and integrated planning needs (Cormier et al., 2022), and (ii) the site, 
project, and decision making review needs (Hodgson et al., 2022). These two perspectives are 
multifaceted and can be lumped in different ways, but they are part of a circular process. The 
integrated planning scale advises on methods and information required to synthesize FFHPP 
activities across sectors, jurisdictions and regions to achieve broader environmental and 
ecosystem goals. The project review scale advises on standardization and interlinking of 
methods and information required to track CE in project review. 

 

Figure 1. Cyclical flow of information between types of activities in the Fish and Fish Habitat Protection 
Program (FFHPP) of Fisheries and Oceans Canada with Science support and knowledge transfer is 
needed within and at each level of information exchange (i.e. human activity decision making and 
watershed level planning). Projects range from numerous small to large projects within the integrated 
planning spatial unit. 

In Figure 1, the grey dashed line in the center of the diagram conceptually separates the 
cumulative effects (CE) considerations between the landscape or watershed-level context of 
integrated planning and the site-level context of project review. Integrated planning should 
happen at a watershed scale to encompass any hydrological connectivity that can, depending 
on the types and magnitudes of the pressures, allow CE to spread to other ecosystems and 
persist for many kilometers downstream. Watersheds are also good boundaries because they 
include terrestrial activities (e.g., forestry or land cover change) that can affect the state of fishes 
and their habitat. Site-level information can include the characteristics of the habitat and fish 
habitat at the WUA site or zone of influence (Hodgson et al., 2019). Ecosystem and watershed 
information required for CE considerations in project review can be generated from integrated 
planning, while information at the site level is generated from project review. Site-level 
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information from multiple projects can be compiled to inform watershed considerations in 
integrated planning. The Science sector can advise and iteratively support evidence-based 
approaches for integrated planning, project review activities, and information flows. At the 
project scale, the green arrows represent the currently-considered linear pathways from WUAs 
to pressures to stressors to effects. The red arrows indicate potential linkages between project 
pressures and stressors, along with the accompanying, potentially additive changes to fish and 
fish habitat. The current CSAS process speaks to the scientific and management challenges 
imposed by these currently unconsidered and unmanaged additional pathways, as well as their 
subsequent impacts on information flow, planning and decision-making. Thus, Cormier et al. 
(this res doc) initially advises on CE considerations for integrated planning, and Hodgson et al. 
(2022) on CE considerations for project review, with some necessary overlap. It is expected that 
the processes and science at both scales will be iteratively improved through adaptive 
management and adhere to precautionary principles as uncertainties are addressed. 
In this research document, we provide an overview of integrated planning approaches used in 
freshwater and marine environments. We then examine how CE considerations would be 
needed for an integrated planning approach in key aspects of FFHPP policy. We highlight the 
science inputs that would be needed to inform such a process. We also introduce the scientific 
challenges of conducting cumulative effects assessments due to the uncertainties in linking 
stressors and their effects to specific activities and their pressures, which are not only 
influenced by the pressures of human activities, but by natural variability and external factors 
such as climate change. We highlight how this challenge is compounded by the need to identify 
the regulatory and non-regulatory tools suitable to prevent or mitigate pressures from these 
activities. Finally, we discuss the important role of integrated planning to implement adaptive 
management strategies. 

INTEGRATED PLANNING AND CUMULATIVE EFFECTS 
Generally, the context and scope of aquatic and marine planning initiatives is set in policy, 
usually as a requirement of legislation (Neuendorf et al., 2018; Zaucha and Gee, 2019) and 
science can help identify the risks to those policies (Lausch, 2019). Integrated planning is 
mostly concerned with the protection and conservation of ecosystems or with addressing 
environmental issues such as cumulative effects. Depending on the legislation, however, 
integrated planning can also be undertaken to simply organize development activities and 
reduce conflicts between users of a given space. For example, planning under the European 
Maritime Spatial Planning Directive (MSPD) (European Union, 2013) has more to do with spatial 
allocation of maritime activities to reduce health, safety, and conflicting uses for economic 
development, while the European Marine Strategy Framework Directives (MSFD) (European 
Union, 2017a, 2008) has to do with the implementation of an entire suite of measures to achieve 
and maintain good environmental status. These two directives introduce the need for extensive 
coordination and collaboration between the competent authorities’ mandates with planning to 
address their respective development and environmental objectives. Concomitantly, there is 
also growing global consensus that integrated watershed planning in the freshwater realm is 
needed to manage natural resource uses and to conserve ecosystems (Daniel et al., 2019). A 
freshwater example is the Canada-US Great Lakes Water Quality Agreement (Canada and 
United States, 2013). As with the marine examples, this agreement also includes ecological 
objectives considered within the context of cross-sector pressures and beneficial use 
impairment targets in Areas of Concern and lake-wide management planning (Creed et al., 
2016; Friedman et al., 2015). 
Such land-based planning requires extensive coordination and collaboration to bring together 
the different natural resource interests and the many specialists and jurisdictions to develop and 
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implement a plan (Heathcote, 2009). Land-based, watershed, and urban planning are well-
established processes used to organize human activities in relation to land-use, natural 
resources and conservation (Maring and Blauw, 2018; Sinclair et al., 2018; Sitas et al., 2013). 
However, the successful implementation of a plan depends on the ability and capacity of 
authorities and their stakeholders to integrate the plans’ objectives within their industry sector 
plans (Chaffin et al., 2014; Cormier et al., 2019; Cumming et al., 2020; Stelzenmüller et al., 
2021; Stephenson et al., 2019). Such integration continues to be a significant challenge in any 
implementation because of the work involved in adapting regulatory and non-regulatory 
frameworks that are well entrenched in sector management practices (Cormier et al., 2017; 
Elliott et al., 2020a; Stephenson et al., 2019). 
Cumulative effects are the result of alterations to ecosystem structures and functions that occur, 
in some cases, over a long period or over large interconnected areas. From an ecosystem-
based management consideration, human activities intentionally or inadvertently cause 
temporary or permanent changes to habitats and the biota. These changes and their effects on 
individual organisms may interact to drive ecosystem conditions beyond the normal range of 
variability into a degraded state (Jones, 2016). Recognizing that environmental impact 
assessments cannot adequately consider cumulative effects beyond a specific project (Cooper 
and Sheate, 2002; Foley et al., 2017; Noble et al., 2017), a key role of integrated planning is to 
establish the state of the cumulative effects through science-based CE assessments (CEA) at a 
broader landscape scale. Such CEAs should inform environmental impact assessments as to 
the potential contribution of a project proposal to the current level of those effects (Dubé et al., 
2013; Noble et al., 2017). Given the scientific uncertainties in linking effects (to pressures and 
their activities as well as the management and operational uncertainties in the effectiveness of 
any mitigation, offsetting and restoration strategies (DFO, 2014), a strategy of integrated 
planning and environmental assessment processes can only be expected to address cumulative 
effects and realize results in the long-term and not in the immediate or medium term (Duinker et 
al., 2013). This implies that long-term monitoring programs are needed using indicators that can 
detect or predict anthropogenic changes within the background natural variability (e.g. signal-to-
noise ratio) (Appendix I) (Elliott and Quintino, 2018). This is an important aspect considering the 
need to manage the right pressure-activity combinations to address those effects and the 
significant cost trade-offs that are most often involved in avoidance, mitigation, offsetting, or 
restoration decisions (Cormier et al., 2019). Depending in the status of the watershed or 
landscape (i.e. level of degradation or vulnerability), the emphasis on those different 
management actions would differ (e.g. more on avoidance/protection and restoration versus 
mitigation and offsetting). In data poor situations, more qualitative approaches could be used 
(Tallman et al., 2012), and in all situations historical knowledge of the landscape and 
relationships between biota and their surroundings should inform all integrated planning (IP) 
steps (Williams et al., 1997). 

CUMULATIVE HARMFUL IMPACTS TO FISH AND FISH HABITAT 
The FFHPP policy statement (DFO, 2019) also provides a comprehensive framework of 
objectives, pressures, and expected outcomes associated with effective management 
measures. It outlines how regulatory and non-regulatory tools can be applied to avoid harmful 
impacts to fish and fish habitat to maintain the long-term sustainability of fisheries resources and 
biodiversity. It also outlines how this can be achieved through standards and codes of practice 
that avoid, mitigate, and offset harmful impacts to fish and fish habitat. Historically, integrated 
planning for fish habitat management did have a planning function to integrate industry sector 
objectives with fisheries management objectives and avoid cumulative losses of habitats that 
support fisheries resources (DFO, 1986). 
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Based on the amended Fisheries Act, the Fish and Fish Habitat Protection Policy Statement 
(FFHPP policy statement) defines CE as cumulative harmful impacts on fish and fish habitat 
that are likely to result from a work, undertaking or activity (WUA) in combination other WUA’s 
that have been or are being carried out (Box 1) (DFO, 2019). 

Box 1. Section 8.6 of the Fish and Fish Habitat Protection Policy Statement, August 2019 (DFO, 2019). 

Combining the cumulative harmful impacts interpretation (Box 1) with the interpretation of 
harmful impacts to fish and fish and habitat (Box 2 and Box 3), cumulative effects must be 
considered as resulting from past or current temporary or permanent WUAs. In the context of 
fish species this can be interpreted as, 1) increased mortality, or 2) impact on life stages and 
effects on life-cycle functions. In the context of fish habitat, cumulative effects could be 
interpreted as impairment to fish life processes resulting from WUAs causing temporary or 
permanent changes to habitat. Given that effects to fish are more challenging to assess 
scientifically and directly influence given the species population and ecosystem scales involved, 
effects to fish habitat tend to be more feasible to address with avoidance, mitigation, offsetting 
and restoration management strategies of FFHPP. Although the needs and priorities for any 
cumulative effects assessment fall within the roles and responsibility of the Program and their 
policies, the combined interpretations above sheds light on the scientific data and tools that 
would be needed to conduct an assessment for both fish ad fish habitat, and helps to define the 
scope of field monitoring requirements needed to support such assessment. 

Box 2. Section 8.2 of the FFHPP policy statement. 

FFHPP policy statement Section 8.6: Factors to be considered (subsection 34.1(1)) (d) the cumulative effects of 
the carrying on of the work, undertaking or activity in combination with other works, undertakings or activities that 
have been or are being carried on, on fish and fish habitat 

The Department defines cumulative effects as any cumulative harmful impacts on fish and fish habitat that are 
likely to result from the work, undertaking or activity in combination with other works, undertakings, or activities 
that have been or are being carried out. 

