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ABSTRACT 

 

Smokorowski, K.E., Bradford, M.J., Clarke, K.D., Clément, M., Gregory, R.S., Randall, 

R.G. 2015. Assessing the effectiveness of habitat offset activities in Canada: Monitoring 

design and metrics. Can. Tech. Rep. Fish. Aquat. Sci. 3132: vi + 48 p.  

In December 2011 DFO held a science advisory process to examine the feasibility of 

designing a standardized monitoring approach to determine the effectiveness of habitat 

compensation (or offsetting) activities in achieving ‘No Net Loss of the productive 

capacity of fish habitat’ as was the policy at that time. The 2012 amendments to the 

Fisheries Act require the focus of this monitoring program for offsetting activities now be 

adjusted according to the new Fisheries Protection Provisions.  The metrics for 

effectiveness monitoring should measure fisheries productivity or an appropriate 

surrogate of productivity.  Three hierarchical levels of monitoring are briefly described 

(compliance, functional, and effectiveness monitoring) but the focus of this report is on 

effectiveness monitoring. The Fisheries Act definition of fish habitat (i.e., spawning 

grounds and any other areas including nursery, rearing, food supply, and migration 

areas on which fish depend directly or indirectly to carry out their life processes) is used 

to provide a framework for the design of effectiveness monitoring programs based on 

habitat type. The importance of collecting consistent, comparable data that allow a 

number of project-level assessments to be statistically assessed and compared, 

improving our understanding of the effectiveness of the various offsetting strategies, is 

highlighted. The goal for each section is to be comprehensive enough to provide 

practitioners and proponents with guidelines for quantitative effectiveness monitoring, 

but will use references as appropriate (e.g., for detailed descriptions of methods) to 

keep the advice brief.  A monitoring report summary should be included at the beginning 

of each monitoring report (a template should be provided by the DFO Fisheries 

Protection Program) and include key points of information to facilitate digital capture of 

the data allowing a formal review (meta-analysis) of projects on a cyclical basis (circa 

every five years by DFO Science). Such analyses could lead to the long-term 

improvement of offsetting plans and monitoring design for the ultimate benefit of 

fisheries productivity and sustainable aquatic ecosystems in Canada.  
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RÉSUMÉ 

Smokorowski, K. E., Bradford, M. J., Clarke, K. D., Clément, M., Gregory, R. S. et 

R. G. Randall. 2015. Évaluation de l'efficacité des activités de compensation de l'habitat 

du poisson au Canada : conception et paramètres des programmes de surveillance 

Rapp. tech. can. sci. halieut. aquat. 3132: vi + 48 p.  

En décembre 2011, le MPO a tenu un processus d'avis scientifique afin d'examiner la 

faisabilité de concevoir une approche de surveillance normalisée afin de vérifier 

l'efficacité des activités de compensation de l'habitat pour faire en sorte « qu'il n'y ait 

aucune perte nette de la capacité de production de l'habitat du poisson », ce que la 

politique prescrivait à cette époque. Les modifications apportées à la Loi sur les pêches 

en 2012 exigent que l'accent mis sur les activités de compensation par ce programme 

de surveillance soit maintenant ajusté d'après les nouvelles dispositions de protection 

des pêches.  Les paramètres pour surveiller l'efficacité devraient mesurer la productivité 

des pêches ou un autre indicateur de productivité approprié.  Trois niveaux de 

surveillance hiérarchiques sont brièvement décrits (surveillance de la conformité, de la 

fonctionnalité et de l'efficacité), mais le présent avis s'intéresse surtout à la surveillance 

de l'efficacité. La définition de l'habitat du poisson dans la Loi sur les pêches (c.-à-d. 

toute aire dont dépend, directement ou indirectement, la survie du poisson, notamment 

les frayères, les aires d’alevinage, de croissance ou d’alimentation et les routes 

migratoires) sert de cadre pour la conception des programmes de surveillance de 

l'efficacité selon le type d'habitat. On souligne l'importance de recueillir des données 

comparables de manière uniforme qui se prêtent à plusieurs évaluations au niveau des 

projets et qui peuvent être analysées et comparées pour améliorer notre 

compréhension de l'efficacité des différentes stratégies de compensation. Le but de 

chaque section est d'être assez exhaustive pour fournir aux praticiens et aux 

promoteurs des lignes directrices en vue de la surveillance quantitative de l'efficacité, 

mais des références seront utilisées si cela est approprié (p. ex., pour la description 

détaillée des méthodes), pour que les avis demeurent brefs.  Il faudrait inclure un 

sommaire du rapport de surveillance au début de chaque rapport de surveillance (un 

modèle devrait être fourni par le Programme de protection des pêches du MPO) et y 

inclure les éléments d'information clés afin de faciliter la saisie numérique des données 

pour permettre un examen officiel (méta-analyse) cyclique des projets (environ tous les 

cinq ans, par le Secteur des sciences du MPO). De telles analyses pourraient mener à 

une amélioration à long terme des plans de compensation et de la conception de la 

surveillance, et ce, au profit de la productivité des pêches et de la durabilité des 

écosystèmes aquatiques au Canada.  
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1 INTRODUCTION 

 

In December 2011 DFO held a science advisory process to examine the feasibility of 

designing a standardized monitoring approach (and associated metrics) to determine 

the effectiveness of habitat compensation activities in achieving the fish habitat 

conservation goal of DFO’s Policy for the Management of Fish Habitat (1986). The 

Science Advisory Report (SAR) produced from this workshop was published and is 

available online at http://www.dfo-mpo.gc.ca/csas-sccs/Publications/SAR-

AS/2012/2012_060-eng.pdf (henceforth referred to as the SAR, DFO 2012).  One of the 

conclusions of the workshop was that a comprehensive program needed to be 

developed to help guide practitioners and proponents when monitoring the effectiveness 

of compensation habitat was required under the terms of a Fisheries Act authorization. 

In the SAR, the intent of the advice proposed for monitoring was to compare 

standardized data from the impact site (e.g., quantification of a “harmful alteration, 

disruption or destruction (HADD) of fish habitat”, Section 35 of the pre-2012 Fisheries 

Act) as compared to the related compensation activity, with the goal of the monitoring to 

assess if the project achieved ‘No Net Loss of the productive capacity of fish habitat’ as 

was the policy at that time (DFO 1986). As the workshop was held prior to the changes 

in the Fisheries Act (amendments received Royal Assent on June 29, 2012), the advice 

was couched in the language and process of the old act, some of which is no longer 

applicable. For example, the term ‘compensation’, used in documents published prior to 

June 2012 (including the SAR), is now referred to as ‘offsetting’, which is used 

throughout all new science advice to the Fisheries Protection Program, including this 

report.  

Three hierarchical levels of monitoring were described in the SAR: compliance, 

functional, and effectiveness monitoring. Compliance monitoring was described as an 

operational activity conducted by either DFO Habitat Management or Compliance and 

Enforcement staff. It was used to determine whether the terms and conditions 

prescribed under a Fisheries Act authorization were implemented. Functional monitoring 

was described as a scaled-down assessment of habitat offsetting effectiveness. It was 

quantitative, but relied on surrogate information to assess changes in productive 

capacity (e.g., change in macrophyte density or amount of a substrate type). At a 

minimum, data collected for functional monitoring must be able to account for net 

habitat loss or gain (i.e., by unit area of a particular habitat).  

This report will focus on effectiveness monitoring, which was described as the most 

rigorous, science-based monitoring, requiring a standardized, transferable design. The 

new Fisheries Act requires that the focus of this monitoring program now be adjusted 

according to the new Fisheries Protection Provisions.  The metrics for effectiveness 

http://www.dfo-mpo.gc.ca/csas-sccs/Publications/SAR-AS/2012/2012_060-eng.pdf
http://www.dfo-mpo.gc.ca/csas-sccs/Publications/SAR-AS/2012/2012_060-eng.pdf
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monitoring should measure fisheries productivity or an appropriate surrogate of 

productivity (Bradford et al. 2014). Effectiveness monitoring is particularly important for 

complex projects expected to have a large impact on fisheries productivity.  

Amendments to the Fisheries Act have sharpened the focus of assessment to 

protecting the productivity of commercial, recreational, and Aboriginal (CRA) fisheries. 

The new prohibition (Section 35(1)) reads that “no person shall carry on any work, 

undertaking or activity that results in serious harm to fish that are part of a commercial, 

recreational, or Aboriginal fishery, or to fish that support such a fishery” where ‘serious 

harm to fish’ is defined as “the death of fish or any permanent alteration to, or 

destruction of, fish habitat” (Table 1). If a proposed project is expected to cause ‘serious 

harm’ to fish, then the prohibition is triggered and factors under Section 6 need to be 

applied. Among those factors is 6(c), which stipulates that the Minister shall consider 

“whether there are measures and standards to avoid, mitigate or offset serious harm to 

fish that are part of a CRA fishery, or that support such a fishery”. Guidance related to 

offsetting serious harm under the Fisheries Protection Provisions of the Fisheries Act 

(2012) was reviewed at a CSAS workshop held June 2013 (DFO 2013a, Loughlin and 

Clarke 2014). Options reviewed include those traditionally considered ‘compensation’ 

under the 1986 Policy, such as habitat creation (e.g., creation or expansion of artificial 

stream channels, artificial lakes, side channel habitats, and wetlands) or physical habitat 

manipulation (e.g., increasing structure through the placement of coarse material or 

woody debris, increased shoreline complexity, river bank stabilization, and channel 

complexing or improving access to off-channel habitats, and the removal of natural or 

anthropogenic barriers to migration). These types of offsetting activities will be the focus 

of this report.  

Throughout this report we refer to the importance of reaching quantitative targets (or 

endpoints) to establish the effectiveness of the offsetting activity, and these targets are 

straightforward when ‘in kind’ habitat is created (i.e., like-for-like offset targeting the 

species and life stage impacted by the development). However, these targets become 

more complex if an ‘out of kind’ habitat is created, targeting a different species or life 

stage by creating different habitat than was affected by the development activity. Such 

measures of success should be identified in the offsetting plan (DFO 2013b) and will 

direct the development of the monitoring program. 
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Table 1: Definition of key terms used in the Fisheries Act (2012) and by previous DFO 

Science advice to the Fisheries Protection Program via the Canadian Science Advisory 

Secretariat Processes.  

Term Definition Source 

Habitat Spawning grounds and any other areas, including 
nursery, rearing, food supply, and migration areas, 
on which fish depend directly or indirectly in order 
to carry out their life processes. 
 

Fisheries Act, 
2012. 

Serious Harm The death of fish or any permanent alteration to, or 
destruction of, fish habitat. 
 

Fisheries Act, 
2012. 

System type Lake, river, stream, estuary or other major 
category of waterbody that affects the nature of the 
habitat types and measurements that need to be 
taken to evaluate the habitat.  
 

This report.  

