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NOTICE 
 
The contents of this report do not necessarily represent the policies of the supporting agencies.  Although 
every reasonable effort has been made to ensure the integrity of the report, the supporting agencies do 
not make any warranty or representation, expressed or implied, with respect to the accuracy or 
completeness of the information contained herein.  Mention of trade names or commercial products does 
not constitute endorsement or recommendation of those products.   
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THE SUSTAINABLE TECHNOLOGIES EVALUATION PROGRAM 
 
The Sustainable Technologies Evaluation Program (STEP) is a multi-agency program, led by the Toronto 
and Region Conservation Authority (TRCA).  The program was developed to provide the data and 
analytical tools necessary to support broader implementation of sustainable technologies and practices 
within a Canadian context.  The main program objectives are to:   
 

• monitor and evaluate clean water, air and energy technologies; 
• assess barriers and opportunities to implementing technologies; 
• develop tools, guidelines and policies, and 
• promote broader use of effective technologies through research, education and advocacy. 

 
Technologies evaluated under STEP are not limited to physical structures; they may also include 
preventative measures, alternative urban site designs, and other innovative practices that help create 
more sustainable and liveable communities. 
 
For more information about STEP, please contact: 
 
Glenn MacMillan 
Senior Manager, Water and Energy  
Toronto and Region Conservation Authority 
Tel:  416-661-6600 Ext. 5212 
Fax: 416-661-6898 
Email:  Glenn_MacMillan@trca.on.ca 
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EXECUTIVE SUMMARY 
  

The Toronto and Region Conservation Authority (TRCA) has initiated a ‘Natural’ Channel Design 
Monitoring Program in response to an identified deficiency in rigorous or quantitative post-construction 
monitoring of ‘natural’ channel designs, despite their widespread use in Ontario.  The goal of the program 
is to catalogue, monitor and evaluate ‘natural’ channel designs in the TRCA jurisdiction, and eventually 
throughout the Greater Toronto Area.  A rigorous review of the existing scientific and applied literature 
was undertaken, along with preliminary site assessments of 29 constructed ‘natural’ channel designs.  
This report provides the results of this review and assessment.  A separate report entitled ‘Evaluating the 
Effectiveness of Natural Channel Design Projects: A Protocol for Monitoring New Projects’ synthesizes 
the various existing methods for monitoring into a coherent standardized protocol.  It is intended that this 
monitoring protocol will be applied to all new watercourse realignment projects involving ‘natural’ channel 
design principles in the TRCA jurisdiction and serve as an example for other jurisdictions. 

‘Natural’ channel design effectiveness monitoring allows for evaluation of project success through 
meeting or exceeding pre-determined project goals, which has not been done effectively to date.  
Monitoring data provides information for potential adaptations if project goals are not achieved, and 
provides a mechanism to identify and explain processes of success and failure that can be used to 
improve upon future designs.  It also allows proponents to document and demonstrate compliance 
throughout the regulatory permitting process.  Effectiveness monitoring includes assessment of fluvial 
geomorphology, physical habitat, aquatic biota, riparian conditions, engineering elements, hydrology, 
water quality, and social and cultural indicators.   
 
This document provides: 
 
→ An overview of ‘natural’ channel design as a restoration practice; 
→ A concise summary of the existing scientific and applied literature concerning ‘natural’ channel design 

monitoring, and 
→ A qualitative review and evaluation of the types and state of designs that have been permitted and 

implemented within the TRCA jurisdiction. 
 