The consideration of cumulative effects provides a better understanding of the challenges to the aquatic 
ecosystem outside of the context of the reviews of specific works, undertakings, or activities. The Department is 
responsible for collecting the information needed to consider the cumulative effects of a proposed work, 
undertaking or activity. 

FFHPP policy statement Section 8.2: Death of fish (section 34.4) 

The prohibition in subsection 34.4(1) states that: 34.4 (1) No person shall carry on any work, undertaking or activity, 
other than fishing, that results in the death of fish. 

Under subsection 34.4(2) a person may carry on such works, undertakings or activities without contravening this 
prohibition, provided that they are carried on under the authority of one of the exceptions listed in subsection 
34.4(2), and in accordance with the requirements of the applicable exception. In most cases, this exception would 
be Ministerial authorizations granted to proponents in accordance with the Authorizations Concerning Fish and 
Fish Habitat Protection Regulations. This exception is provided for under paragraph 34.4(2)(b), which is described 
further in Section 8.4 below. The Fisheries Act includes a number of other exceptions, some of which have not yet 
been brought into force, which are described in Section 9 below. 

The Department will apply a risk-based approach when evaluating the impacts of works, undertakings or 
activities on fish. Where death of fish is likely as a result of a work, undertaking or activity, the Department shall 
consider the relative contribution of the potentially affected fish and their habitat to the productivity of 
the relevant fisheries before considering issuing a s.34.4(2)(b) Authorization. In doing so the Department 
may consider issues such as which species are likely to be affected, at what stage of their life the 
impacts may occur, and which life-cycle functions may be affected. 
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Box 3. Section 8.3 of the policy statement. 

The intent of a planning process is to engage partners and stakeholders to support decisions 
regarding project investments and economic development early on to be better prepared and to 
advise on mitigation and conservation measures as well as habitat restoration and offsetting 
strategies (DFO, 2021). In addition, a planning process also needs to identify areas that are 
sensitive to threats at a landscape scale to provide such advice. Science is also needed to 
provide information on the state of fish and fish habitat in order to inform the planning process. 
This requires structured and integrated monitoring programs, and assessment support of 
varying types. As illustrated in Figure 2, monitoring within the WUA footprint would to allow 
assessment of the effectiveness of management measures implemented for that WUA. 
However, additional monitoring of fish habitat would also be needed to assess the pressure 
footprint from the residual impairment resulting from other WUAs within the same landscape. 
These data, combined with other scientific knowledge and reference data regarding natural 
variability, climate changes, would then be used to identify the stressors generated from the 
pressures that combine in multiple ways (e.g. synergistic, antagonistic Murray et al., 2020) and 
ultimately assess cumulative effects at a broader ecosystem, effects-footprint level. From this 
cycle of assessment, the predominant pressures that are threatening fish and fish habitat could 
then be considered in the planning process to determine the most effective way to reduce and 
remediate the pressures and ultimately their effects through coordination with other partners or 
improvements to the regulatory and non-regulatory tools of the Program (e.g. Prime et al., 
2013). 

FFHPP policy statement Section 8.3: Harmful alteration, disruption or destruction of fish habitat (section 35): 

The prohibition in subsection 35(1) states that: 35. (1) No person shall carry on any work, undertaking or activity 
that results in harmful alteration, disruption or destruction of fish habitat. 

Under subsection 35(1) a person may carry on such works, undertakings or activities without contravening this 
prohibition, provided that they are carried on under the authority of one of the exceptions listed in subsection 
35(2), and in accordance with the requirements of the appropriate exception. In most cases, this exception would 
be Ministerial authorizations granted to proponents in accordance with the Authorizations Concerning Fish and 
Fish Habitat Protection Regulations. This exception is provided for under paragraph 35(2)(b), which is described 
further in Section 8.4 below. The Fisheries Act includes a number of other exceptions, some of which have not 
yet been brought into force, which are described in Section 9, below. 

The Department will apply a risk-based approach when evaluating the impacts of works, undertakings or 
activities on fish habitat. Following from the definition of fish habitat noted above, the Department interprets 
“harmful alteration, disruption or destruction” as any temporary or permanent change to fish habitat that 
directly or indirectly impairs the habitat’s capacity to support one or more life processes of fish. 
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Figure 2. Integrated planning and cumulative effects assessment cycle delineating where WUA, pressure 
and effects footprints might be considered and by which sector. Stressors, the proximal variables that 
produce biotic effects are assessed by Science in connecting impairments back to pressures and 
activities that the Program can manage. 

MANAGING THE PRESSURES TO REDUCE THE EFFECTS 
Cumulative effects assessments are seldom used in real-world management processes 
because of the complexities of tracking multiple effects on different ecosystem components and 
linking these effects to the activities to be managed (ICES, 2019; Stelzenmüller et al., 2018). 
The context and scope of these assessments varies across management sectors and 
ecosystems, depending on the spatial and temporal scales involved. This complexity and 
variability means that each assessment may assume different cause-effect relationships, 
requiring different data and methods for assessment as well as different indicators and the 
endpoints (Hodgson and Halpern, 2019; Murray et al., 2020). 
Given that planning should ultimately guide management strategies to address cumulative 
effects, the causes of the effects identified by such assessments ultimately need to be linked to 
the disturbances from the activities to be managed. Without this link, it is not possible to justify 
changes to management practices in a regulatory context, and forces the focus onto one of 
restoration and remediation only. The causal pathways of effects in terms of ecosystem or biotic 
responses are inherently difficult to link to the root-causes because of the variability in 
anthropogenic and natural gradients in the pathways of influence, the multiple scale-dependent 
mechanisms, the nonlinear responses, and the roles of current and historical influences (Allan, 
2014), not to mention anticipated. From freshwater to marine ecosystems, there are thousands 

FFHPP

Determination of 
potential harmful 

impacts

Avoidance
Mitigation 
Offsetting

Science
Monitoring of 

stressors caused by 
the impairment to 

fish habitat

FFHPP
Integrated planning 

to address the 
predominant 

pressures

FFHPP

Improvements to 
regulatory and non-

regulatory tools

W
or

k,
 U

nd
er

ta
ki

ng
 o

r A
ct

iv
ity

-F
oo

tp
rin

t

Pressure-Footprint

Ef
fe

ct
s-

Fo
ot

pr
in

t

Adaptive Management

Pressures

Monitoring the state 
of impairment to 

fish habitat

Science
Assessment of the 

effects from 
multiple stressors on 
fish and fish habitat

Proposed Work
Undertaking or 

Activity

Current or past 
Works, 

Undertakings or 
Activities including 

restoration



 

8 

of cause and effects pathways across watershed (including lakes and rivers), coastal, and 
marine scales (Borgwardt et al., 2019). There is a need for scientific research to delineate the 
pressures from the stressors of effects to enable the development of management tools that are 
most effective at managing activities and their pressures (residual impacts) as shown in Figure 
2. We don’t necessarily need full understanding however to identify the main management 
levers to make improvements. 
Management measures developed and implemented for causes that are loosely linked to effects 
can prove to be ineffective (Stelzenmüller et al., 2020). To improve effectiveness, the spatial 
scale of management and the relevant cumulative effects should be considered. These include 
an assessment of the area where the human activities occur (activity-footprint), the area 
covered by the pressures of these activities as the mechanism and intensity of change on the 
prevailing habitats and species (pressure-footprint), and the area of the adverse effects as a 
result of the stresses generated by the pressures (effects-footprint) (Figure 2) (Elliott et al., 
2020b). Environmental regulatory and non-regulatory frameworks used to manage sector 
activities regulate the impacts and disturbances within the footprint of the individual activities 
through conditions of authorizations, licenses, and permits. In contrast, integrated planning 
identifies the pressures from multiple activities within the footprint of the pressures at a broader 
landscape scale to establish management strategies to eliminate or reduce the pressures and 
ultimately the cumulative effects within the ecological footprint of these effects (Elliott et al., 
2017; Stelzenmüller et al., 2018). 
Using the European MSFD as a guide (Appendix I), Table 1 outlines the type of indicators that 
would be considered for each of the threats listed in the FFHPP policy statement. As a template, 
this framework could be further developed to identify the effects at a landscape scale linked to 
the predominant pressures and impacts, and the human activities that generate them. As 
mentioned above, the framework adapted to a freshwater context could provide insight as to the 
different types of indicators that would be needed for monitoring the effectiveness of the 
management measures in the WUA footprint, the state of impairment in the pressure footprint 
and the stressors within the effects footprint in relation to specific ecosystem objectives. Table 1 
is a preliminary analysis of potential indicators that would have to be developed further in 
collaboration with FFHPP. More comprehensive lists of pressures and effects are available in 
the Pathways of Effects CSAS research document (Brownscombe et al 2021). Next steps, 
perhaps for a DFO cumulative effects working group, would be to specify the indicators to be 
measured and methods. Table 1 should be compared against other North American (NA) and 
international efforts in freshwater systems and mapped out against the pathways of effects to 
connect activity to pressure to stressor and ultimately effect pathways at regional scales. 
Regional CEAS are most relevant to the integrated planning process. 
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Table 1. Examples of activities, pressures, and their effects footprints (Figure 2) for freshwater 
ecosystems using the format of the EU Marine Strategy Framework Directive (Appendix I) as a template. 

Threats to fish and 
fish habitat as defined 
in Fish and fish habitat 
protection policy 
statement, August 
2019 

Indicators of WUA-
footprints 

Indicators of the 
pressure-footprint 

Indicators for the 
effects-footprint 

Good environmental 
status objectives 

Definitions  Activities are the 
human actions that 
can alter ecosystems 
and can result from 
human need for food, 
shelter, transportation, 
health, and clean 
water. 

Pressures are events 
or agents (biological, 
chemical or physical) 
exerted by one or 
more human activities 
to elicit an effect (that 
may lead to harm or 
cause adverse 
impacts). (Murray et 
al., 2020) 

Effects are changes to 
the environment or to 
health, social or 
economic conditions 
and the positive and 
negative 
consequences of these 
changes. (DFO, 2019) 

Objectives are 
statements that define 
healthy ecosystem 
status and are 
informed by 
understanding of 
pristine or near pristine 
conditions for fish and 
fish habitat 

Habitat degradation, 
which may occur as a 
result of the removal or 
change of important 
habitat components, 
blocking fish passage, 
infilling of lakes, 
streams or wetlands to 
create dry land, or 
other activities in 
freshwater or marine 
environments that 
impair their ecological 
functions 
 

Infilling e.g., for urban 
development 
 
Draining of wetlands 
e.g., for agricultural or 
development purposes 

Dewatering of lakes 
and or rivers e.g., for 
mineral extraction 

Permanent physical 
loss of fish habitat 
 
Alteration of water 
budgets  

Loss of vegetative 
nursery habitats 

Fish mortality 
 
Fish biodiversity loss 

Declines in fish 
productivity or changes 
in community structure 

Permanent alteration 
has minimal impact on 
lake-wide or 
watershed-level 
metacommunity 
dynamics. 