Metric Metrics are used to evaluate change. A metric can 
be derived from before-after field measurements 
(e.g., change in fish abundance), or can be 
estimated from baseline measurements and a 
predicted or modelled effect. 
 

Bradford et al. 
2014 

Measurements Measurements are taken in the field and describe 
the current state of the ecosystem or its biota. 
Examples include fish abundance or discharge. 
 

Bradford et al. 
2014.  

Indicator Indicators are more general quantities used to 
evaluate changes in fisheries productivity. 
Indicators may be comprised of one or more 
quantitative metrics, or may be more qualitative in 
nature (cf. “% change in LWD”, “loss of structure”). 
 

Bradford et al. 
2014.  

Carrying 
Capacity 

The maximum number of individuals in a 
population that the resources of a habitat can 
support. 
 

Ricklefs 1990. 

Fisheries 
Productivity  

The sustained yield of all component populations 
and species, and their habitat, which support and 
contribute to a fishery in a specified area.  
 

Randall et al. 
2013. 

Ongoing 
Productivity 

Ongoing is interpreted as being sustained 
productivity, as experienced by participants in the 
fishery at and just before the time of interest. 

Randall et al. 
2013. 
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The definition of ‘habitat’ in the amended Fisheries Act (Section 34) (Table 1) has not 

changed substantially from the previous version, and was used to provide a framework 

for the design of effectiveness monitoring programs based on habitat type. The SAR 

characterized the critical components of an effectiveness monitoring program in the 

format of a Table of Contents (Appendix A, 19 steps total), which was used to guide the 

development of each chapter by habitat-type, starting with step #11, which is where 

offsetting monitoring commences.  For clarity the seven steps of monitoring (steps #11-

17) recommended in the SAR are listed below. However, for the sake of being 

comprehensive, we outlined the initial steps for evaluating offsetting measures to 

ensure all steps are identified and to put the monitoring into context (Appendix A). In 

light of the changes to the Fisheries Act, these initial steps should be modified to reflect 

the new focus on fisheries productivity as opposed to habitat productive capacity, but 

those modifications will not be addressed in this report. The Fisheries Productivity 

Investment Policy: A Proponent’s Guide to Offsetting provides a direction to proponents 

for developing an offsetting plan (DFO 2013b).  

The scientific literature contains numerous examples of monitoring plans, but two in 

particular are relevant to the effectiveness monitoring program of DFO’s Fisheries 

Protection Program and are similar to the approach advocated here. Souchon et al. 

(2008) proposed a general design template to detect biological responses to flow 

management decisions over long time periods. They advocate that the use of their 

template should result in more certainty in decision making, more efficient use of 

resources, and reduced administrative costs. Essential to the success of the framework 

is to include a central reporting mechanism, which would improve communication and 

long-term decision making. Their nine step framework includes:  

1. Establish monitoring goals and project objectives; determine the questions of 

interest; 

2. Create specific hypotheses to test linkages between variables; 

3. Determine response variables, methods, metrics, and keystone species; 

4. Determine appropriate time scales for responses (i.e., appropriate monitoring 

timescale to detect a response in fish); 

5. Consider regulatory requirements and incorporate these into study; 

6. Design the study; 

7. Implement the study; 

8. Analyse data and report results; 

9. Allow for adaptive management. 

 

Similarly, in a report produced by the DFO Pacific Region on monitoring for 

effectiveness of fish habitat compensation projects, Pearson et al. (2005) outlined 

detailed steps required that would be the equivalent of compliance monitoring and 
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effectiveness monitoring, as described in the SAR, combined. To illustrate the similarity 

to the steps recommended in the SAR, an adaptation of Table 5 from Pearson et al. 

(2005) has been recreated below (Table 2). Table 2 is shown here as an illustration of 

other advice on monitoring that has been provided within DFO independent of the 

advice provided in this report. However, since the advice contained in the SAR (that 

was peer-reviewed in the CSAS workshop) differed in some cases, content of Table 2 

will be different from what is recommended in this report. Terms used in Table 2 were 

also not updated to reflect the amended Fisheries Act since Pearson et al. (2005) was 

written prior to 2012.  

Table 2: Summary of design objectives and methods for effectiveness monitoring, 

adapted from Table 5, Pearson et al. (2005). Content is provided as an example of past 

advice on monitoring within DFO, prior to the changes in the Fisheries Act, and is not 

intended to be considered specific recommendations arising from the SAR that spurred 

the creation of this report.  

 Description 

Objective 1 To verify that the project was implemented as designed and 

approved 

As-Built Survey  Direct comparison with approved design of project configuration, 

materials, structural integrity, and area (by habitat type), using 

rigorous topographic survey methods and photography. 

Post-project Surveys Same methods used as in as-built survey. Recommended for 

years 2, 5 and 10 in post-construction monitoring period 

Objective 2  To quantify the net change in habitat productive capacity 

Approach Multi-metric approach to assessing habitat productive capacity 

that includes a broad range of surrogate variables including 

measures of physical habitat, biological production (e.g. 

biomass) at a range of trophic levels, and individual measures of 

fitness (e.g. fish growth and condition) 

Experimental design BACIP (before-after-control-impact-paired) 

 Surrogate variables for productive capacity measured at 

project and control sites before and after project 

implementation 

Control sites  One local control for variables involving fish (to correct for 

movement effects) 

 Two distant controls as insurance in case of difficulties 

with one 

Monitoring duration  Two years of pre-project monitoring (minimum one year) 

 10 years of post-project monitoring 
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Monitoring frequency  Pulsed in three periods of two years each (1 and 2, 5 and 

6, 9 and 10) 

 Sampled three times per monitoring year for most 

variables (once per year for riparian vegetation) 

Typical variables Physical 

 water temperature 

 water quantity (area, hydrograph) 

 water quality (dissolved oxygen, BOD, nutrients, 

contaminants) 

Biological 

 primary production (e.g. periphyton density and diversity, 

eelgrass density) 

 secondary production (e.g. macroinvertebrate density and 

diversity) 

 tertiary production (e.g. fish abundance, density and 

production by species and life stage, fish growth and 

condition) 

Data analysis  Three Welsh T-tests per variable. Tests compare differences 

between control and project sites before construction with 

differences in the immediate (1-2 yr), short (5-6 yr) and medium 

(9-10 yr) terms. 

 

Both above-noted references provide valuable details on each step of their framework 

and should be consulted for clarification as required. As stated in the SAR, the 

monitoring plan should be a component of a broader monitoring framework used by 

DFO to evaluate program effectiveness.  It is worth reiterating that monitoring programs 

should be designed to assess effectiveness of offsetting at meeting success criteria 

(biological targets) and ultimately to determine if the offsetting activity is ecologically 

stable and self-sustaining. The monitoring plan should include clearly articulated 

measures of success that are linked to the objective of the offsets and that provide 

benchmarks for measuring progress. Another important objective for monitoring is to 

learn what offsetting activity works and what doesn’t. Thus, monitoring would provide 

feedback that could be used to modify management actions related to an adaptive 

management plan. However, this feedback is only useful if it reaches the front-line 

biologists in the program, requiring a standardized reporting format that will easily allow 

transfer of essential information into a central database. These overarching goals 

should be kept in the forefront of the monitoring program design. The seven steps 

advocated in the SAR as part of a comprehensive effectiveness monitoring program are 

as follows:  
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1. Establish goals of monitoring:   

a. At site-scale (is it performing as intended, have quantitative targets been 

achieved or are results trending in the right direction).  

b. By monitoring type/category (spawning, nursery, rearing, food supply, and 

migration habitats).  

 

2. Establish science-based, quantitative targets to evaluate achievement of 

offsetting goals. For example, as based on regional benchmarks for productivity 

or based on pre-impact data collected at the site of impact and/or a reference 

site. 

 

3. Determine likelihood of success of offsetting (based on documented success): 

a. Where uncertainty of offsetting success is high, use a higher 

frequency/intensity of monitoring; more offsetting. 

b. Where uncertainty of offsetting success is low, use a lower 

frequency/intensity of monitoring. 

 

4. Define metrics for monitoring (direct and indirect, linked to scale). Metrics should 

be the same used in the characterization of the baseline data (see step #1, 

Appendix A).  

 

5. Monitoring design decision (reference site, control, sampling intensity, sample 

size, etc.). 

 

6. Determine appropriate duration for monitoring (both pre- and post-offsetting 

activity). 

 

7. Proponent reporting (in a standardized format, which can be incorporated into a 

common, shared database).  

 

Where Pearson et al. (2005) provide a generic monitoring framework for all habitat 

types and focused on assessing compensation for lost habitat productive capacity (thus, 

a more ecosystem level approach), we will be more specific in providing monitoring 

guidance for different habitats, allowing more targeted recommendations on metrics and 

design. A common theme among these monitoring guidance publications is the 

importance of collecting consistent, comparable data that would allow a number of 

project-level assessments to be statistically assessed and compared, improving 

understanding of the effectiveness of the various offsetting strategies. Following a 

standardized approach will improve the Fisheries Protection Program’s ability to both 

assess success of individual offsetting projects, but will also allow the assessment of 
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program success, should Fisheries and Oceans Canada seek to conduct an 

assessment.  As highlighted above, this report is not the first to provide 

recommendations on the quantification of effectiveness of management activities, and 

valuable guidance can be gleaned elsewhere.  

This report will follow the seven steps listed above providing practical guidance for 

effectiveness monitoring of offsetting serious harm for DFO’s new Fisheries Protection 

Program on a national scale.  Habitat types covered include spawning, nursery, rearing, 

food supply, and migration areas.  If more than one habitat type is created via offsetting 

activities, recommendations should be complementary enough to combine strategies 

but include multiple metrics and targets to gauge success. The goal for each section is 

to be comprehensive enough to provide practitioners and proponents with a 

methodology for quantitative effectiveness monitoring, but will use references as 

appropriate (e.g., for detailed descriptions of methods) to keep this report brief.  The 

proponent reporting section (step #7) is common to all habitat types and can be found at 

the end of this report.  

2 SPAWNING HABITAT  

 

Spawning habitat is defined as habitat that provides the environmental conditions 

necessary for successful spawning. While all fish habitat types as defined in the 

Fisheries Act are essential to complete their life processes, spawning habitat is often 

considered the most critical since many fishes are selective about where and when they 

spawn (Balon 1975; Præbel et al. 2009) and availability of specific habitat features, at 

particular times, can be limited. Spawning habitat is well studied, partially because of 

the reduced mobility of early life stages, and relative ease in observing spawning and 

early development in situ in many freshwater (Fitzsimons 2014) and marine ecosystems 

(Kornfield et al. 1982). Considering the local and specific nature of spawning habitat for 

a number of species, it is also one of the more frequently considered habitat types when 

negotiating restoration or creation of habitat for offsetting simply because it is often 

smaller in area, may be easier to define and thus create. Whether or not spawning 

habitat is in fact limited or whether its creation contributed to increased recruitment is 

rarely assessed (Minns et al. 1996). 