Offsetting actions 
maintain biological 
diversity and sensitive 
wetlands are 
protected.  

Offsetting actions 
maintain biodiversity at 
watershed scale. 

Habitat modification, 
which may alter habitat 
characteristics (such 
as flow), negatively 
affect spawning or 
rearing, or cause the 
death of fish, and 
which may be caused 
by dams or other 
impoundments, water 
diversion, stream 
crossings or water 
extraction for 
municipal, industrial or 
other uses 

River regulation e.g., 
for hydropower 
generation  
 
Shoreline armouring 
e.g., for urban 
development 
 
Water diversion e.g., 
for agricultural 
irrigation 

Dredging of rivers or 
lakes e.g., for 
recreational or 
commercial navigation 

Alteration of flow 
regimes 
 
Fragmentation of 
habitat 
 
Disruption of natural 
shoreline processes 
e.g., wave action or 
sedimentation regimes 
 
Alteration of water 
budgets and 
groundwater or 
hydrological regimes  

Alteration of substrates 
and bottom sediments 

Alteration in the 
movement and 
migration of species 

Loss of nearshore 
habitats important for 
different life stages 
and species 

Alteration of nutrient 
dynamics 

Alteration of habitat 
use or loss of 
functional habitats 

 

Level of fragmentation 
does not disrupt 
biodiversity, habitat 
use, and population or 
community dynamics. 

Nearshore spawning 
and nursery habitats 
are not permanently 
impacting by 
armouring activities. 
 
Human-induced 
eutrophication 
associated with 
agricultural water 
withdrawals and 
fertilizer application is 
minimized to reduce 
the potential of harmful 
algal blooms and 
oxygen deficiency in 
bottom waters. 

Dredging does not 
result in permanent 
habitat loss or disrupt 
the migration and 
movement of fishes. 
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Threats to fish and 
fish habitat as defined 
in Fish and fish habitat 
protection policy 
statement, August 
2019 

Indicators of WUA-
footprints 

Indicators of the 
pressure-footprint 

Indicators for the 
effects-footprint 

Good environmental 
status objectives 

Aquatic invasive 
species, which may 
threaten fish through 
competition, predation 
or habitat impacts 

Aquaculture of non-
native species e.g., 
for food  

Recreational fishing 
e.g., introduction and 
stocking of non-native 
species for sport 
fisheries 

Input of genetically 
modified species and 
translocation of native 
species 

Input or spread of non-
indigenous species  

Alteration of species 
composition 

Declines in less 
competitive native 
species 

Alteration of habitat 
quality e.g., 
introduction of 
Dreissenid mussels 

Non-indigenous 
species introduced by 
human activities are at 
levels that do not 
adversely alter the 
ecosystems. 

Non-native species 
stocking does not 
disrupt the community 
dynamics of receiving 
waters.  

Overexploitation of 
fish, which may lead to 
depleted or 
unsustainable 
populations 

Commercial and 
recreational fisheries 
for food, recreation 
and or sport 
 

Extraction of, or 
mortality/injury to, wild 
species  

Loss of fish 
abundance/biomass 
 
Alteration of population 
and community 
dynamics 

Populations of all 
commercially and 
recreationally exploited 
fish and shellfish are 
within safe biological 
limits, exhibiting a 
population age and 
size distribution that is 
indicative of a healthy 
stock. 

Pollution of many 
kinds, which may 
adversely affect water 
quality and fish health 

Industrial and urban 
development e.g., 
chemical or thermal 
effluents from 
industrial activities 

Diffuse and point 
source releases of 
deleterious substances  
 

Reduction in habitat 
quality 
 
Fish mortality 
 
Proliferation of 
pollution tolerant 
species and loss of 
sensitive species 

Concentrations of 
contaminants are at 
levels that do not give 
rise to pollution / toxic 
effects. 

 

Climate change, 
which is causing water 
temperatures to 
increase and is 
bringing changes to 
the geographical 
distribution of some 
species, rainfall 
patterns, water levels, 
flows, water chemistry, 
and temperature, that 
are important to 
support the 
characteristics and 
proper ecological 
function of fish habitat 

Transportation and 
industrial GHG 
emissions  

Alteration of thermal 
and hydrological 
regimes 

Shifts in thermal 
habitat and dissolved 
oxygen dynamics 
 
Redistribution of 
spatial range of 
species 
 

Adaptation actions 
minimize the effects of 
climate change on fish 
and fish habitat 
resulting in 
maintenance of 
biodiversity, species 
distributions, and 
community dynamics. 
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INTEGRATED PLANNING AND ADAPTIVE MANAGEMENT 
Adaptive management is the iterative process of learning the effectiveness of management 
actions through monitoring and evaluation of those actions, which then provides the basis for 
continuous improvement of management strategies over time (Figure 3) (Faber et al., 2007; 
Holling, 1978; Walters, 1986). An integrated planning cycle involves planning, plan 
implementation, and monitoring, with the necessary iterations to operationalize an adaptive 
management approach (Stelzenmüller et al., 2021). This implies that the measures identified in 
the plan are monitored and evaluated in terms of the expected outcomes of the measures and 
the objectives being sought. This also implies the need to monitor conformity and compliance to 
provide insight into the measures’ effectiveness and the performance of the plan in achieving its 
objectives. Monitoring programs must be fit for the purpose of the plans’ intents in order to avoid 
monitoring for the sake of monitoring (Noble and Birk, 2011). 

 

Figure 3. Schematic diagram linking regulatory review or decision making processes in the broader 
integrated planning framework and beyond. Information flows both ways, as the arrows indicate. 

An integrated plan within FFHPP would need to establish what is to be assessed (after 
engagement with communities, other management jurisdictions, and sectors) to ensure that 
monitoring programs will deliver the appropriate data to conduct such assessments. Monitoring 
and tracking project impacts to fish and fish habitat, including compliance, will be needed to 
provide an understanding of the temporary and permanent changes occurring within the 
footprint of the projects (including direct and indirect impairments). However, monitoring of the 
pressures at a broader watershed scale would also be needed to understand the level of 
impairment to the capacity of fish habitat to support life processes of fish or the level of fish 
mortality (Box 2 and Box 3). Science would need to develop criteria for impairment in terms of 
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fish habitat capacity to support life processes of fish, and where achievable, the level of fish 
mortality incurred, but in many regions this involves potentially a huge number of species 
(Katsanevakis et al., 2020). Nonetheless tools exist that can help standardize equivalencies 
used for pre and post project evaluations that help gauge the potential impacts even when field 
data is lacking and where large fish communities are represented by guild and life stage 
responses in habitat supply (e.g. HEAT, DFO 2019). Analysis of project pre- and post-WUA 
data, and targeted regulatory monitoring of different types of WUAs, combined with scientific 
monitoring of reference area with good experimental design, requires coordinated effort that can 
be facilitated through IP. 
Although the science involved in monitoring CE is robust (Dubé, 2003; Dubé et al., 2013), it may 
not be relevant to the questions needing answers for habitat managers and stakeholders as well 
as regulators (Duinker and Greig, 2006; Foley et al., 2017). Integrated planning also plays a key 
role in identifying the questions for science advice, such as further examinations of monitoring 
and assessment results, regarding new emerging activities and their pressures, as well as 
improvements to management strategies and their measures (Box 4). 

Box 4. Factors that may influence future iterations of a plan during a review. 

Integrated planning informs how such information is merged within the context and scope of the 
policy, for the initial planning and subsequent review phases, and in consultation with partners 
and stakeholders (Stelzenmüller et al., 2020, 2018). In risk management (ISO, 2018), a residual 
effect is the deviation from the desired policy objectives that are expected outcomes of 
management decisions and strategies. Therefore, a cumulative effects assessment tied to a 
planning policy could evaluate the temporary and permanent changes to fish habitat, the 
impairment of the habitat’s capacity to support life processes of fish, the changes to fish habitat 
and/or the productivity of the relevant fisheries. It is up to the program and its policies to 
establish the context and scope of such assessments (Stelzenmüller et al., 2020, 2018). 
Examples of planning processes are available across a wide range of environmental 
management strategies (Ehler and Douvere, 2009; Stelzenmüller et al., 2020, 2018). Informed 
policy ultimately determines the frequency of conducting a review after plan implementation. 
These periodic evaluations typically vary from 5-year reviews for smaller planning initiatives to 
decadal timeframes for large scale planning initiatives (Coordinated Science and Monitoring 
Initiative under Science Annex of GLWQA, 2013; USFWS 2015) (Canada, 2007; Canada and 
United States, 2013; European Union, 2017b). 
There are many types of assessment and reporting tools used to inform policies and 
management decisions. Each is developed for very specific scales and ecosystem concerns, to 
address different policy contexts and objectives. They may include, for example: 

• the state-of-the-habitat reports and report cards (Anderson et al., 1999; Andersson and 
Bodin, 2009; Astudillo-García et al., 2019; Logan et al., 2020; Paquette et al., 2020); 

• ecosystem overviews (DFO, 2005; Lee, 2006); 

• new scientific knowledge regarding habitats, species, populations (including thresholds); 

• emerging trends in ecosystems processes and components at various scales; 

• new types of activities that are not addressed through current measures to address their impacts; 

• changes in legislation, policies and programs (as they affect the evaluation endpoints); 

• new or more effective technologies to avoid and mitigate harm to fish and fish habitat; and 

• new or more effective offsetting and restoration methods or direction. 
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• integrated ecosystem assessments (Bain et al., 2008; Foley et al., 2013); 

• ecosystem vulnerability assessments (Aps et al., 2018; Pavlickova and Vyskupova, 2015); 