Spawning habitat requirements for a number of species are well known and include well 

defined parameters such as substrate composition, cover, depth, water quality, velocity, 

salinity/conductivity, oxygen concentration, etc. (e.g., Bjorrn and Reiser 1991, Miller et 

al. 1991, Lane et al. 1996). Spawning habitat has a direct and obvious link to fisheries 

productivity since the number of spawners and success of their progeny can depend on 

the quality and quantity of available spawning habitat. Furthermore, the importance of 

early life stage survival to population abundance and fisheries has been well 
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documented (Kelso and Rutherford 1996). For a number of well-studied fishery species, 

mainly salmonids in a variety of regions in Canada, productivity can be directly 

estimated by achieving target egg deposition levels per area of appropriate habitat 

(Levy and Slaney 1993; DFO and MNRF 2008). 

Successful incubation of embryos and emergence of young-of-the-year depend on 

habitat characteristics as described above, and on additional factors, including 

temperature, dissolved oxygen, biological oxygen demand in proximity to the eggs, 

channel gradient, discharge, velocity, depth, permeability and porosity of substrate 

(Bjorrn and Reiser 1991). Both selection of the offsetting habitat by adult spawners and 

successful incubation of embryos to emergence are required for the habitat to be 

considered effective. Here we provide technical guidance for monitoring design to 

assess effectiveness of habitat offsetting in/to fish spawning grounds. 

2.1 SUCCESS CRITERIA 

 

Success criteria of offsetting for spawning habitat would include both compliance and 

effectiveness components:  

 Compliance aspects include a quantitative evaluation of habitat replacement ratio 

(i.e., m2 loss/changed vs. m2 gained). Ratio must meet negotiated target, which is 

often greater than 1:1 to allow for the delay in becoming functional habitat and 

uncertainty that the offset will be successful.  

 Compliance must also include evidence that the created habitat is stable and 

would withstand extreme weather events (storms, water discharge and levels, 

droughts).  

 At the site-scale effectiveness must evaluate if the spawning habitat is 

performing as intended, what level of spawning success has been achieved 

against quantitative targets. Habitat offset needs to be self-sustaining.  

 Targets to be established prior to monitoring (see below).  

 

2.2 TARGETS 

 

Quantitative targets must be established prior to monitoring and are to be science 

based, with levels set from historical data from the site (if available), reference data from 

proximate natural habitats (could be a control site in another system) or from regional 

benchmarks. Deviation from a reference condition or regional benchmark is likely to be 

best measured using non-parametric ranges (e.g., interquartile range).  

 Presence/absence of eggs or larvae can confirm the use of the habitat 

(qualitative), but quantitative assessment is necessary to establish effectiveness, 

assuming the goals of the habitat offset include effectiveness assessment. 
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Presence of adult spawners in the proximity of the offset spawning habitat does 

not confirm use of the habitat for spawning.  

 Egg incubation is often used to assess the quality of the habitat via determining 

egg survival in spawning redds (e.g., Merz et al. 2004; Palm et al. 2007) and 

capelin spawning beaches (e.g., Nakashima and Taggart 2002). 

 Juvenile recruitment or year-class strength can also be an appropriate method to 

assess the effectiveness of the spawning habitat in some instances where they 

can be associated with specific spawning locations.  

 This category may be less applicable for marine environments if spawning areas 

are not geographically specific areas (especially for pelagic species). In this 

case, quantitative sampling is possible using active gears (e.g., high speed 

plankton nets), but using spawning habitat as an offset may be less appropriate.  

 

2.3 LIKELIHOOD OF SUCCESS 

 

Spawning habitat is frequently created for offsetting habitat loss in freshwater 

ecosystems. Some of the reasons for this high frequency include: 1) its loss may be the 

cause of the offsetting requirement (loss of spawning habitat is usually considered high 

risk/serious); 2) it is often perceived to be limiting; 3) more is thought to be known about 

the spawning habitat requirements for a number of valued fish species; and/or 4) the 

area required for creating spawning habitat is usually smaller than for other life stages. 

However, despite the frequency of spawning habitat creation (or rehabilitation), 

thorough effectiveness monitoring is not often conducted and great uncertainty remains 

about the effectiveness of spawning habitat restoration (Roni et al. 2002). This lack of 

knowledge was addressed in a 2003 American Fisheries Society Symposium that 

resulted in the publication of a book highlighting the state of knowledge and deficiencies 

for riverine salmonid spawning habitat restoration (Sear and DeVries 2008). In marine 

ecosystems, knowledge of the effects of improvements to spawning habitat is virtually 

absent.  

The likelihood of success of the offsetting must be based on other documented 

successes. For better studied species such as sturgeon (e.g., Dumont et al. 2011) or 

salmonids (e.g., House 1996; Fitzsimons 1996, 2014; Merz et al. 2004; Palm et al. 

2007), there will likely be greater certainty than for other species. Where offsetting 

success is previously unknown, the level of uncertainty will be difficult to assess a priori. 

The greater the uncertainty is, the greater the offsetting ratio and intensity of monitoring 

that is required.  
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2.4 METRICS AND INDICATORS FOR MONITORING EFFECTIVENESS   

 

For effectiveness monitoring, it is essential that quantitative data be collected on both 

the physical and biological aspects of the spawning habitat. Depending on the goals of 

monitoring, a hierarchy of metrics should be collected. Table 3 from Pearson et al. 

(2005) provides a list of useful references that detail sampling methodologies organized 

by category (physical, chemical, biological) and system type (stream, river, lake, 

estuarine and marine).  

Data collection activities include: 

 Measure the area of the spawning habitat, geospatially referenced (m2), including 

areas both directly and indirectly impacted.  

 Characterize suitable substrate (substrate type including vegetation, particle size, 

substrate stability, embeddedness, etc.) 

 Characterize other relevant physical variables including depth (range based on 

normal water level fluctuations), water velocity, and cover, exposure (fetch) or 

other relevant physical descriptors.  

 Ultimately, the production of emergent/hatched fish(es) or density of young-of-

the-year (YOY) fish(es) should be the biological variable to verify the 

effectiveness of the offset habitat. Egg density will confirm use of the habitat, but 

not necessarily its success if the environment is not conducive for survival to 

emergence.  

 Spawning habitat is traditionally assessed in a variety of ways, including 

measures of egg density (using egg mats, egg traps or other egg-capture 

substrates), larval emergence (lakes) or larval drift (streams/rivers). Appropriate 

media (e.g., type of egg mat/trap, type of larval capture net/trap, pumps, etc.) is 

species and habitat dependent. Kelso and Rutherford (1996) and Bagenal and 

Nellen (1980) provide a review of egg and larvae sampling techniques for 

different species under different circumstances. Balon (1975) provides 

information on fish reproduction, which could help guide collection methods, gear 

types, and sampling periodicity depending on species expected to use the offset 

habitat. In some marine demersal spawning species (e.g., capelin – Nakashima 

and Taggart 2002, herring - Haegele and Schweigert 1985), similar approaches 

may be suitable.  

Data that may need to be collected depending on results of the above data collection: 

 If the biological endpoints (quantitative targets) have been met (e.g., 

emergent/hatched fish), the collection of metrics has been satisfied. Periodic 

resampling of above metrics will be required according to an agreed-upon 
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temporal scheme; if biological endpoints have not been met, then proceed with 

collection of mechanistic information (“why did the offsetting plan fail?”). 

 Temperature can be the reason for recruitment failure (for range of functional site 

requirements of species). 

 Dissolved oxygen can be another reason for low egg survival rates. Both surface 

and hyporheic (within the substrate) oxygen levels should be measured, for 

relevant species (e.g., salmonid, and some other freshwater forms).  

 Other water quality variables can be collected as appropriate for the site.  

 

2.5 MONITORING DESIGN   

 

The monitoring design for assessing effectiveness of spawning habitat would include 

the selection of an appropriate reference site or control (or use of regional benchmark if 

established), sampling intensity, sample size, and duration.   

 Baseline data for project and offsetting assessments should be collected using 

metrics similar to those that will be used for effectiveness monitoring.  

 Establish reference condition1 (sensu Stoddard et al. 2006) and control site(s) as 

appropriate using as many of the following options as are practical: 

 

O “Before” data from the impacted habitat, and/or 

O Regional standard/benchmark (Randall et al. 2013) based on spatial and 

historical data from the region, and/or 

O Historic data (availability will be site specific), and/or 

O Data from a reference or control site, and/or 

O Modelling. 

 

 A properly implemented Before-After Control-Impact design (BACI) is still 

considered the best for environmental monitoring and is suitable in projects 

incorporating ‘before’ data and data from reference or control site(s) (Underwood 

1991; Stewart-Oaten and Bence 2001). If only one of either ‘before’ or ‘reference’ 

data are available, using a Before-After or Control-Impact design is also possible, 

but these designs are suboptimal and will deliver less certainty in the results.   

 When using regional benchmark data, sufficient data are required to establish 

isopleths of productivity for different geographic regions, and could be partitioned 

among habitat types using science-based suitability indices (Randall et al. 2013).  

                                                           
1
 
 
In this report, reference condition is for productivity. Development of the reference condition approach for 

offsetting and FPP is ongoing.  
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 Historic data need to be of adequate duration to establish a range of variability 

and estimate carrying capacity.   

 

2.6 ESTABLISH APPROPRIATE DURATIONS (TIMESCALE) FOR MONITORING 

 

A review of 345 articles that examined the effectiveness of various habitat rehabilitation 

techniques found that firm conclusions were elusive due to lack of information, resulting 

mainly from short term studies of limited scope (Roni et al. 2008). They identified three 

major needs related to effectiveness monitoring and evaluation:  1) long-term 

evaluation, 2) watershed or broad-scale monitoring, and 3) consistent metrics. In 

keeping with these recommendations, we outline a rigorous, long-term monitoring 

program that is expected to capture variability, consider the life cycle of valued species, 

and the specific project details. When a project is expected to alter habitat conditions, 

(e.g., siltation/infilling, flow change, and other local conditions) it may take years or 

decades before a change in biota is evident (Roni et al. 2008), and a longer term (i.e., 

>10 years) monitoring program may be required.  

 

The duration of monitoring must capture inter-annual variability or the monitoring 

program risks not being able to distinguish project effects from natural variability. One 

year of sampling is not adequate to provide any estimate of variability, two years of 

sampling are not adequate to generate a mean with valid error, therefore a minimum of 

three years of sampling are required, regardless of the type of data used (i.e., before 

data, historical data, benchmarks, control sites, etc.). The period of post-impact 

sampling should also consider the life cycle of the target fish species. These timelines 

will be project, region, and ecosystem specific.  

 

For spawning habitat, the seasonal timing of sampling depends on the species and 

habitat, but should aim to capture the spawning season, incubation time, and 

emergence, depending on the selected biological metric. 

 

Therefore we recommend: 

 

 Three years before development at the impact site to establish baseline;  

 Three years sampling immediately post-change; 

 An additional 3 years of sampling at a later time  (e.g., four to six years post or 

some later time); and, 

 A revisit ten years after project impact to capture longer-term changes to the site.  
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3 NURSERY HABITAT  

 

Habitat that provides better than average conditions for larval and young-of-the-year fish 

to grow and survive to the next life stage is often referred to as nursery habitat (Beck et 

al. 2001). Nursery habitat and its function in determining potential productivity apply to 

most ecosystem types. The duration to which a species will utilize nursery habitat is 

species-specific but generally it is most important during the first year of life (e.g., post-

emergence for salmonids, post-settlement for decapod crustaceans and demersal 

marine groundfish species with pelagic life stages). Nursery habitat has been shown to 

play a substantive role in the productivity of fish populations in a wide variety of 

ecosystems (e.g. Jurajda 1999, Seitz et al. 2014). In general, nursery habitat tends to 

be in highly productive areas within the aquatic landscape such as deltas, wetlands, 

seagrass beds, marshes, etc. that allow for increased juvenile density and growth due 

to warm temperatures and high prey concentrations. Nursery habitat is also often 

structurally complex and provides cover for juveniles from larger aquatic and terrestrial 

predators and thus increases their chances of survival. Nursery habitat can overlap 

spatially and, in some cases, temporally with spawning or rearing habitat, depending on 

the species and its specific life history constraints.  

While growth and survival are important, the main role of nursery habitat from a 

fisheries productivity perspective is to provide a better than average contribution to 

recruitment to the subsequent life stage. Therefore, connectivity of a nursery habitat to 

both a source of juveniles and to sub-adult and adult habitat is of utmost importance as 

it is often essential to fish population survival.  Some species have nursery habitat 

adjacent to spawning habitat (e.g., Pink Salmon, Thedinga et al. 2000), but others 

spawn pelagic eggs or produce larvae and juveniles, which may be transported to 

nursery habitat 10's to 100s of kilometers away by natural processes of wind and 

current (e.g., some Fraser River Chinook Salmon populations, Levings et al. 1995; 

Bluefish, Juanes and Conover 1995; and Atlantic cod, Bradbury et al. 2008). Offsetting 

plans involving nursery habitat tend to focus on restoring previously degraded habitat 

known to have served this function in the past (e.g., restoration of eelgrass habitat, 

Short et al. 2002). 

 

3.1 SUCCESS CRITERIA 

 

Success criteria of offsetting for nursery habitat may be project and species specific but 

would include both compliance and effectiveness components: 

 Compliance will depend on project-specific details. However, often in nursery 

habitat offsets there will be a number of different physical works that could be 

constructed (e.g., substrate placement, flow manipulation, vegetation 
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placement), which may be unique to the project. The stability of these physical 

works would likely become the main objectives for compliance monitoring.  

 Compliance must also include evidence that the created habitat is stable and 

would withstand extreme weather events (e.g., storms, elevated discharge 

levels and water level surges, water drawdown rates and levels, and droughts).  

 At the site-scale, effectiveness must evaluate the degree to which the nursery 

habitat is performing as intended or anticipated. Effectiveness evaluation should 

include some indication of the recruitment to the next life stage, which 

represents the functional aspects of the nursery habitat, not just its unit area. 

The nursery habitat offset should be self-sustaining and not require 

maintenance to fulfill its function in the long term.   

 Targets should be established prior to monitoring (see below).  

 

3.2 SCIENCE-BASED TARGETS TO EVALUATE EFFECTIVENESS 

 

Quantitative targets must be established prior to monitoring and are to be science-

based. Targets can be set from historical data from the site (preferred), if available, 

reference data from proximate natural habitats (e.g., control sites in other similar 

ecosystems [watershed, river/stream reach, lake/pond, coastal embayment]) or based 

upon relevant regional benchmarks.  

 Nursery habitat has historically been more difficult to assess than spawning 

habitat, being more spatially extensive than the latter, which are comparatively 

better known, in both freshwater and marine systems. Temporally, nursery 

habitat may be occupied by larval and early juvenile life stages for short periods 

of time - a few days in pelagic species to periods of several months or years in 

slow growing, long-lived species. An assessment of post-hatch abundance taken 

together with measures of survival to subsequent life stages (e.g., juvenile or 

beyond) will be necessary to evaluate nursery function. Most methodology will be 

both regional and species-specific.  

 Surrogates for nursery habitats could be defined for regionally determined habitat 

categories. In freshwater, these would include measures of stream riffles and 

runs, pools for streams; slow and fast flowing reaches for rivers; riparian 

structure, amount and ratio of benthic and pelagic areas for lakes and large 

riverine environments. In estuarine and marine coastal ecosystems, surrogates 

include the amount of tide channel habitat, extent of seagrass and marsh areas, 

and the complexity of seabed habitat (substrate, exposure, bathymetric diversity).   

 Presence/absence of larvae and juveniles can confirm the use of the habitat 

(qualitative), but quantitative assessment is necessary to establish effectiveness 
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in an offsetting context. Presence of adults in the vicinity does not always 

indicate use of such areas as nursery habitat. Early life stages often are not 

found in the same locations as adults of the same species, which are often 

cannibalistic in the absence of cover for larvae and juveniles.  

 Regional and species-specific quantitative targets such as density of juvenile and 

adult fishes (i.e., inferred production) can be useful surrogates of nursery 

function.  

 Targets based on reference condition, historical information, and regional 

benchmarks need to be established.  

 Juvenile recruitment and cohort strength are appropriate methods to assess the 

effectiveness of the combined value of nursery and rearing habitat in many 

cases, where separating the two habitats is not possible or practical.  

 Delimiting nursery habitat for pelagic species in the marine environment or large 

lake systems may often prove impractical. These are to a great extent, "open 

systems", not easy to delimit or effectively evaluate. In such cases, quantitative 

sampling is possible using active gears (e.g., high speed plankton nets) or large-

mouthed trawls, but the ability to offset habitat loss in this category will be difficult 

in most instances.   

 

3.3 LIKELIHOOD OF SUCCESS OF OFFSETTING  

 

For nursery habitat, certainty of success of offsetting habitat loss is species and 

ecosystem dependent. Assuming open access to the habitat by juvenile fishes and the 

proximity to a source of progeny, likelihood of success is high for freshwater and most 

estuarine systems, particularly for well-studied species like salmonids and marine 

demersal species. Offsetting for true pelagic species (e.g., herring) will typically be 

difficult to attain but may be possible for pelagic species spawning demersal eggs (e.g., 

Capelin) and for demersal species producing pelagic eggs that will later ‘settle’ into 

nursery habitats (e.g., Atlantic Cod).  

 

3.4 METRICS AND INDICATORS FOR MONITORING EFFECTIVENESS   

 

For effectiveness monitoring, it is essential that quantitative data be collected on both 

the physical and biological aspects of the nursery habitat. Depending on the goals of 

monitoring, a hierarchy of metrics should be collected. Table 3 from Pearson et al. 

(2005) provides a list of useful references that detail sampling methodologies organized 
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by category (physical, chemical, biological) and system type (stream, river, lake, 

estuarine and marine).  

Data collection should include: 

 Measure the area of the existing nursery habitat, geospatially referenced, 

including areas both directly and indirectly impacted (m2),  

 Measure proximity to known spawning and rearing habitats. 

 Characterize suitable substrate (particle size, substrate stability) and vegetation 

in all nursery areas directly and indirectly affected by the project.  

 Characterize other relevant physical variables including depth (range based on 

normal water level fluctuations), water velocity, cover, exposure (fetch) or other 

relevant physical measures appropriate for each system type (substrate, depth, 

cover, water velocity for fluvial, etc.) 

 Measure physical and chemical variables that are key drivers of productivity 

(e.g., temperature, wind exposure for lake and marine shorelines, nutrient and 

oxygen concentrations, pH). 

 Quantify nursery habitat lost in order to determine the area and habitat type 

needed to offset the planned impact, including a measure of uncertainty.  

 Ultimately, the production of larval and juvenile fish (as appropriate to the 

species) should be the primary biological variable (e.g., for salmonids this would 

be density or abundance of young-of-the-year; for cod it would be the density or 

abundance of 1-year old individuals) to verify the effectiveness of the offset 

nursery habitat to fish production. 

If the quantitative targets have been met (e.g., abundance or density of larvae or 

juvenile fish), the collection of metrics has been satisfied. Periodic resampling of 

above metrics will be required at accepted time-frames and schedules. However, in 

some circumstances, additional data that may need to be collected on fish metrics 

are:  

 If biological endpoints have not been met, then mechanistic information will be 

required with the objective of determining why the offsetting plan failed. Why is 

the intended area not functioning as an effective nursery habitat?  

 Abundance and biomass of larvae and juvenile fish per unit of offsetting area 

may be key variable. Consequently, potential metrics may include: 
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o Fish density (number of fish per m2) or at least catch per unit effort 

(CPUE). 

o Biomass (kilograms of fish per m2) or at least biomass per unit effort.  

 A verification of connectivity (physical and physiological) between nursery habitat 

and other required habitat types, especially in freshwater ecosystems.  

 Non-habitat associated factors affecting fish abundance (e.g., exploitation of 

spawners affecting apparent recruitment and use of nursery habitat).  

 Abiotic factors (e.g. temperature, dissolved oxygen etc.) potentially limiting 

abundance, as appropriate to the specific system type and region. 

 

3.5 MONITORING DESIGN  

 

The monitoring design for assessing effectiveness of nursery habitat includes the 

selection of appropriate controls (or use of a regional benchmark, if established), 

sampling intensity, sample size, and duration.   

 Baseline data for project and offsetting assessments should be collected using 

metrics similar to those that will be used for effectiveness monitoring.  

 Establish reference condition2 (sensu Stoddard et al. 2006) and control site(s) as 

appropriate using as many of the following options as are practical: 

 

O  “Before” data from the impacted habitat, and/or 

O Regional standard/benchmark based on spatial and historical data from 

the region(Randall et al. 2013), and/or 

O Historic data (availability will be site specific), and/or 

O Data from a reference or control site, and/or 

O Modelling. 

 

 A properly implemented Before-After Control-Impact design (BACI) is still 

considered the best for environmental monitoring and is suitable in projects 

incorporating ‘before’ data and data from a reference or control site (Underwood 

1991; Stewart-Oaten and Bence 2001). If only one of either ‘before’ or ‘reference’ 

data are available, using a Before-After or Control-Impact design is possible, but 

                                                           
2
 
 
In this report, reference condition is for productivity. Development of the reference condition approach for 

offsetting and FPP is ongoing.  
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such designs are suboptimal and will deliver less certainty in the results and may 

require larger number of sites to achieve an effective outcome.   

 When using regional benchmark data, sufficient data are required to establish 

isopleths of productivity for different geographic regions, and could be partitioned 

among habitat types using science-based suitability indices (Randall et al. 2013).  