• human activity assessments (Halpern et al., 2015, 2009); and 

• pressure assessments (Canter et al., 2014). 
There are also many cumulative effects assessment frameworks and approaches (Clarke 
Murray et al., 2015; Duinker et al., 2013; Katsanevakis et al., 2011; Korpinen and Andersen, 
2016; Logan et al., 2020). This diversity of approaches highlights the spatial and temporal 
differences between activities, pressures and effects and the challenges such differences 
introduce for adaptive management approaches to human activities. Each of these approaches 
have different relevance to the fish and fish habitat policy objectives from a regulatory review 
and integrated planning perspective and, more so, for the type of science needed to support it 
(Bogardi et al., 2020; Borja et al., 2020, 2016). The challenge is to produce cumulative effects 
assessments that are usable in regulatory and planning processes, implying a tight alignment 
between the selection of indicators for monitoring and the science needed to do the assessment 
with an integrated planning policy and process that is designed to use the results of such 
assessments in the improvement of their management measures and strategies in regulatory 
processes (ICES, 2019)  
Examples of fish and fish habitat cumulative assessments (Pickard and Porter, 2017), or 
multiple stressor evaluations, in freshwater that would be pertinent to integrated planning as 
case studies, include (but are not limited to): 

• Canadian Aquatic Biomonitoring Network (CABiN) 

• Wild Salmon Policy – Habitat Indicators (Stalberg et al., 2009) 

• Joe Cumulative Effects Impact Model (MacPherson et al., 2019) 

• Salmon Watersheds Program 

• Skeena Environmental Sustainability Initiative (Pickard and Porter, 2017) 

• Watershed Status Evaluation Protocol (Pickard et al., 2020, Porter et al., 2020) 

• Moose River Basin CEA (Greig et al., 1998) 

• South Saskatchewan River Watershed (Ball et al., 2013) 

• Watershed Planning in Ontario (2018) 

• Hydro-Quebec CEAs (Berube, 2007) 

• Gulf Region watershed restoration (DFO, 2006) 

• US Healthy Watersheds Program and US Fish Habitat Partnership 
Domestic and International examples from other biota, such as Natura 2000 in Europe (Harker 
et al., 2021) and the North American Bird Conservation Initiative (nabci.net) might also provide 
insight into landscape planning that could be modified for aquatic purposes, and also synergies 
that might exist with existing initiatives that are also using geospatial planning. Several initiatives 
under the Great Lakes Water Quality Agreement and International Joint Commission have 
relevance as fish and habitat are often an impairment being assessed or an important indicator 
in evaluations (Canada, United States, 2013). A comprehensive review of CEAs (especially 
regional ones) and watershed or large lake planning initiatives related to fish and fish habitat 
indicators should be undertaken to inform Canadian integrated planning moving forward. 

https://www.canada.ca/en/environment-climate-change/services/canadian-aquatic-biomonitoring-network.html
https://salmonwatersheds.ca/
https://www2.gov.bc.ca/gov/content/environment/natural-resource-stewardship/cumulative-effects-framework/regional-assessments/skeena
https://www.epa.gov/hwp
https://www.fishhabitat.org/


 

14 

Comparing and contrasting the approaches would provide not only a horizon scan of already 
available information to FFHPP but also identify gaps that need filling for standardizing a unified 
approach federally. 

DISCUSSION 
Challenges for Integrated Planning and Recommendations for Next Steps 
Consideration of cumulative effects in an integrated planning setting involves many moving 
parts that cannot be generalized in one document to cover all scenarios. The definition of CE 
(Box 1); “any cumulative harmful impacts on fish and fish habitat that are likely to result from the 
work, undertaking or activity in combination with other works, undertakings, or activities that 
have been or are being carried out,” carries a number of implications in both ecological and 
legal terms. These implications give rise to a set of challenges that integrated planning will need 
to address within a framework to integrate each of the following. 
Spatial considerations: 
Considering WUA’s that occur in combination with other works implies spatial overlap, and this 
overlap will make it difficult to isolate the potentially harmful impacts of one over another. It also 
leaves open the question of how far-reaching the consideration of impacts and responsibilities 
should extend. How different pressures should be considered in relation to one another varies 
considerably depending on a variety of factors such as the ecology of the system, hydrology, 
and the spatial scale and magnitude at which pressures are exerted. Furthermore, large-scale 
projects that require impact assessments may need to be considered in a different way than 
numerous point-source impacts and yet need to be integrated into area-based assessments that 
inform indicators to be used at the project level and to inform watershed level decisions (e.g. 
ESAs, restoration and offsetting options). The available knowledge and ability to acquire 
knowledge about the state of habitats will vary with spatial scale and location, and so too will the 
uncertainty about the potential pressures and effects. This uncertainty will need to be addressed 
iteratively through proper management cycles and effective partnerships to update measures. 
We recommend as a starting point using a tertiary watershed resolution (Chu et al., 2015; DFO, 
2019; Paquette et al., 2020) to consolidate information, while a larger, but relatively consistent, 
spatial area (e.g. secondary watershed or ecoregion) may be more practical for shared 
visioning, planning, and integration (de Kerckhove et al., 2017). 
There are different spatial scales of consideration: mapping, evaluation and assessment. Base 
information on past or proposed WUAs and the current CE conditions can be mapped at local 
and sub-watershed scales, the evaluation of activity footprints or stress maps might be at the 
tertiary watershed sale, however effects footprints may be larger ecoregional units. In Canada, 
there are roughly 1000 tertiary watersheds and large lake basins (e.g., Lake Winnipeg, Lake 
Superior) that have already been used for evaluation (Water Survey of Canada. 1977). The US 
Fish Habitat Partnership uses a HUC 12 watershed system with approximately 90,000 spatial 
units to map status but a larger ecoregional approach to report on effects and targets. Several 
ecoregional approaches in Canada exist but their methods should be compared and 
synthesized to develop a consistent national approach, but one that is customizable to local 
needs, and does not duplicate effort in well-developed watershed plans that can met the needs 
of FFHPP. European and US approaches should also be compared and contrasted in a 
scientific evaluation based on spatial data availability and also evaluated for whether regulatory 
and policy needs are met. 
Temporal considerations: 
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“…works, undertakings, or activities that have been or are being carried out…” implies an 
undefined temporal window of overlap between different pressures and their effects. This calls 
into question the window of responsibility that proponents have, which will likely vary depending 
both on the pressures and the systems being impacted. Pressures may also have different 
effects depending on the time of year, the duration of exposure, and the time it takes for a 
habitat or species to experience deleterious effects. These factors mean that cumulative effects 
will manifest differently in different systems so that that resilience, phenology, and regenerative 
capabilities of systems will need to be considered relative to the duration of impacts and their 
timing. There are also temporal considerations involved in different aspects of integrated 
planning: like baselines (i.e. what reference point in history, or in novel systems, to start footprint 
accounting and comparison), the natural temporal variation of systems, and anticipated 
conditions (future planned projects, climate projections). 
Goals and Targets: 
The phrase “…harmful impacts on fish and fish habitat that are likely to result from the work, 
undertaking or activity…” identifies the need for a definition of impacts, and the fish and fish 
habitats to be considered (Hodgson et al., in review). These impacts will need translation at a 
species and habitat level to evaluate against measurable targets, such as “0% reduction in 
habitat available for spawning by Atlantic Salmon”, but also what that means for other fish and 
fisheries in the area. These goals may be drawn from existing resources such as local fisheries 
and habitat management targets where they exist, or they may need development in 
watersheds without plans or where there may be balance needed between diametrically 
opposed management goals. However, the context of cumulative effects requires a broader 
watershed or ecosystem view. This larger view will likely need interpretation depending on 
various contexts (e.g., natural capacity or resilience – Leung and Richardson 2016, 2018, 
degraded conditions – IJC 2020, Cooke et al., 2020) but will ultimately need refinement and 
compression into decision guidance or actions at the watershed level. Decisions and actions are 
supported by repeatable goals and targets that integrate across system complexity as 
simplistically as possible, and which are synergistic with each other, with at least regional 
standards, goals and targets, but there should be some room for customization if there are 
unique landscape or ecosystem conditions to consider. Science can help with evaluation of 
possible or probable options, such as threshold setting that both informs precautionary 
approaches in pristine areas and restoration practices in degraded areas. 
Indicators and Scenario Planning: 
To support goals and targets, indicators will be needed that are flexible enough to 
accommodate a variety of ecological and pressure scenarios. Because of the spatial and 
temporal components identified above, planning will require both retrospective and forward 
thinking, as well as data and Indigenous knowledge to support analyses and forecasting. 
Planning will therefore need to invest in independent baseline and collaborative monitoring that 
is not driven, but perhaps contributed to, by proponents’ data. This monitoring will allow for a 
broader understanding of the current and achievable state of fish and fish habitats. Tools such 
as eDNA, community-based monitoring, or remote sensing, and monitoring programs executed 
by other jurisdictions can be implemented and identified as part of integrated planning (Lester et 
al., 2020a, 2020b). Investment in modelling approaches that facilitate scenario planning based 
on standard output indicators are also useful tools (Carlson et al., 2014). These are especially 
useful where monitoring may not be conducted for long enough periods to observe a response, 
but when mechanistic connections are understood and can be modelled, or when selection 
between different actions or management measures needs to be tested and facilitated in 
decision support systems (these may be spatial planning tools given enough baseline 
information). 
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Risk Categorization & Management Actions: 
Ultimately, CE is the recognition of existing risk accrual that requires effective tools for 
management and planning. The desired management response needs to exist in policy that 
arises from a set of existing rules. However, our understanding of the existing risk landscape 
and how that landscape should intersect with rules is still in its infancy. Thus, at least for the 
near-term, management actions and process will need to be flexible to accommodate this 
uncertainty, and proponents will need to be guided through this uncertainty that may require 
offset ratios (DFO, 2016), for example, until uncertainties are reduced by appropriate study. 
Science can provide support on quantifying and reducing uncertainty, but will require access to 
existing (e.g., FFHPP’s PATH system) and new (e.g., baseline monitoring) data to improve 
decisions iteratively as uncertainty is reduced. Finally, the lack of a ‘one-size-fits-all’ approach 
highlights the fact that it may be impossible to draw direct causal linkages between disparate 
individual pressures. This knowledge gap means that the resulting unaccounted-for effects must 
either be dealt with through adaptation of activities or as a shared responsibility of the tolerable 
risks to fish and fish habitat. 