 Historic data need to be of adequate duration and quantity to establish a range of 

variability and estimate carrying capacity.   

 

3.6 ESTABLISH APPROPRIATE DURATIONS (TIMESCALE) FOR MONITORING.  

 

The scientific explanation for the recommended monitoring duration can be found in 

section 2.6 above. The seasonal timing of sampling nursery habitat depends on the 

species and habitat, but should aim to capture the season(s) when the area is being 

used as a nursery by the target species, depending on the metric selected as the 

biological variable. 

 

Therefore we recommend: 

 

 Three years before development at the impact site to establish baseline;  

 Three years sampling immediately post-change; 

 An additional 3 years of sampling at a later time  (e.g., four to six years post or 

some later time); and, 

 A revisit ten years after project impact to capture longer-term changes to the site.  

4 REARING HABITAT   

 

Technical guidance is provided in this section to assess the effectiveness of offsetting 

the loss or permanent alteration of fish rearing areas. Rearing habitat is defined as the 

area, and the environmental conditions within the area, that support fish growth, 

survival, and production during the life history stages from the end of the young-of-the-

year or post-larval stage to the adult stage (i.e., usually “juvenile” life stages). Rearing 

habitat is usually less specialized, in terms of depth and substrate, than spawning or 

nursery habitat.  Depending on the species and life history strategy, the rearing habitat 

is sometimes separate from nursery or spawning habitat, but these habitat types can 

also overlap spatially.     

Functional links between rearing habitat and fish production include food supply and 

foraging to support energetics (maintenance), somatic growth, and adult maturation 

and, simultaneously, the living space and refugia needed for residency and survival 
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during the rearing period. Together, the foraging and refugia functions of rearing habitat 

contribute to both the growth (G) and biomass (�̅�) components of fish production, where 

P = Gt�̅�average, (product of growth in fish size and average biomass during the time 

interval). Units of production rate are kg of fish biomass produced in the rearing habitat 

(m2) during the rearing stage stage (t), measured annually as total (kg/yr) or relative 

production (kg/ m2/yr). Most of the fish population biomass produced and accumulated 

while using the rearing habitat contributes to sustaining population viability (energy for 

maturation and spawning) and ultimately to population and fisheries productivity 

(harvest). The space requirements for rearing habitat of individual fishes increases with 

body size within and among life stages. The rearing habitat for all age groups, 

collectively, is vital for the ongoing productivity of CRA fishes and the rearing habitat 

needed for a population is often extensive. Area of rearing habitat and the food supply 

available within this area determine the carrying capacity (maximum abundance) of a 

population.  

Production rate per se is sometimes measured, but surrogate metrics of productivity 

(abundance, biomass, and the vital rates of growth and survival) are measured more 

frequently and are relevant as they are sub-components of the algorithm for calculating 

production (above equation).    

The description of rearing habitat in this section, and the functions of the habitat that 

determine fisheries productivity, are generic and apply to all ecosystem types: streams, 

rivers, lake littoral, estuarine and marine coastal. Much of the information on monitoring, 

study design, methods and assessment guidance for rearing habitat in this section was 

taken from Pearson et al. (2005). Case studies involving the use of productivity metrics 

and different monitoring study designs for rearing habitat in a few ecosystem types 

(wetland, rivers, and an estuary) are cited from the Pearson et al. (2005) report and 

other literature, with an emphasis on Canadian examples.          

 

4.1 SUCCESS CRITERIA  

 

Success criteria of offsetting for rearing habitat would include both compliance and 

effectiveness components. Compliance monitoring should include evidence that the 

offset habitat is stable over time.  

 Quantitative measure of rearing habitat loss (m2) and/or rearing habitat 

quality change (m2).  

 Successful offsetting requires that equal or likely more habitat units are 

needed to replace or offset this loss. An evaluation of an appropriate 

offsetting ratio (sensu Minns 2006, Clarke and Bradford 2014) is needed.    
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 Evidence that the habitat is stable and would withstand extreme weather 

events (storms, water discharge and levels, droughts – e.g., Warren et al. 

2010). 

 To evaluate effectiveness, confirmation at the project site-scale that the 

offset rearing habitat is functioning as intended. Empirical evidence of 

successful rearing at the offset habitat, such as persistent seasonal 

abundance of fishes (demonstrating residence) and evidence of growth and 

survival of fishes. 

4.2 TARGETS 

 

Targets for assessing effectiveness would be based on information not only from the 

impacted site, but also historical data from the site (if available), from reference site(s), 

or from a regional benchmark dataset (Randall et al. 2013).  

 Quantitative science-based targets for the offsetting area would be based 

on historic, reference or agreed-upon regional benchmarks.  

 Depending on the offsetting goals, the targets would be qualitative, semi-

quantitative or quantitative (Bradford et al. 2013).  

 Targets could be based on measuring or inferring productivity from habitat 

surrogates or by measuring biological metrics.   

 Surrogates for rearing habitats could be defined for regionally determined 

habitat categories. In freshwater, these would include measures of stream 

riffles and runs, pools for streams; slow and fast flowing reaches for rivers; 

riparian structure, amount and ratio of benthic and pelagic areas for lakes 

and large riverine environments. In estuarine and marine coastal 

ecosystems, surrogates include the amount of tide channel habitat, extent 

of seagrass and marsh areas, and the complexity of seabed habitat 

(substrate, exposure, bathymetric diversity).  

 Regional benchmarks of habitat productivity will likely include composites of 

these habitat categories. 

 Reference sites would likely be specific habitat categories, comparable and 

in close proximity to the impacted site.    

 Regional and species-specific quantitative targets such as density of 

juvenile and adult fishes (i.e., inferred production) can be useful surrogates 

of rearing function.  
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 Targets based on reference condition, regional benchmarks or historical 

information need to be established and agreed upon, including 

quantification of the normal deviation from the reference condition (e.g., 

interquartile range).  

 Juvenile recruitment and cohort strength are appropriate methods to assess 

the effectiveness of the combined value of nursery and rearing habitat in 

many cases, where separating the two habitats is not possible or practical.  

 Habitat-based surrogates of productivity would be less applicable for 

pelagic fishes. 

 

4.3 LIKELIHOOD OF SUCCESS 

 

For rearing habitat, certainty of success of offsetting depends on the ecosystem and 

species. Assuming access to habitat is unimpeded (free movement of fishes) and that 

source populations are abundant, likelihood of success is high for streams, rivers, and 

lake littoral (particularly for well-studied species such as salmonids) and medium to high 

for estuarine or marine environments. Several example studies have shown success or 

lack of success of rearing habitat offsetting in streams, rivers, lakes (littoral), estuaries 

and coastal marine habitat (Laurel et al 2003; Jones and Tonn 2004; Pearson et al. 

2005; Quigley and Harper 2006; Roni et al. 2008; Smokorowski and Pratt 2007; Warren 

et al 2010; Wong et al. 2011; Cote et al 2013). 

 

4.4 METRICS AND INDICATORS FOR MONITORING EFFECTIVENESS   

  

Quantitative data need to be collected on both habitat and fish (or other biotic) metrics. 

For both the physical and biological measures, metrics and indicators are listed from 

simple to more sophisticated measures, which would depend on the offsetting goals:   

Habitat metrics:  

 Measurement of the area of the existing rearing habitat (m2). 

 Measurement of rearing habitat by broad habitat categories, geospatially 

referenced, with units of m2, including areas both directly and indirectly 

impacted.  

 Physical variables appropriate for each habitat category (e.g., substrate, 

depth, cover, water velocity for fluvial habitat).  
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 Other physical and chemical variables that are key drivers of productivity 

(e.g., temperature, wind exposure for lake littoral nutrient concentration, and 

other variables as determined in the offsetting plan). 

 Quantification of habitat lost, by habitat category, would be used to 

determine the area and habitat needed for offsetting the impacts, including 

accounting for uncertainty (offsetting ratios; Minns 2006, Clarke and 

Bradford 2014).   

Fish metrics:  

 Abundance and/or biomass of juvenile and adult fish(es) for a known 

offsetting area should be the primary biological variable. Depending on the 

objectives of the offsetting plan, and in order of effort, potential metrics are:  

o Presence/absence, 

o Fish density [Number of fish per unit of effort or per m2], 

o Biomass [g wet weight per unit of effort or per m2], 

o Sampling effort (relative or absolute units of abundance) is 

determined by the agreed-upon offsetting plan, 

o Examples of each metric are provided in the marine and freshwater 

literature cited above for Likelihood of Success. 

 if it has been demonstrated that the biological endpoints have been met 

(abundance or biomass of fish within target range) sampling can be 

terminated or continued periodically according to an agreed-upon temporal 

scheme  

 If not, then proceed with collection of mechanistic information to determine 

why fish are not using the area: 

o Partial barriers to access, 

o Non-habitat factors affecting fish abundance (e.g., exploitation, 

contaminants), 

o Temperature (for range of functional site requirements of species 

and life-stage), 

o Dissolved oxygen (for sites/ecosystems with known low oxygen), 

o Other possible abiotic factors limiting abundance. 
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 Sampling methods, catch efficiencies, and use of many common gears for 

fishes are described by Portt et al. (2006) for freshwater habitats and Beck 

et al. (2001), among many others, for marine waters, including their 

potential use for estimating relative or absolute abundance in different 

habitats. Other metrics and monitoring guides are given by Pearson et al. 

(2005).   

 Examples of methods for estimating absolute density in using single or 

multiple pass (removal) electrofishing catches are described by Zippin 

(1958), Reynolds (1983), Jones and Stockwell (1995) and Reid et al. 

(2008).   

Other metrics:  

 Invertebrates, other biota, and individual and fish community metrics can be 

used as described in Green (1979) Quigley and Harper (2006), Pearson et 

al. (2005), Minns et al. (2011) and   Eleftheriou (2013).     

 

4.5 MONITORING DESIGN  

 

The monitoring design for assessing effectiveness of rearing habitat would include 

information on the location and size of a reference site or benchmark control, sampling 

intensity, duration and sample size.    

 Reference site or benchmark data used to measure effectiveness of offsetting 

should be the same metrics as those to be used for monitoring. 

 Establish reference condition3 (sensu Stoddard et al. 2006) and control site(s) as 

appropriate using as many of the following options as are practical: 

O  “Before” data from the impacted habitat, and/or 

O Regional standard/benchmark based on spatial and historical data from 

the region(Randall et al. 2013), and/or 

O Historic data (availability will be site specific), and/or 

O Data from a reference or control site, and/or 

o Modelling.  

 

 A properly implemented Before-After, Control-Impact design (BACI) is still 

considered the best for environmental monitoring and is suitable in projects 

                                                           
3
 
 
In this report, reference condition is for productivity. Development of the reference condition approach for 

offsetting and FPP is ongoing.  
 



 

25 

incorporating ‘before’ data and data from a reference or control site (Underwood 

1991; Stewart-Oaten and Bence 2001). If only one of either ‘before’ or ‘reference’ 

data are available, using a Before-After or Control-Impact design is possible, but 

such designs are suboptimal and will deliver less certainty in the results and may 

require larger number of sites to achieve an effective outcome.   

 

 When using regional benchmark data, sufficient data are required to establish 

isopleths of productivity for different geographic regions, and could be partitioned 

among habitat types using science-based suitability indices (Randall et al. 2013).  

 

 Historic data need to be of adequate duration and quantity to establish a range of 

variability and estimate carrying capacity.   

 

4.6 ESTABLISH APPROPRIATE DURATIONS (TIMESCALE) FOR MONITORING 

 

The scientific explanation for the recommended monitoring duration can be found in 

section 2.6 above. The seasonal timing of sampling rearing habitat needs to cover 

growth period (three sampling dates, early, mid and late growth period within a year). 

Pearson et al. (2005) note that ‘temporal scales (frequency and duration) of monitoring 

should be linked to those of habitat development rates and the life cycle of target 

species’.  Pearson et al. (2005) discuss a number of case studies with appropriate 

timeframes for each.  

 

Therefore we recommend: 

 

 Three years before development at the impact site to establish baseline;  

 Three years sampling immediately post-change; 

 An additional 3 years of sampling at a later time  (e.g., four to six years post or 

some later time); and, 

 A revisit ten years after project impact to capture longer-term changes to the site. 

5 FOOD SUPPLY 

 

Ecosystem components that contribute to the production of food for fish are considered 

fish habitat by the Fisheries Act. Development projects can impact food supply via a 

variety of pathways including, but not limited to: 

 Removal of riparian vegetation, 

 Destruction of aquatic macrophytes from estuary or coastal habitats, 
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 Degradation of substrate by the introduction of sediment or other 

substances, 

 Changes to habitat structure such as large woody debris (LWD), seabed 

fauna, or other features, 

 Changes in water quality including transparency and nutrient 

concentrations, 

 Changes in flow, especially flow diversions, withdrawals, and 

channelization.  

The primary food organisms of most larval and juvenile fishes and many adults are 

invertebrate species including phyto- and zooplankton, and benthic and terrestrial 

macro-invertebrates and insects.  There is a large body of knowledge about how these 

species are affected, in a general way, by the habitat alterations listed above. 

Invertebrate productivity may also be a useful metric of food web function as it 

integrates various energy sources for fish (Wong et al. 2011).  

Unfortunately, the direct monitoring of invertebrate productivity, abundance or diversity 

to evaluate changes in food supply caused by a project, or due to mitigation or offsetting 

can be extremely demanding. Invertebrate communities are inherently diverse and 

variable and extensive sampling and taxonomic efforts are required for a monitoring 

program to be able to detect changes in productivity, abundance or diversity (Miller et 

al. 2010). Further, the taxonomic expertise required for such monitoring programs is 

becoming scarce. 

Consequently, monitoring programs for food supply often rely on surrogates that are 

informed by knowledge of linkages between those surrogates and invertebrate 

productivity (Peterson et al. 2008). Examples include: 

 Riparian vegetation or aquatic macrophyte density, structure, and 

diversity, 

 LWD or other structural features that provide substrate for invertebrates, 

 Substrate composition measures (e.g., % classification by size, D90, 

embeddedness; Bunte and Abt 2001) 

 Primary production models that use water clarity and nutrient 

concentrations as predictors, 

 Hydraulic or geomorphological measures such as wetted width, area of 

littoral zone or more detailed measures such as Habitat Suitability Indices 

for food producing organisms such as benthic invertebrates or forage fish.  

All of these measures have relatively low levels of natural and sampling variability and 

are therefore amenable to use in quantitative monitoring programs. 
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5.1 SUCCESS CRITERIA  

 

The goal of offsetting activities related to food supply is to maintain the production of 

food resources, primarily invertebrates, for fish populations. The first preference is to 

provide additional food supply for fish that are potentially affected by the project through 

offsetting activities implemented in the project vicinity. Off-site activities have the goal of 

increasing fisheries productivity of other populations. Many activities designed to offset 

losses to food supply will also benefit other aspects of fisheries productivity and it may 

be appropriate to identify and assess these gains as well. 

 

5.2 TARGETS 

 

Targets for the monitoring program will depend on the nature of the offsetting and the 

metrics chosen for evaluation. In most cases, the offsetting activities will be considered 

successful if the metrics chosen to monitor offsetting are relevant to food supply and 

result in values equivalent to, or greater than losses caused by the project. 

In the case of the addition of structure for the purpose of a substrate for food production, 

the surface area suitable for production must meet or exceed the potential production 

lost. In cases where the new habitats are similar to those lost, the area of habitat may 

be a sufficient metric for evaluation. 

For vegetation planting, the target will likely be a density, structure, and composition 

similar to that lost. Alternative targets include data from reference or control sites 

nearby. In some cases regional standards may be available (Lewis et al. 2009).  

If invertebrates are being sampled directly, targets will usually be based on information 

from the impacted site, but may also rely on data from reference or control sites 

(density, biomass, diversity, EPT index, etc.). In some cases existing information on 

reference conditions may be available (e.g., the Canadian Aquatic Biomonitoring 

Network (CABIN) database, http://www.ec.gc.ca/rcba-cabin/).  

 

5.3 LIKELIHOOD OF SUCCESS 

 

The likelihood of success of an offsetting activity designed to increase food supply can 

be used to identify the level of monitoring that will be required. In some cases it may be 

appropriate to tailor the monitoring to address the aspect of offsetting that is the most 

risky, either because of uncertainty (lack of knowledge) or because of potential for high 

rates of failure. For example, the importance of intertidal macrophytes for secondary 

production is well known, and the monitoring of the density and diversity of invertebrates 

within a macrophyte bed is likely a low priority compared to assessing the stability and 

http://www.ec.gc.ca/rcba-cabin/
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long-term persistence of constructed marsh or eelgrass beds, since there are many 

aspects of the physical environment that can lead to failures of these offsetting 

activities. 

In general, the efficacy of structures to increase the supply of invertebrates to aquatic 

communities is relatively well understood and probably do not warrant detailed 

effectiveness monitoring that would include metrics such as invertebrate productivity, 

diversity, and abundance, fish feeding rates, stomach contents, growth rates or 

abundance. Functional monitoring to determine the stability of structures or the 

succession of plant communities towards desired endpoints is likely adequate. 

Conversely, unproven offsetting actives, or those for which the benefits are difficult to 

predict with reasonable accuracy are candidates for more detailed effectiveness 

monitoring. An example is the monitoring of fish growth rates in stream or lake 

fertilization programs (Kiffney et al. 2005).  

 

5.4 METRICS AND INDICATORS FOR MONITORING EFFECTIVENESS 

 

Three classes of metrics or indicators may be useful for evaluating offsetting to increase 

food supply. These are: 

1. Metrics related to physical structures or vegetation that provides substrate for 

food production. These are surrogates for actual food organisms and assume the 

relation between these metrics and food supply are understood sufficiently that 

direct monitoring of food organisms is not needed. 

2. Estimates of the abundance and composition of invertebrates. Measurement of 

the food supply may be required for other types of offsetting activities, such as 

manipulations of water quality or quantity if the relation between the activity and 

the response of food supply organisms is not well understood or is less 

predictable. Invertebrate monitoring (particularly secondary production) may also 

be required as a common currency when offsetting is very different in location or 

nature to the project to ensure the offset is at least equivalent to the project’s 

impact. 

3. Estimates of the effects of the offsetting activity on the abundance, growth and 

production of fish. Some combinations of offsetting activities and recipient 

ecosystems may be amenable to evaluating the impact on fisheries productivity 

in a research-level monitoring program. 

Extensive guidance is available on the design of monitoring programs, the selection of 

metrics, and the details of sampling. Examples include Roni (2005) for streams, Lewis 

(2009) for riparian areas, and Thayer et al. (2005) for the coastal zones. These 
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documents are intended for the monitoring of habitat restoration activities, but the 

technical issues are very similar for the monitoring of offsetting activities. 

 

5.5 MONITORING DESIGN 

 

The design of the monitoring program should be tied to the goals of the offsetting 

activity. The program should be able to evaluate whether the offsets are equivalent to 

the serious harm caused by the project and if those benefits are sustainable over an 

appropriate time frame. In cases where the offsetting is different in nature to the serious 

harm the monitoring design should allow for the evaluation of whether offsetting 

activities have provided the benefits to fisheries production that was expected. 

In simple situations the loss of an element of food supply (such as riparian vegetation or 

underwater structure) caused be the project is assessed during the baseline period and 

compared (preferably using the same metric) to the gains associated with the offsetting 

activity. Thus, the design is a Before-After at the project site and a Before-After at the 

offsetting site. The collection of pre-impact (or baseline) data is critical for the 

evaluation; without it, a Control-Impact approach has to be used and the power of such 

designs is often low because of significant natural among-site variation (Cooperman et 

al. 2007). 

The reference condition approach may be appropriate for evaluating the function of 

created or manipulated habitat elements, particularly in situations where many similar 

projects or offsetting activities are likely to occur in an environment or ecosystem type. 

In these cases existing or newly developed reference conditions can be identified that 

would allow for a simplified monitoring program at the offsetting site (e.g., Short et al. 

2000). The challenge of this approach is determining suitable reference sites, 

particularly when ecosystems are heavily modified and it is unclear what the baseline or 

undisturbed state should be (Lewis et al. 2009).  

In the absence of reference information, control sites will need to be established to 

provide a point of reference. In cases where new habitats are being created (such as 

marshes) from dry ground the design will necessarily be a Control-Impact comparison. 

There is significant value in obtaining multiple control sites to establish the variation in 

natural conditions. In cases where offsetting activities are being proposed to increase 

the food supply to existing habitats, baseline data collected at the project site is needed 

to evaluate conditions prior to the offsetting.  

BACI (Before-After Control-Impact; Schmitt and Osenberg [1996]) designs are useful 

when the chosen metric has the potential to be affected by large-scale environmental or 

biological factors that are unrelated to the offsetting activity. Such factors can be 
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controlled for by sampling at nearby control sites under the assumption large-scale 

effects will occur at project and control sites will have similar effects.  

 

5.6 ESTABLISH APPROPRIATE DURATIONS (TIMESCALE) FOR MONITORING 

 

The scientific explanation for the recommended monitoring duration can be found in 

Section 2.6 above. Some types of offsetting or restoration activities designed to 

increase food supply can take many years to fully mature. Manipulated streambeds or 

coastal areas may be fully colonized by primary and secondary producers within a year 

or two. However, aquatic macrophytes and riparian vegetation may take 5-20 years to 

fully develop (Lennox et al. 2011). Further, the food producing capacity of constructed 

habitat can deteriorate over time if natural or human factors (e.g., sediment discharges, 

storms, floods) alter those structures (Dawe et al. 2000, 2011).  . 