CONCLUSION 
Integrated plans can provide the overarching framework for multi-jurisdictional engagement, the 
inclusion of community and stakeholder interests, the setting of ecological objectives informed 
by multi-sectoral interests, and ecosystem-based and adaptive management. They are the ideal 
platform for incorporating CE because comprehensive assessments of CE often require 
understanding of not only ecological impacts, but the human activities, policies, and legislative 
infrastructure that lead to CE affecting the condition of natural resources. This requires an open 
and critical review of management measures in the context of an adaptive management 
approach that includes monitoring of the state of fish and fish habitat, compliance with 
regulatory actions, and continual evaluation of whether objectives have been met. This will be 
the key to determining the effectiveness of integrated plans. 
Integrated planning at FFHPP will require policies that support the establishment and 
implementation of integrated plans, and broad guidance on the goals of the policy e.g., long-
term sustainability of fish and fish habitat. For FFHPP to integrate “integrated planning” into their 
policy/processes they need to consider these elements of an Integrated Plan, some of which are 
not science-based but are all linked (Zaucha and Gee, 2019): 

• clear linkages between the plan and policy to allow for evaluation of the policy’s 
effectiveness given specific targets; 

• understanding of the legislative and policy landscape to identify and engage with Indigenous 
communities, stakeholders, and other governing bodies whose mandates include aquatic 
ecosystems or fish and fish habitat; 

• clear ecological and conservation objectives informed by stakeholder input and broad 
engagement and consultation with the groups above; 

• measurable management and monitoring metrics informed by ecosystem-based science 
and Indigenous knowledge for cumulative effects assessment and an understanding of how 
community and stakeholder interests are in turn affected; 

• implementing a cyclical process that evaluates watershed metrics (e.g. cumulative activity 
footprints) against similarly scaled objectives (e.g. population status, habitat quality and 
quantity in good standing), and the overall plan’s performance in terms of the policy 
objectives (e.g. targets for the areas); and, 
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• targeted science to understand the cumulative effects in freshwaters at appropriate scales 
(e.g. watersheds) to determine activity, pressure, and effects footprints of works, 
undertakings, and activities, and to establish targets for management and monitoring 
metrics. 

• integrated planning monitoring strategies based on assessment of indicator responsiveness 
and data availability, establishing strong links between planning objectives, indicators, and 
fit-for-purpose data collection. 

Each of these steps will require that systematic processes (e.g., a series of hierarchical rules 
and needs), are defined and synthesized into an integrated planning template that can be 
applied in a consistent fashion to different works, undertakings, and activities scenarios, 
including restoration in different ecological regions of Canada. 

REFERENCES CITED 
Allan, D.J., 2014. Landscapes and Reverscapes: The Influence of Land Use on Stream 

Ecosystems. Annu. Rev. Ecol. Syst. 35, 257–284. 
Anderson, L., Wyatt, B.K., Denisov, N., Kristensen, P., 1999. State of the environment reporting: 

Institutional and legal arrangements in Europe. Eur. Environ. Agency Tech. Rep. 38. 
Andersson, E., Bodin, Ö., 2009. Practical tool for landscape planning? An empirical 

investigation of network based models of habitat fragmentation. Ecography (Cop.). 32, 123–
132.  

Aps, R., Herkül, K., Kotta, J., Cormier, R., Kostamo, K., Laamanen, L., Lappalainen, J., Lokko, 
K., Peterson, A., Varjopuro, R., 2018. Marine environmental vulnerability and cumulative risk 
profiles to support ecosystem-based adaptive maritime spatial planning. ICES J. Mar. Sci.  

Astudillo-García, C., Hermans, S.M., Stevenson, B., Buckley, H.L., Lear, G., 2019. Microbial 
assemblages and bioindicators as proxies for ecosystem health status: potential and 
limitations. Appl. Microbiol. Biotechnol. 103, 6407–6421.  

Bain, M.B., Singkran, N., Mills, K.E., 2008. Integrated ecosystem assessment: Lake Ontario 
water management. PLoS One 3.  

Ball, M., Somers, G., Wilson, J.E., Tanna, R., Chung, C., Duro, D.C., and Seitz, N. 2013. Scale, 
assessment components, and reference conditions: issues for cumulative effects 
assessment in Canadian watersheds. Integr. Environ. As- sess. Manage. 9(3): 370–379. 
doi:10.1002/ieam.1332. 

Bérubé, M., 2007. Cumulative effects assessments at Hydro-Québec: what have we learned? 
Impact Assessment and Project Appraisal. 25(2): 101-109. 

Bogardi, J.J., Leentvaar, J., Sebesvári, Z., 2020. Biologia Futura: integrating freshwater 
ecosystem health in water resources management. Biol. Futur.  

Borgwardt, F., Robinson, L.A., Trauner, D., Teixeira, H., Nogueira, A.J.A., Lillebø, A.I., Piet, 
G.J., Kuemmerlen, M., O’Higgins, T., McDonald, H., Arevalo-Torres, J., Barbosa, A.L., 
Iglesias-Campos, A., Hein, T., Culhane, F., 2019. Exploring variability in environmental 
impact risk from human activities across aquatic ecosystems. Sci. Total Environ. 652.  

https://doi.org/10.1111/j.1600-0587.2008.05435.x
https://doi.org/10.1111/j.1600-0587.2008.05435.x
https://doi.org/10.1093/icesjms/fsy101
https://doi.org/10.1093/icesjms/fsy101
https://doi.org/10.1007/s00253-019-09963-0
https://doi.org/10.1007/s00253-019-09963-0
https://doi.org/10.1007/s00253-019-09963-0
https://doi.org/10.1371/journal.pone.0003806
https://doi.org/10.1371/journal.pone.0003806
https://doi.org/10.1007/s42977-020-00031-7
https://doi.org/10.1007/s42977-020-00031-7
https://doi.org/10.1016/J.SCITOTENV.2018.10.339
https://doi.org/10.1016/J.SCITOTENV.2018.10.339


 

18 

Borja, Á., Andersen, J.H., Arvanitidis, C.D., Basset, A., Buhl-Mortensen, L., Carvalho, S., 
Dafforn, K.A., Devlin, M.J., Escobar-Briones, E.G., Grenz, C., Harder, T., Katsanevakis, S., 
Liu, D., Metaxas, A., Morán, X.A.G., Newton, A., Piroddi, C., Pochon, X., Queirós, A.M., 
Snelgrove, P.V.R., Solidoro, C., St. John, M.A., Teixeira, H., 2020. Past and Future Grand 
Challenges in Marine Ecosystem Ecology. Front. Mar. Sci. 7.  

Borja, Á., Elliott, M., Snelgrove, P.V.R., Austen, M.C., Berg, T., Cochrane, S., Carstensen, J., 
Danovaro, R., Greenstreet, S.P.R., Heiskanen, A.-S., Lynam, C.P., Mea, M., Newton, A., 
Patrício, J., Uusitalo, L., Uyarra, M.C., Wilson, C., 2016. Bridging the Gap between Policy 
and Science in Assessing the Health Status of Marine Ecosystems. Front. Mar. Sci. 3, 175.  

Brownscombe, J.W., Smokorowski, K.E. 2021. Review of Pathways of Effects (PoE) diagrams 
in support of FFHPP risk assessment. DFO Can. Sci. Advis. Sec. Res. Doc. 2021/079. iv + 
55 p. 

Canada, 2007. Replacement class screening report for water column oyster aquaculture in New 
Brunswick. Moncton.  

Canada, United States, 2013. Great Lakes Water Quality Agreement, Protocol Amending the 
Agreement between Canada and the United States of America.  

Canter, L.W., Chawla, M.K., Swor, C.T., 2014. Addressing trend-related changes within 
cumulative effects studies in water resources planning. Environ. Impact Assess. Rev. 44.  

Carlson, M., Stelfox, B., Purves-Smith, N., Straker, J., Berryman, S., Barker, T., Wilson, B., 
2014. ALCES online: Web-delivered scenario analysis to inform sustainable land-use 
decisions. Proc. - 7th Int. Congr. Environ. Model. Softw. Bold Visions Environ. Model. iEMSs 
2014 2, 963–970. 

Chaffin, B.C., Mahler, R.L., Wulfhorst, J.D., Shafii, B., 2014. The Role of Agency Partnerships in 
Collaborative Watershed Groups: Lessons from the Pacific Northwest Experience. Environ. 
Manage. 55, 56–68. 

Chu, C., Minns, C.K., Lester, N.P., Mandrak, N.E., 2015. An updated assessment of human 
activities, The environment, And freshwater fish biodiversity in Canada. Can. J. Fish. Aquat. 
Sci. 72, 135–148.  

Clarke Murray, C., Agbayani, S., Alidina, H.M., Ban, N.C., 2015. Advancing marine cumulative 
effects mapping: An update in Canada’s Pacific waters. Mar. Policy 58, 71–77.  

Cooke, S.J., J.N. Bergman, E.A. Nyboer, A.J. Reid, A.J. Gallagher, N. Hammershlag, K. Van de 
Riet, and J.C. Vermaire. 2020. Overcoming the concrete conquest of aquatic ecosystems. 
Biological Consetvation 247: 10 pg.  

Cooper, L.M., Sheate, W., 2002. Cumulative effects assessment: A review of UK environmental 
impact statements. Environ. Impact Assess. Rev. 22, 415–439. 

Cormier, R., Elliott, M., Rice, J., 2019. Putting on a bow-tie to sort out who does what and why 
in the complex arena of marine policy and management. Sci. Total Environ. 648, 293–305.  

Cormier, R., Kelble, C.R., Anderson, M.R., Allen, J.I., Grehan, A., Gregersen, Ó., 2017. Moving 
from ecosystem-based policy objectives to operational implementation of ecosystem-based 
management measures. ICES J. Mar. Sci. 74, 406–413.  

Creed, I.F., Cormier, R., Laurent, K.L., Accatino, F., Igras, J.D.M., Henley, P., Friedman, K.B., 
Johnson, L.B., Crossman, J., Dillon, P.J., Trick, C.G., 2016. Formal Integration of Science 
and Management Systems Needed to Achieve Thriving and Prosperous Great Lakes. 
Bioscience 66, 408–418.  

https://doi.org/10.3389/fmars.2020.00362
https://doi.org/10.3389/fmars.2020.00362
https://doi.org/10.3389/fmars.2016.00175
https://doi.org/10.3389/fmars.2016.00175
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2021/2021_079-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2021/2021_079-eng.html
https://www.ceaa-acee.gc.ca/052/type2definition-eng.cfm?cid=32
https://www.ceaa-acee.gc.ca/052/type2definition-eng.cfm?cid=32
https://www.canada.ca/content/dam/eccc/migration/main/grandslacs-greatlakes/a1c62826-72be-40db-a545-65ad6fceae92/1094_canada-usa-20glwqa-20_e.pdf
https://www.canada.ca/content/dam/eccc/migration/main/grandslacs-greatlakes/a1c62826-72be-40db-a545-65ad6fceae92/1094_canada-usa-20glwqa-20_e.pdf
https://doi.org/10.1016/j.eiar.2013.07.004
https://doi.org/10.1016/j.eiar.2013.07.004
https://doi.org/10.1007/s00267-014-0367-y
https://doi.org/10.1007/s00267-014-0367-y
https://doi.org/10.1139/cjfas-2013-0609
https://doi.org/10.1139/cjfas-2013-0609
https://doi.org/10.1016/j.marpol.2015.04.003
https://doi.org/10.1016/j.marpol.2015.04.003
https://doi.org/10.1016/j.scitotenv.2018.08.168
https://doi.org/10.1016/j.scitotenv.2018.08.168
https://doi.org/10.1093/icesjms/fsw181
https://doi.org/10.1093/icesjms/fsw181
https://doi.org/10.1093/icesjms/fsw181
https://doi.org/10.1093/biosci/biw030
https://doi.org/10.1093/biosci/biw030


 

19 

Cumming, G.S., Epstein, G., Anderies, J.M., Apetrei, C.I., Baggio, J., Bodin, Ö., Chawla, S., 
Clements, H.S., Cox, M., Egli, L., Gurney, G.G., Lubell, M., Magliocca, N., Morrison, T.H., 
Müller, B., Seppelt, R., Schlüter, M., Unnikrishnan, H., Villamayor-Tomas, S., Weible, C.M., 
2020. Advancing understanding of natural resource governance: a post-Ostrom research 
agenda. Curr. Opin. Environ. Sustain. 44, 26–34.  

Daniel, W., Infante, D.., Herreman, K., Cooper, A., Ross, J., 2019. National Fish Habitat 
Partnership (NFHP) 2015 Cumulative Habitat Condition Indices with Limiting and Severe 
Disturbances for the Conterminous United States linked to NHDPlusV1 v2.0 [WWW 
Document]. US Geol. Surv. Data release.  

de Kerckhove, D.T., Freedman, J.A., Wilson, K.L., Hoyer, M.V., Chu, C., Minns, C.K., 2017. 
Choosing Spatial Units for Landscape-Based Management of the Fisheries Protection 
Program. DFO Can. Sci. Advis. Sec. Res. Doc. 2017/40. v+44. 

DFO. 1986. Policy for the management of fish habitat. Ottawa. 
DFO. 2005. Guidelines on evaluating Ecosystem Overviews and Assessments: Necessary 

Documentation. CSAS Sci. Advis. Rep. 2005/026. 
DFO. 2006. Ecological Restoration of Degraded Aquatic Habitats: A watershed approach. 

Fisheries and Oceans Canada. ISBN: 0-662-42818-8 Cat. Number: Fs104-4/2006E. 188 pp. 
DFO. 2014. Science advice for managing risk and uncertainty in operational decisions of the 

Fisheries Protection Program. DFO Can. Sci. Advis. Sec. Sci. Advis. Rep. 2014/015. 
DFO. 2016. Science advice on productivity benchmarks. DFO Can. Sci. Advis. Sec. Sci. Advis. 

Rep. 2016/053. 
DFO. 2019. Fish and fish habitat protection policy statement, August 2019.  
DFO. 2021. Fish and fish habitat protection engagement and partnerships.  
Dubé, M.G., 2003. Cumulative effect assessment in Canada: A regional framework for aquatic 

ecosystems. Environ. Impact Assess. Rev. 23, 723–745.  
Dubé, M.G., Duinker, P.N., Greig, L.A., Carver, M., Servos, M., McMaster, M., Noble, B.F., 

Schreier, H., Jackson, L., Munkittrick, K.R., 2013. A framework for assessing cumulative 
effects in watersheds: an introduction to Canadian case studies. Integr. Environ. Assess. 
Manag. 9, 363–9.  

Duinker, P.N., Burbidge, E.L., Boardley, S.R., Greig, L.A., 2013. Scientific dimensions of 
cumulative effects assessment: toward improvements in guidance for practice. Environ. Rev. 
21, 40–52.  

Duinker, P.N., Greig, L.A., 2006. The impotence of cumulative effects assessment in Canada: 
ailments and ideas for redeployment. Environ. Manage. 37, 153–61.  

Ehler, C.N., Douvere, F., 2009. MARINE SPATIAL PLANNING: A Step-by-Step Approach 
toward Ecosystem-based Management. 

Elliott, M., Borja, Á., Cormier, R., 2020a. Managing marine resources sustainably: A proposed 
integrated systems analysis approach. Ocean. Coast. Manag. 197, 105315.  

Elliott, M., Borja, Á., Cormier, R., 2020b. Activity-footprints, pressures-footprints and effects-
footprints – Walking the pathway to determining and managing human impacts in the sea. 
Mar. Pollut. Bull. 155, 111201.  

https://doi.org/10.1016/j.cosust.2020.02.005
https://doi.org/10.1016/j.cosust.2020.02.005
https://doi.org/https:/doi.org/10.5066/P94C5B06
https://doi.org/https:/doi.org/10.5066/P94C5B06
https://doi.org/https:/doi.org/10.5066/P94C5B06
https://doi.org/https:/doi.org/10.5066/P94C5B06
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2017/2017_040-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2017/2017_040-eng.html
https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/316755.pdf
https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/316755.pdf
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/SAR-AS/2014/2014_015-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/SAR-AS/2014/2014_015-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/SAR-AS/2016/2016_053-eng.html
https://www.dfo-mpo.gc.ca/pnw-ppe/policy-politique-eng.html
https://www.dfo-mpo.gc.ca/pnw-ppe/partnerships-partenaires-eng.html
https://doi.org/10.1016/S0195-9255(03)00113-6
https://doi.org/10.1016/S0195-9255(03)00113-6
https://doi.org/10.1002/ieam.1418
https://doi.org/10.1002/ieam.1418
https://doi.org/10.1139/er-2012-0035
https://doi.org/10.1139/er-2012-0035
https://doi.org/10.1007/s00267-004-0240-5
https://doi.org/10.1007/s00267-004-0240-5
https://doi.org/10.1016/j.ocecoaman.2020.105315
https://doi.org/10.1016/j.ocecoaman.2020.105315
https://doi.org/10.1016/j.marpolbul.2020.111201
https://doi.org/10.1016/j.marpolbul.2020.111201


 

20 

Elliott, M., Burdon, D., Atkins, J.P., Borja, Á., Cormier, R., De Jonge, V.N., Turner, R.K., 2017. 
“And DPSIR begat DAPSI(W)R(M)!” - A unifying framework for marine environmental 
management. Mar. Pollut. Bull. 118, 27–40.  

Elliott, M., Quintino, V., 2018. The Estuarine Quality Paradox Concept. Encycl. Ecol. 1, 78–85.  
European Union, 2008. Directive 2008/56/EC of the European Parliament and of the Council of 

17 June 2008 establishing framework for community action in the field of marine 
environmental policy (Marine Strategy Framework Directive). Off. J. Eur. Union 22. 

European Union, 2013. Commission Proposal for a Directive establishing a Framework for 
Maritime Spatial Planning and Integrated Coastal Management. 

European Union, 2017a. Commission Directive (EU) 2017/845 of 17 May 2017 amending 
Directive 2008/56/EC of the European Parliament and of the Council as regards the 
indicative lists of elements to be taken into account for the preparation of marine strategies. 
Off. J. Eur. Union L 125/27-L125/33. 

European Union, 2017b. Commission Decision (EU) 2017/848 of 17 May 2017 laying down 
criteria and methodological standards on good environmental status of marine waters and 
specifications and standardised methods for monitoring and assessment, and repealing 
Decision 2010/477/EU. Off. J. Eur. Union 2017, 32.  

Faber, M., Maes, M., Baker, J., Vrouwenvelder, T., Takada, T., 2007. Principles of risk 
assessment of engineered systems, in: Kanda, J., Takada, Tsuyoshi, Furuta, H. (Eds.), 
Application of Statistics and Probability in Civil Engineering. Taylor & Francis Group, 
London, United Kingdom, pp. 1–8. 

Foley, M.M., Armsby, M.H., Prahler, E.E., Caldwell, M.R., Erickson, A.L., Kittinger, J.N., 
Crowder, L.B., Levin, P.S., 2013. Improving ocean management through the use of 
ecological principles and integrated ecosystem assessments. Bioscience 63, 619–631.  

Foley, M.M., Mease, L.A., Martone, R.G., Prahler, E.E., Morrison, T.H., Murray, C.C., Wojcik, 
D., 2017. The challenges and opportunities in cumulative effects assessment. Environ. 
Impact Assess. Rev. 62, 122–134.  

Friedman, K.B., Laurent, K.L., Krantzberg, G., Scavia, D., Creed, I.F., 2015. The Great Lakes 
Futures Project: Principles and policy recommendations for making the lakes great. J. Great 
Lakes Res. 41, 171–179.  

Greig, L., G. A. Duckworth., R. McCrea., and C. Daniel. 1998. Conceptual Framework & 
Considerations for Cumulative Effects Assessment in the Moose River Basin: Workshop 
Report. Moose River Basin Environmental Information Partnership, Ontario Ministry of 
Natural Resources, South Porcupine, Ontario. 

Halpern, B.S., Frazier, M., Potapenko, J., Casey, K.S., Koenig, K., Longo, C., Lowndes, J.S., 
Rockwood, R.C., Selig, E.R., Selkoe, K.A., Walbridge, S., 2015. Spatial and temporal 
changes in cumulative human impacts on the world’s ocean. Nat. Commun. 6, 7615.  

Halpern, B.S., Kappel, C. V., Selkoe, K.A., Micheli, F., Ebert, C.M., Kontgis, C., Crain, C.M., 
Martone, R.G., Shearer, C., Teck, S.J., 2009. Mapping cumulative human impacts to 
California Current marine ecosystems. Conserv. Lett. 2, 138–148.  