Therefore we recommend: 

 

 In cases where the monitoring metrics are food producing features that are 

relatively stable in time (riparian stem densities, woody debris), one year of pre-

project inventory may be sufficient to adequately evaluate project impacts, and 

assess conditions at potential offset sites; 

 Up to three years sampling immediately post change, particularly if contingency 

measures such as vegetation replanting is required; and, 

 A revisit ten years after project impact to capture longer-term changes to the site.  

6 MIGRATION HABITAT 

 

Barriers to fish passage include artificial physical structures (e.g., dams, culverts, river 

training structures, causeways, and some breakwaters), hydraulics (e.g., high velocity, 

turbulence, and low flow), pollution (e.g., effluents), and electromagnetic fields (e.g., 

underwater electricity transmission). Complete barriers impede fisheries productivity by 

preventing fish from completing their life cycle, e.g., preventing egg deposition in areas 

located above an obstacle. Partial or temporal barriers reduce fisheries productivity by 

impeding migration and movement of a portion of the population during specific life 

stages, or at different time periods (e.g., periods of high or low flows). Therefore, 

connectivity between all essential habitats (e.g., spawning, nursery, rearing, and food 

supply habitats) is required to ensure fish reproduction, growth, and survival at different 

life stages (Schlosser 1991). The removal of barriers (perched culverts, weirs) can be a 

particularly effective offsetting measure. 
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Previously, effectiveness monitoring principally focused on passage efficiency. 

However, offsetting activities designed to increase passage will fail if newly accessible 

habitats are not used, not present or not functional (e.g., induce poor embryos and 

juvenile survival or growth). Therefore, the likelihood of success will depend on fish 

(genitors and juveniles) passage efficiency, but also on the availability, quality, 

functionality, and connectivity between all habitat types. Hence, the ultimate metric of 

success of offsetting activities is the colonization rate (production of young-of-the-year 

in spawning habitats), and survival and growth of juvenile fish in the newly accessible 

spawning, nursery, rearing, and food supply habitats.  

Barriers can alter habitats located above and below an obstruction. For example, 

hydroelectric developments induce changes in flow and temperature regimes, sediment 

transport and deposition, nutrient and food supply, and dissolved oxygen concentrations 

(see Rosenberg et al. 1997 for a review). Similarly, barrier removal may result in habitat 

destruction downstream of the former obstruction (e.g., sediment transport and 

deposition in habitats located below a decommissioned dam; see Bednarek (2001) for a 

review). Offsetting activities will be inefficient if providing access to habitats beyond a 

former obstruction is counterbalanced by habitat loss or alteration at a broader spatial 

scale. The impacts on fish habitats are influenced by the type of obstacle, selected 

offsetting activity, and specific environmental conditions. The potential impacts of 

barriers or offsetting activities are therefore site or region specific and the likelihood of 

success is frequently unknown. To determine the overall effectiveness of barrier 

removal, a long-term evaluation of the potential impacts on fish habitats located above 

and below the former or partial obstruction should be conducted concordantly with the 

evaluation of passage efficiency and re-colonization (production of young-of-the year 

and juvenile fish) in the areas beyond the removed barrier. 

Overall, the assessment of the effectiveness of restoring migration habitat should 

include the evaluation of passage efficiency (fine spatial and broad temporal scales) 

and fisheries productivity (population level) in the upstream reaches (broad spatial and 

temporal scales). Fisheries productivity should be compared to productivity values 

observed in downstream habitats and to regional benchmarks (broad spatial and 

temporal scales). A long-term evaluation of the potential impacts of offsetting activities 

should be conducted and the functionality of the habitats should be conducted 

concordantly with the evaluation of passage efficiency (fine spatial scale and broad 

temporal scale) and potential for re-colonization (broad spatial and temporal scales) in 

the areas beyond the restoration. This approach is elaborated in the sections below.  

 

6.1 SUCCESS CRITERIA 

 

Establish the success criteria of increasing habitat connectivity: 
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 Confirm at the site of the former obstruction that fish passage has been restored 

for all life stages or if not possible, for all pertinent life stages of the targeted 

species, at all biologically important time periods (i.e., under different flow 

conditions), and in upstream, downstream, or both directions as required. 

 Acquire information to demonstrate that the newly accessible habitats have been 

re-colonized (production of young-of-the-year and juvenile fish). 

 Acquire evidence that newly accessible habitats (spawning, nursery, rearing or 

food supply habitats) are connected and functioning as intended.  

 If an offsetting activity induces habitat alterations (e.g., hydroelectric 

development or dam decommissioning), obtain fisheries productivity evidence 

that habitat alterations do not counterbalance the positive effects of restoring 

connectivity between habitats.  

 

6.2 TARGETS 

 

Science-based targets should be established at different spatial and temporal scales: 

 The evaluation of the functionality of the offsetting activity should aim at 

successful passage for all life stages or if not possible, for all pertinent life stages 

of the targeted species, at all biologically important time periods (i.e., under 

different flow conditions), and in both directions (fine-spatial scale, broad-

temporal scale, below-above the former obstruction). 

 Following offsetting of the migration habitat, a decline in fish density should be 

anticipated below the obstruction as fish redistribute into the newly available 

habitat. In the long-term, the evaluation of the effectiveness of restoring migration 

habitat should aim at obtaining a similar fisheries productivity below and above 

the former obstruction and comparable to regional benchmarks. The re-

colonization rate is species-specific and delays of up to 20-30 years can occur 

(Pess et al. 2008). Therefore, monitoring the effectiveness of restoring migration 

habitat at the population level should be conducted at broad spatial and temporal 

scales. 

 

6.3 LIKELIHOOD OF SUCCESS 

 

 The likelihood of success is considered to be high when total removal of the 

obstruction is achieved (Roni et al. 2008) and no habitat alteration occurs 

downstream of the offsetting activity. The likelihood of success for partial 

restoration of migration habitat (e.g., fishways) will depend on the type of 
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structures used, the hydraulic conditions prevailing in the structure, the swimming 

capacity of different life-stages, the presence of other stressors (e.g., habitat 

alterations below or above the partial obstruction), and the connectivity and 

functionality of the newly accessible habitats (see Bunt et al. 2012 for passage 

efficiency).  

 

6.4 METRICS AND INDICATORS FOR MONITORING EFFECTIVENESS 

 

The effectiveness of restoring migration habitat depends on the type of offsetting 

activity used and the environmental conditions. Offsetting projects can be classified 

into categories and the effectiveness can be determined based on a subset of study 

cases from each category. The metrics that should be considered are:  

 Functionality of the offsetting activity (fine spatial scale, broad temporal scale):  

o Passage efficiency.  

 Passage of all life stages or if not possible, for all pertinent life 

stages of the targeted species, at all biologically important time 

periods (i.e., under different flow conditions), and in upstream, 

downstream, or both directions as required. Determining the 

presence or absence of fish beyond a former obstruction only 

provides information at the individual level and should be avoided. 

Passage efficiency of 100% of individuals should be targeted, but 

further research is needed to determine minimum passage 

efficiency for ensuring viable populations and genetic diversity (see 

Cooke and Hinch 2013 for a review). 

 Effectiveness of the offsetting activity (broad spatial and temporal scale): 

o Fish dispersal above the former obstruction and the production of young-

of-the-year.  

 Young-of-the-year production, fish abundance, and biomass as 

described in other sections. Species richness, species diversity, 

and community composition remain important metrics to quantify 

the success of restoring migration corridors.  

o Quality, availability, and functionality of the newly accessible habitats 

(spawning, nursery, rearing, and food supply habitats).  

 Select appropriate thresholds for physical, chemical, and biological 

measurements described in other sections. 
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o Potential impacts on essential habitats (e.g., effects on flow and 

temperature regimes, sediment transport and deposition, nutrient and food 

supply, and dissolved oxygen concentrations). 

 

 Select appropriate thresholds for physical, chemical, and biological 

measurements described in other sections. 

 

6.5 MONITORING DESIGN 

 

 Functionality of the offsetting activity (passage efficiency):  

o Preferred methodology is the use of telemetry (acoustic, radio or Passive 

Integrated Transponder (PIT)-tags; see Cooke et al. 2013 for a review).  

o Direct count or mark and recapture experiments (see Seber 1986 for a 

review).  

 Effectiveness of the offsetting activity (see other sections for detailed 

information): 

o Comparison of fisheries productivity metrics before and after the offsetting 

activity occurred, up- and downstream of the former obstruction and 

regional comparisons. 

o Comparison of habitat availability, quality, and functionality below and 

above the former obstruction and regional comparisons. 

o Modelling the use of physical habitat measurements to infer survival of 

juvenile fishes (e.g., determination of percent of fines in the substrate to 

predict percent of embryo emergence). 

 

6.6 ESTABLISH APPROPRIATE DURATIONS (TIMESCALE) FOR MONITORING 

 

The scientific explanation for the recommended monitoring duration can be found in 

Section 2.6 above. Effectiveness monitoring of migration habitat requires establishing 

the passage efficiency, the potential habitat loss (e.g. downstream effects on dam 

removal), and colonization of the newly accessible habitats. Monitoring of passage 

efficiency should include all biologically important seasons and flow conditions.  

 

Therefore we recommend: 
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 Three year prior to restoring connectivity to quantify species abundance above 

and below the barrier.  

 Three years sampling immediately post-change; 

 An additional 3 years of sampling at a later time  (e.g., four to six years post or 

some later time); and, 

 A revisit ten years after project impact to capture longer-term changes to the site 

and to verify its ongoing functionality and sustainability. If recolonization did not 

occur, assess the functionality and connectivity between migration, spawning, 

nursery and rearing habitats as well as food supply and repeat monitoring every 

5 years. 

7 ALTERNATIVE MONITORING DESIGNS 

 

In many of the preceding sections the use of the properly implemented BACI-related 

design is identified as optimal for estimating the benefits of offsetting activities designed 

to increase fisheries productivity. This design is especially useful for measures that 

increase the productivity of existing habitats (e.g., changes in flow, structure, shoreline 

alterations) where there is a need to estimate the productivity of the site prior to the 

offset to effectively estimate the incremental benefit of the activity. For most biological 

variables multiple years of pre-offset sampling are required to reasonably estimate the 

baseline condition (Pearson et al. 2005; Lewis et al. 2013).  

The requirement for three or more years of baseline data for the BACI design may be 

problematic in some settings but there are situations where effective monitoring designs 

are possible without extensive baseline data. 

For projects where there is little or no fisheries productivity at the offset site prior to the 

implementation of the offsetting plan, a spatial or reference design is appropriate to 

compare the fisheries productivity of the offsetting activity to other sites or to benchmark 

values. For example, an offset designed to restore connectivity in a salmon stream 

would only need presence-absence sampling to confirm the presence of a migration 

barrier. Consequently, in some cases the need for extensive pre-offset baseline 

sampling is reduced. 