Harker KJ, Arnold L, Sutherland IJ, and Gergel SE., 2021. Perspectives from landscape ecology 
can improve environmental impact assessment. FACETS 6: 358 

Heathcote, I.W., 2009. Integrated Watershed Management: Principles and Practice, Second 
Edi. ed. John Wiley & Sons Inc. 

https://doi.org/10.1016/j.marpolbul.2017.03.049
https://doi.org/10.1016/j.marpolbul.2017.03.049
https://doi.org/10.1016/b978-0-12-409548-9.11054-1
https://eur-lex.europa.eu/eli/dec/2017/848/oj
https://eur-lex.europa.eu/eli/dec/2017/848/oj
https://eur-lex.europa.eu/eli/dec/2017/848/oj
https://eur-lex.europa.eu/eli/dec/2017/848/oj
https://doi.org/10.1525/bio.2013.63.8.5
https://doi.org/10.1525/bio.2013.63.8.5
https://doi.org/10.1016/j.eiar.2016.06.008
https://doi.org/10.1016/j.jglr.2014.11.026
https://doi.org/10.1016/j.jglr.2014.11.026
https://doi.org/10.1038/ncomms8615
https://doi.org/10.1038/ncomms8615
https://doi.org/10.1111/j.1755-263X.2009.00058.x
https://doi.org/10.1111/j.1755-263X.2009.00058.x


 

21 

Hodgson, E., Chu, C., Mochnacz, N., Shikon, V. and Millar, E. 2022. Information needs for 
considering cumulative effects in fish and fish habitat decision-making. DFO Can. Sci. Advis. 
Sec. Res. Doc. 2022/078. ix + 59.  

Hodgson, E.E., Halpern, B.S., 2019. Investigating cumulative effects across ecological scales. 
Conserv. Biol. 33, 22–32.  

Holling, C.S., 1978. Adaptive Environmental Assessment and Management. Wiley & Sons, 
London. 

ICES, 2019. Workshop on Cumulative Effects Assessment Approaches in Management 
(WKCEAM). ICES Sci. Reports 1, 28.  

IJC (International Joint Commission). 2020. Second Triennial Assessment of Progress on Great 
Lakes Water Quality Report. IJC. 22 pg. 

ISO, 2018. ISO 31000 Risk management - Principles and guidelines. Int. Organ. Stand., Risk 
Management 34. 

Jones, F.C., 2016. Cumulative effects assessment: theoretical underpinnings and big problems. 
Environ. Rev. 24, 187–204.  

Katsanevakis, S., Coll, M., Fraschetti, S., Giakoumi, S., Goldsborough, D., Mačić, V., 
Mackelworth, P., Rilov, G., Stelzenmüller, V., Albano, P.G., Bates, A.E., Bevilacqua, S., 
Gissi, E., Hermoso, V., Mazaris, A.D., Pita, C., Rossi, V., Teff-Seker, Y., Yates, K., 2020. 
Twelve Recommendations for Advancing Marine Conservation in European and Contiguous 
Seas. Front. Mar. Sci. 7.  

Katsanevakis, S., Stelzenmüller, V., South, A., Kirk, T., Jones, P.J.S., Kerr, S., Badalamenti, F., 
Anagnostou, C., Breen, P., Chust, G., Anna, G.D., Duijn, M., Filatova, T., Fiorentino, F., 
Hulsman, H., Johnson, K., Karageorgis, A.P., Kröncke, I., Mirto, S., Pipitone, C., Portelli, S., 
Qiu, W., Reiss, H., Sakellariou, D., Salomidi, M., van Hoof, L., Vassilopoulou, V., Sørensen, 
T.K., D’Anna, G., Vega Fernández, T., Vöge, S., Weber, A., Zenetos, A., ter Hofstede, R., 
2011. Ecosystem-based marine spatial management: Review of concepts, policies, tools, 
and critical issues. Ocean Coast. Manag. 54, 807–820.  

Klain, S.C., Beveridge, R., Bennett, N.J., 2014. Ecologically sustainable but unjust? Negotiating 
equity and authority in common-pool marine resource management. Ecol. Soc. 19. 

Korpinen, S., Andersen, J.H., 2016. A Global Review of Cumulative Pressure and Impact 
Assessments in Marine Environments. Front. Mar. Sci. 3.  

Lausche, B. (2019). Integrated planning. Policy and law tools for biodiversity conservation and 
climate change. Gland, Switzerland: IUCN. xvi + 120 pp. 

Lawrence, P.L., 2011. Achieving teamwork: Linking watershed planning and coastal zone 
management in the great lakes. Coast. Manag. 39, 57–71.  

Lee, N., 2006. Bridging the gap between theory and practice in integrated assessment. Environ. 
Impact Assess. Rev. 26, 57–78.  

Lester, N.P., Sandstrom, S., de Kerckhove, D.T., Armstrong, K., Ball, H., Amos, J., Dunkley, T., 
Rawson, M., Addison, P., Dextrase, A., Taillon, D., Wasylenko, B., Lennox, P., Giacomini, 
H.C., Chu, C., 2020a. Standardized Broad-Scale Management and Monitoring of Inland 
Lake Recreational Fisheries: An Overview of the Ontario Experience. Fisheries 1–12.  

Lester, S.E., Dubel, A.K., Hernán, G., McHenry, J., Rassweiler, A., 2020b. Spatial Planning 
Principles for Marine Ecosystem Restoration. Front. Mar. Sci. 7, 1–15.  

http://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2022/2022_078-eng.html
http://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2022/2022_078-eng.html
https://doi.org/10.1111/cobi.13125
https://doi.org/10.17895/ices.pub.5226
https://doi.org/10.17895/ices.pub.5226
https://doi.org/10.1139/er-2015-0073
https://doi.org/10.3389/fmars.2020.565968
https://doi.org/10.3389/fmars.2020.565968
https://doi.org/10.1016/j.ocecoaman.2011.09.002
https://doi.org/10.1016/j.ocecoaman.2011.09.002
https://doi.org/10.3389/fmars.2016.00153
https://doi.org/10.3389/fmars.2016.00153
https://doi.org/10.1080/08920753.2011.544540
https://doi.org/10.1080/08920753.2011.544540
https://doi.org/10.1016/j.eiar.2005.01.001
https://doi.org/10.1016/j.eiar.2005.01.001
https://doi.org/10.1002/fsh.10534
https://doi.org/10.1002/fsh.10534
https://doi.org/10.3389/fmars.2020.00328
https://doi.org/10.3389/fmars.2020.00328


 

22 

Leung, A.C.Y., and J.S. Richardson. 2016. Some conceptual and operational considerations 
when measuring ‘resilience’: a response to Hodgson et al. Trends in Ecology and Evolution, 
31(1): 2-3. 

Leung, A.C.Y., and J.S. Richardson. 2018. Expanding resilience comparisons to address 
management needs: a response to Ingrish and Bahn. TREE 2409: 3pg. 

Logan, M., Hu, Z., Brinkman, R., Sun, S., Sun, X., Schaffelke, B., 2020. Ecosystem health 
report cards: An overview of frameworks and analytical methodologies. Ecol. Indic. 113.  

MacPherson, L., Sullivan, M., Reilly, J., and Paul, A. 2019. Alberta’s Fisheries Sustainability 
Assessment: A Guide to Assessing Population Status, and Quantifying Cumulative Effects 
using the Joe Modelling Technique. DFO Can. Sci. Advis. Sec. Res. Doc. 2019/058. vi + 
45 p. 

Maring, L., Blauw, M., 2018. Asset management to support urban land and subsurface 
management. Sci. Total Environ. 615, 390–397.  

Murray, C., Hannah, L., Locke, A., 2020. A Review of Cumulative Effects Research and 
Assessment in Fisheries and Oceans Canada. Can. Tech. Rep. Fish. Aquat. Sci. 3357, 60. 

Neuendorf, F., von Haaren, C., Albert, C., 2018. Assessing and coping with uncertainties in 
landscape planning: an overview. Landsc. Ecol. 33, 861–878.  

Newton, A., Elliott, M., 2016. A Typology of Stakeholders and Guidelines for Engagement in 
Transdisciplinary, Participatory Processes. Front. Mar. Sci. 3, 230.  

Noble, B.F., Birk, J., 2011. Comfort monitoring? Environmental assessment follow-up under 
community–industry negotiated environmental agreements. Environ. Impact Assess. Rev. 
31, 17–24.  

Noble, B.F., Liu, J., Hackett, P., 2017. The Contribution of Project Environmental Assessment to 
Assessing and Managing Cumulative Effects: Individually and Collectively Insignificant? 
Environ. Manage. 59, 531–545.  

Paquette, C., Hemphill, L., Merante, A., Hendriks, E., 2020. WWf-Canada’S 2020 Watershed 
Reports: a National Reassessment of Canada’s Freshwater. 

Pavlickova, K., Vyskupova, M., 2015. A method proposal for cumulative environmental impact 
assessment based on the landscape vulnerability evaluation. Environ. Impact Assess. Rev. 
50, 74–84.  

Pickard, D. and M. Porter. 2017. Skeena ESI Expert Workshop Backgrounder on Fish 
Habitat:Review of Assessment Approaches. Prepared for the Ministry of Forests, Lands, 
Natural Resource Operations and Rural Development by ESSA Technologies Ltd. 

Pickard, D., A. Litt. 2020. Federal Compendium of Cumulative Effects Initiatives. Final Report 
prepared by ESSA Technologies Ltd. for Environment and Climate Change Canada. 41 pp. 
+ Annexes. 

Porter, M. and D. Pickard. 2020. Habitat Science Advice: Annotated Bibliography. Prepared by 
ESSA Technologies Ltd. for Fisheries and Oceans Canada. 

Prime, L., C. Lake, L. Matos, B. Morrison, E. Morton, R. Portiss, W.J. Snodgrass, and B.G. 
Valere. 2013. The Toronto waterfront aquatic habitat restoration strategy; a unique, 
collaborative approach to streamlining approvals and restoring aquatic habitat. Plan Canada 
(Fall): 24-29.  

https://doi.org/10.1016/j.ecolind.2019.105834
https://doi.org/10.1016/j.ecolind.2019.105834
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2019/2019_058-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2019/2019_058-eng.html
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2019/2019_058-eng.html
https://doi.org/10.1016/j.scitotenv.2017.09.109
https://doi.org/10.1016/j.scitotenv.2017.09.109
https://doi.org/10.1007/s10980-018-0643-y
https://doi.org/10.1007/s10980-018-0643-y
https://doi.org/10.3389/fmars.2016.00230
https://doi.org/10.3389/fmars.2016.00230
https://doi.org/10.1016/j.eiar.2010.05.002
https://doi.org/10.1016/j.eiar.2010.05.002
https://doi.org/10.1007/s00267-016-0799-7
https://doi.org/10.1007/s00267-016-0799-7
https://doi.org/10.1016/j.eiar.2014.08.011
https://doi.org/10.1016/j.eiar.2014.08.011


 

23 

Sinclair, S.P., Milner‐Gulland, E.J., Smith, R.J., McIntosh, E.J., Possingham, H.P., Vercammen, 
A., Knight, A.T., 2018. The use, and usefulness, of spatial conservation prioritizations. 
Conserv. Lett. 11, e12459.  

Sitas, N., Prozesky, H.E., Esler, K.J., Reyers, B., 2013. Opportunities and challenges for 
mainstreaming ecosystem services in development planning: perspectives from a landscape 
level. Landsc. Ecol. 1–17.  

Stalberg, H.C., Lauzier, R.B., MacIsaac, E.A., Porter, M., and Murray, C. 2009. Canada’s policy 
for conservation of wild pacific salmon: Stream, lake, and estuarine habitat indicators. Can. 
Manuscr. Fish. Aquat. Sci. 2859. 

Stelzenmüller, V., Coll, M., Cormier, R., Mazaris, A.D., Pascual, M., Loiseau, C., Claudet, J., 
Katsanevakis, S., Gissi, E., Evagelopoulos, A., Rumes, B., Degraer, S., Ojaveer, H., Moller, 
T., Giménez, J., Piroddi, C., Markantonatou, V., Dimitriadis, C., 2020. Operationalizing risk-
based cumulative effect assessments in the marine environment. Sci. Total Environ. 
138118.  

Stelzenmüller, V., Coll, M., Mazaris, A.D., Giakoumi, S., Katsanevakis, S., Portman, M.E., 
Degen, R., Mackelworth, P., Gimpel, A., Albano, P.G., Almpanidou, V., Claudet, J., Essl, F., 
Evagelopoulos, T., Heymans, J.J., Genov, T., Kark, S., Micheli, F., Grazia, M., Rilov, G., 
Rumes, B., 2018. A risk-based approach to cumulative effect assessments for marine 
management. Sci. Total Environ. 612, 1132–1140.  

Stelzenmüller, V., Cormier, R., Gee, K., Shucksmith, R., Gubbins, M., Yates, K.L., Morf, A., 
Aonghusa, C.N., Mikkelsen, E., Tweddle, J.F., Peccu, E., Kannen, A., Clarke, S.A., 2021. 
Evaluation of marine spatial planning requires fit for purpose monitoring strategies. J. 
Environ. Manage. 278, 111545.  

Stephenson, R.L., Hobday, A.J., Cvitanovic, C., Alexander, K.A., Begg, G.A., Bustamante, R.H., 
Dunstan, P.K., Frusher, S., Fudge, M., Fulton, E.A., Haward, M., Macleod, C., McDonald, J., 
Nash, K.L., Ogier, E., Pecl, G., Plagányi, É.E., van Putten, I., Smith, T., Ward, T.M., 2019. A 
practical framework for implementing and evaluating integrated management of marine 
activities. Ocean Coast. Manag. 177, 127–138.  

Tallman, R., Cadigan, N, Cass, A., Duplisea, D., Healey, B., Trzcinski, K. and Wade, E. 2012. 
Techniques for the Provision of Advice in Information-Poor Situations. DFO Can. Sci. Advis. 
Sec. Res. Doc. 2011/106. vi + 42 p. 

Walters, C., 1986. Adaptive Management of Renewable Resources. 
Water Survey of Canada, 1977. Reference index hydrometric map supplement. Inland Water 

Directorate, Water Survey of Canada, Environment Canada, Ottawa. 
Williams, J.E., C.A. Wood and M.P. Dombeck, eds. 1997. Watershed restoration: principles and 

practices. American Fisheries Society, Bethesda, MD. 
Zaucha, J., Gee, K., 2019. Maritime Spatial Planning: Past, present, future, 1st ed. Springer 

International Publishing, Cham.  

https://doi.org/10.1111/conl.12459
https://doi.org/10.1007/s10980-013-9952-3
https://doi.org/10.1007/s10980-013-9952-3
https://doi.org/10.1007/s10980-013-9952-3
https://doi.org/10.1016/j.scitotenv.2020.138118
https://doi.org/10.1016/j.scitotenv.2020.138118
https://doi.org/10.1016/j.scitotenv.2017.08.289
https://doi.org/10.1016/j.scitotenv.2017.08.289
https://doi.org/10.1016/j.jenvman.2020.111545
https://doi.org/10.1016/j.ocecoaman.2019.04.008
https://doi.org/10.1016/j.ocecoaman.2019.04.008
https://doi.org/10.1016/j.ocecoaman.2019.04.008
https://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2011/2011_106-eng.html
https://doi.org/10.1007/978-3-319-98696-8


 

24 

APPENDIX I 

Criteria and definitions for activities, pressures and effects based on the EU Marine Strategy Framework Directive (European Union, 2017, 2008). 

Indicators of activity-footprints Indicators of the pressure-footprint Indicators for the effects-footprint Good environmental status objectives 

Physical restructuring of rivers, 
coastline or seabed (water 
management) 

• Land claim Canalisation and other 
watercourse modifications 

• Coastal defence and flood protection 
• Offshore structures (other than for 

oil/gas/renewables) 
• Restructuring of seabed morphology, 

including dredging and depositing of 
materials 

Extraction of non-living resources 

• Extraction of minerals (rock, metal ores, 
gravel, sand, shell) 

• Extraction of oil and gas, including 
infrastructure 

• Extraction of salt 
• Extraction of water 

Production of energy 

• Renewable energy generation (wind, 
wave and tidal power), including 
infrastructure 

• Non-renewable energy generation 
• Transmission of electricity and 

communications (cables) 

Extraction of living resources 

• Fish and shellfish harvesting 
(professional, recreational) 

• Fish and shellfish processing 
• Marine plant harvesting 
• Hunting and collecting for other 

purposes 

Biological 

• Input or spread of non-indigenous 
species Input of microbial pathogens 

• Input of genetically modified species and 
translocation of native species 

• Loss of, or change to, natural biological 
communities due to cultivation of 
animal or plant species 

• Disturbance of species (e.g. where they 
breed, rest and feed) due to human 
presence 

• Extraction of, or mortality/injury to, wild 
species (by commercial and recreational 
fishing and other activities) 

Physical 

• Physical disturbance to seabed 
(temporary or reversible) 

• Physical loss (due to permanent change 
of seabed substrate or morphology and 
to extraction of seabed substrate) 

• Changes to hydrological conditions 

Substances, litter and energy 

• Input of nutrients — diffuse sources, 
point sources, atmospheric deposition 

• Input of organic matter — diffuse 
sources and point sources 

• Input of other substances (e.g. synthetic 
sub? stances, non-synthetic substances, 
radionuclides) - diffuse sources, point 
sources, atmospheric deposition, acute 
events 

• Input of litter (solid waste matter, 
including micro-sized litter) 

Spatial and temporal variation per 
species or population: 

• distribution, abundance and/or biomass 
• size, age and sex structure 
• fecundity, survival and mortality/injury 

rates 
• behaviour including movement and 

migration 
• habitat for the species (extent, 

suitability) 
• Species composition of the group 

Per habitat type: 

• habitat distribution and extent (and 
volume, if appropriate) 

• species composition, abundance and/ or 
biomass (spatial and temporal variation) 

• size and age structure of species (if 
appropriate) 

• physical, hydrological and chemical 
characteristics 

Additionally for pelagic habitats: 
• chlorophyll a concentration 
• plankton bloom frequencies and spatial 

extent 

Ecosystems and foodweb spatial and 
temporal variation in: 

• temperature and ice 
• hydrology (wave and current regimes; 

upwelling, mixing, residence time, 
freshwater input; sea level) 

• bathymetry 
• turbidity (silt/sediment loads), 

transparency, sound 

1) Biological diversity is maintained. The 
quality and occurrence of habitats and 
the distribution and abundance of 
species are in line with prevailing 
physiographic, geographic and climatic 
conditions. 

2) Non-indigenous species introduced by 
human activities are at levels that do not 
adversely alter the ecosystems. 

3) Populations of all commercially 
exploited fish and shellfish are within 
safe biological limits, exhibiting a 
population age and size distribution that 
is indicative of a healthy stock. 

4) All elements of the marine food webs, to 
the extent that they are known, occur at 
normal abundance and diversity and 
levels capable of ensuring the long-term 
abundance of the species and the 
retention of their full reproductive 
capacity. 

5) Human-induced eutrophication is 
minimised, especially adverse effects 
thereof, such as losses in biodiversity, 
ecosystem degradation, harmful algae 
blooms and oxygen deficiency in bottom 
waters. 

6) Sea-floor integrity is at a level that 
ensures that the structure and functions 
of the ecosystems are safeguarded and 
benthic ecosystems, in particular, are 
not adversely affected. 
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Indicators of activity-footprints Indicators of the pressure-footprint Indicators for the effects-footprint Good environmental status objectives 

Cultivation of living resources 

• Aquaculture — marine, including 
infrastructure 

• Aquaculture — freshwater 
• Agriculture 
• Forestry 

Transport 

• Transport infrastructure Transport — 
shipping 

• Transport — air 
• Transport — land 

Urban and industrial uses 

• Urban uses 
• Industrial uses 
• Waste treatment and disposal 

Tourism and leisure 

• Tourism and leisure infrastructure 
• Tourism and leisure activities 

Security/defence 

• Military operations 

Education 

• Research, survey and educational 
activities 

• Input of anthropogenic sound 
(impulsive, continuous) 

• Input of other forms of energy (including 
electromagnetic fields, light and heat) 

• Input of water — point sources (e.g. 
brine) 

• seabed substrate and morphology 
• salinity, nutrients (N, P), organic carbon, 

dissolved gases (pCO2, O2) and pH 
• links between habitats and species of 

marine birds, mammals, reptiles, fish 
and cephalopods 

• pelagic-benthic community structure 
• productivity 

7) Permanent alteration of hydrographical 
conditions does not adversely affect 
marine ecosystems. 

8) Concentrations of contaminants are at 
levels not giving rise to pollution effects. 

9) Contaminants in fish and other seafood 
for human consumption do not exceed 
levels established by Community 
legislation or other relevant standards. 

10) Properties and quantities of marine litter 
do not cause harm to the coastal and 
marine environment. 

11) Introduction of energy, including 
underwater noise, is at levels that do 
not adversely affect the marine 
environment. 
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