For projects where it is deemed necessary to estimate impacts as part of the 

environmental assessment process, more complex monitoring programs may be used 

to both estimate the project’s impacts, and the gains resulting from offsetting activities. It 

may be possible to gain efficiencies if some of the project baseline sampling can serve 

as either a control or reference data for estimating gains from offsetting. The nature of 

the monitoring program design will be contingent on the details of the project and the 

offsetting plan. 
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8 SITE SELECTION AND STANDARDIZATION 

 

Initially site selection should be random to avoid bias of subjectively selecting sites due 

to ease of access or other factors. Random sites should be chosen from a complete set 

of potential sites that both cover the full area of interest and take into account the 

particular type of sampling or gear type to be used (e.g., for electrofishing an 

appropriate type of site would be a set stretch of river or shoreline). If the pool of 

potential sites is relatively uniform, simple random sampling is appropriate. However, if 

there is substantial habitat heterogeneity then a stratified random sampling approach is 

appropriate. Stratified random sampling involves splitting the area into relatively uniform 

strata based on known or anticipated physical, chemical or biological differences (e.g., 

river valley segments, lake basins with differing morphometries or major inflows) and 

then randomly selecting sites from within each defined strata.  

 

Once the monitoring sites are initially selected, there is a choice to repeatedly measure 

fixed sites, or to randomly select sites each subsequent visit. The fixed station approach 

has some advantages including establishing and maintaining access and reducing inter-

site variance, but the continued random approach would eventually allow one to sample 

more of the system of interest. The choice of random versus fixed repeat sampling may 

depend on the monitoring objectives. If the goal of the monitoring is to compare relative 

abundance or biomass, then fixed sites have been shown to provide unbiased 

estimates (King et al. 1981; Tuckey and Fabrizio 2013), in opposite, diversity metrics 

are best represented by ongoing random site monitoring (Tuckey and Fabrizio 2013). In 

addition, using standard, repeatable methods during the monitoring is critical, as well as 

considering factors such as seasonality, flow, temperature, etc. to ensure comparability 

of results, particularly for relative index metrics such as CPUE or its related measure, 

Biomass-Per-Unit-Effort (BPUE). Detailed information on method standardization is 

available (Murphy and Willis 1996; Bonar et al. 2009).   

9 PROPONENT REPORTING 

 

According to the Fisheries Productivity Investment Policy: A Proponents Guide to 

Offsetting (DFO 2013b), proponents are responsible for implementing offsetting plans 

and monitoring their effectiveness, as well as for reporting on implementation and the 

results of monitoring. Monitoring must be designed to confirm that the offsetting 

activities have been effective in counterbalancing the serious harm to fish and may 

identify the need for contingency measures should deficiencies be found. Monitoring 

and reporting conditions should be described in the offsetting plan as they will be 

included as conditions of the Fisheries Act authorization.  
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Requirements of the content to be included in an offsetting plan are specified in 

Schedule 1 (13 a-h) of the Applications for Authorization under Paragraph 35(2)(b) of 

the Fisheries Act Regulations, SOR/2013-191, in “An Applicant’s Guide to Submitting an 

Application for Authorization” (DFO 2013c) and in the Fisheries Productivity Investment 

Policy (DFO 2013b). From the recommendations included in this report, the offsetting 

plan needs to clearly document the components of the effectiveness monitoring plan 

including:  

 The goals of monitoring including success criteria for compliance (meeting the 

conditions of the authorization for the quantity and nature of the offsetting 

measures) and effectiveness (quantitative targets in metric common to baseline 

data and measurement of offset habitat).  

 Monitoring design including the baseline and reference sites, metric(s) for 

success, target for success, sampling intensity, sample size, and 

schedule/duration of the monitoring program.  

 A literature-based justification for duration of time for the offset to become fully 

functional. This will inform expectations of effectiveness related to the when the 

quantitative biological target is expected to be met. Benchmarks for measuring 

progress towards target should be included.   

A standardized reporting schedule and format on the effectiveness monitoring program 

needs to be established and followed. A summary section included up front with key 

points to be included in a database would facilitate electronic data capture and allow 

quick comparisons among projects with details to be included in the body of the report 

(with page numbers referenced in summary section). Establishing a standardized 

reporting format would increase the probability that monitoring data would be used to 

improve habitat offsets at the site (via adaptive management) or other sites, improving 

future decision-making. In addition, a component of a successful monitoring plan could 

be to develop and implement a GIS-based ‘Geospatial Decision Support Tool’ as a 

framework to aid effectiveness monitoring (Bakelaar et al. in press).  

A monitoring report should be submitted within each year of monitoring prior to 

commencement of the next field season to allow for adjustment if required. A monitoring 

report summary should be included at the beginning of each report (a template should 

be provided by DFO Fisheries Protection Program) and include the following key points 

of information. For all points listed below a clear reference should be given as to where 

in the report (i.e., the page number) details can be found.  

 Area and type of habitat(s) lost, including date of loss (geospatially referenced).  

 Area and type of habitat offset(s) including date of completion and date of 

measurement (geospatially referenced). Photographs could be included.  
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 Calculated (realized) offset ratio and comparison to the proposed ratio 

established in the offsetting plan.  

 Comment on stability and any structural/habitat changes noted since impact 

(briefly in summary with details referenced in the report). If offset habitat is 

demonstrating signs of failure, this should trigger discussions relating to 

implementation of contingency measures (previously outlined as a condition of 

Fisheries Act authorization) to repair or alter the offset activity for long-term 

stability.  

 Quantitative target for establishing effectiveness (habitat-appropriate biological 

metric taken from the offsetting plan. This will be the same in each monitoring 

report). 

 Measured effectiveness (mean and error of target biological metric) and date 

(range) of monitoring. Detailed field methods, sampling intensity and duration to 

be provided in the monitoring report.  

 Comment on the effectiveness of the offset habitat (i.e., how does the biological 

metric relate to quantitative target, dependent on the age of the offset and 

benchmark targets established in the offsetting plan). If targets have not been 

met, this should trigger discussions related to collection of additional target or 

mechanistic data in subsequent field season(s).  

 Supplementary mechanistic data (mean and error in summary section) if 

collected during prior field season to establish why offset may have failed and 

provide information for (new) contingency measures to be negotiated to improve 

effectiveness.  

 Note of next field season (date) with reference to detailed timeline (schedule) for 

ongoing monitoring and reporting in body of report (detailed timeline and 

sampling design taken from the offsetting plan and will be the same in each 

report unless changes are required to improve monitoring program).  

 Note of next field season metrics (physical, chemical, biological, and additional 

mechanistic if necessary) to be collected. Details of field methods, sampling 

intensity and duration to be included in the monitoring report if different from 

previous field season.  

 If the monitoring report is documenting the final scheduled year of monitoring, a 

comment should be included regarding the need (or not) of additional monitoring 

depending on the expectation of the ongoing effectiveness, stability, and 

functionality of the offset habitat.  

10 CONCLUSIONS 

 

A comprehensive, well executed, and properly reported effectiveness monitoring 

program would have qualities similar to a well-designed experimental research program, 
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and therefore the potential knowledge to be gained is substantive. Conducting scientific 

research on the scale of large developments is typically resource prohibitive. Similarly, 

conducting a poorly designed, executed, and reported monitoring program is essentially 

a waste of resources since the results lead nowhere. The 19 steps included in this 

report came from a peer reviewed, formal science advisory process with the details 

fleshed out by scientists and were adjusted to the new Fisheries Act. Should the advice 

included in this report be formally adopted (i.e., become part of policy), including 

committing the resources for digital entry of the results of effectiveness monitoring 

programs, it would be possible for DFO Science to conduct a formal review (meta-

analysis) of projects on a cyclical basis (circa every five years). Similarly, if geospatially 

referenced data were captured and incorporated into a centralized geodatabase the 

eventual accumulation of data may permit assessment of impacts and changes at 

broader scale such as watershed, and eventually, ecosystem (Bakelaar et al. in press).  

Such analyses could lead to the long-term improvement of offsetting plans and 

monitoring design for the ultimate benefit of fisheries productivity and sustainable 

aquatic ecosystems in Canada.  
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12 APPENDIX A 

 

Recommended 19 Step Framework for Standardized Effectiveness Monitoring: 

 Description of the impacted habitat: 

1. Characterization of baseline habitat condition (including physical, chemical, and 

biological components).  Site description should include similar metrics to what is 

listed below in monitoring program description.   

* Collection of baseline data may involve use of surrogates in instances of rapid 

proposed development (time and information availability). 

2. Define temporal and spatial scale of potential impact, standardized, a priori (of 

proposed impact).  Based on number of ecological functions (spawning, nursery, 

rearing, food supply, and migration areas) potentially impacted. An assessment 

of the limiting factors at the landscape/watershed/ecosystem-level should be 

conducted at this stage.  

3. Define ecological type/unit and function (including an assessment of the 

sensitivity of the particular habitat to the proposed alteration). 

Habitat Impact Decision: 

4.    Quantify the current habitat condition, both at site being impacted and an 

appropriate control (i.e., collection of baseline data, including geospatially 

referenced data). 

5.   Determine the extent to which impacts (direct and indirect) to fish habitat extend 

beyond the local site. 

6.    Define the ecosystem functions, which are important at the scale of impact. 

7.    Assess if the project will likely affect the structure and function of the ecosystem.  

8.      Define confidence in the predicted impact (uncertainty in both predicted impact 

and management decision). 

9.   Determine if the offsetting objective will be (i) habitat replacement or (ii) other 

appropriate offsetting for habitat lost.  

10.   Establish offsetting goals and success criteria (management role). 
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Implement effectiveness monitoring plan or program: 

11.   Establish goals of monitoring: 

a) At site-scale (is it performing as intended, have quantitative targets been 

achieved or are results trending in the right direction). 

b) By monitoring type/category.  

12.   Establish science-based, quantitative targets to evaluate achievement of 

offsetting goals.  For example, as based on regional benchmarks for ongoing 

productivity or based on pre-impact data collected at the site of impact and/or a 

reference site. 

13.   Determine likelihood of success of offsetting (based on documented success): 

- Where uncertainty of offsetting success is high, use a higher frequency/intensity 

of monitoring; i.e., more offsetting. 

- Where uncertainty of offsetting success is low, use a lower frequency/intensity 

of monitoring. 

14.   Define metrics for monitoring (direct and indirect, linked to scale). Metrics should 

be the same in the characterization of the baseline habitat (see step #1 above).  

15.   Monitoring design decision (reference site, control, sampling intensity, sample 

size, etc.). 

16.  Determine appropriate duration for monitoring (both pre- and post-offsetting 

activity). 

17.   Proponent reporting (in a standardized format, which can be incorporated into a 

common, shared database).  

Post-effectiveness monitoring: 

18. Review monitoring data to determine if monitoring timeframe was adequate 

and/or if the timeframe should be extended. 

19.   Periodic scientific meta-analysis conducted by DFO Science.  Analyze and report 

at the national Fisheries Protection Program level. 

 