Based on this information, the second report in this series provides a methodology tool box and 
framework for tailoring monitoring and assessment plans to individual ‘natural’ channel designs.  The 
approach presented is consistent with guiding documents for the ‘natural’ channel design process in 
Ontario, such as Adaptive Management of Stream Corridors in Ontario (MNR and WSC 2002).  It is 
envisioned that through standard application of this protocol, ‘natural’ channel design success will 
continue to improve, techniques and the state of the science will be enhanced, and proponents will have 
a consistent set of tools by which project performance and regulatory compliance can be efficiently 
assessed. 
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1.0 INTRODUCTION  
 
1.1 Identification of Project Goals and Objectives 
 
NCD is a practice used in stream realignment and restoration projects that attempts to reconstruct 
channels to emulate the self-sustaining geomorphic and ecological functions of natural watercourses.  
The practice has become common in Ontario and elsewhere during the past ten to fifteen years, and is 
now applied frequently in watercourse realignment and/or restoration projects.  Despite the common 
usage however, NCD principles continue to be subject to the interpretation of individual practitioners, 
resulting in channels that are designed and constructed according to widely varying objectives and 
methods.  In addition, selective application of NCD principles has resulted in hybrid designs that have yet 
to be evaluated in terms of overall performance and effectiveness.  In general, there has been little or no 
comprehensive monitoring performed to evaluate the success and performance of channel realignment 
projects that have employed NCD principles.  As a result, it has been difficult to evaluate the success of 
varying design techniques, and to validate or improve the practice of NCD as a whole. 
 
Monitoring and evaluating the effectiveness of NCD’s is part of an adaptive management process. The 
adaptive management framework integrates experience into the overall process to improve the potential 
for reaching project goals (Figure 1.1). However, monitoring to determine the success of a project and 
effectiveness of stream restoration techniques is rarely undertaken. Therefore, the adaptive management 
loop is often incomplete and insufficient information is returned to practitioners. The intent of the NCD 
Monitoring Program is to close this loop through standardized implementation of monitoring protocols, to 
generate an information source from which existing designs can be evaluated. Evaluating NCD’s using 
monitoring data furthers the science of watercourse restoration by allowing practitioners to understand the 
effectiveness of the designs, and modify techniques where effectiveness is sub-optimal or restoration 
goals were not met. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1:  The adaptive management loop (from Gaboury and Wong 1999). 
 
Following guiding documents for the NCD process in Ontario, such as the MNR’s Adaptive Management 
of Stream Corridors in Ontario document (MNR and WSC 2002), the adaptive management approach is 
designed to ensure that an iterative feedback loop is employed throughout the duration of a project. This 
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approach allows for subsequent reconsideration of decisions made at previous stages as better and more 
detailed information becomes available. 
 
There are five key steps to implementing an adaptive management approach to monitoring NCD’s, which 
are summarized in Table 1.1. 
 
Table 1.1:  Steps to an adaptive management approach (adapted from MNR and WSC 2002). 

Step 1 
Define the project goals in simple terms, as a framework for determining what the 
monitoring performance criteria should be. 

Step 2 
Based upon the project goals, determine what the specific monitoring 
requirements are, and what the spatial extent of the monitoring should be. 

Step 3 
Choose appropriate monitoring methods to assess project goals, and determine 
what the performance thresholds will be for the parameters being assessed. 

Step 4 

Conduct the monitoring program, and evaluate the data against the pre-defined 
performance thresholds. Determine if the results are acceptable, or if further 
refinements need to be made to delineation of performance thresholds or overall 
monitoring design. It is important to determine whether unacceptable results are a 
product of design malfunction or inappropriate performance criteria. 

Step 5 
Modify and redefine the monitoring program as necessary, and continue 
monitoring the project until there is satisfaction that the project is performing at an 
acceptable level. 

 
During the initial period following project construction, standard methods are required to characterize and 
evaluate the performance of an NCD, relative to project goals and expectations for the design.  But, there 
is a fundamental underlying expectation that over the long-term NCD’s will replicate natural form and 
function.  Therefore, NCD monitoring is finite; once a designed channel has become established and 
natural processes are being maintained, post-construction monitoring methods become less relevant. 
Instead, efforts can be focused on using watershed-scale indicators to monitor the on-going function of 
the channel as an integrated part of the natural system. 
 

1.2 Rational and Objectives 
 
Although NCD practices have been utilized for over a decade throughout North America, southern 
Ontario and the GTA, there has been limited comprehensive monitoring of the installed designs. As such, 
there has been limited assessment of the numerous design approaches, or detailed quantitative post-
construction monitoring and subsequent evaluation of the success and performance of these works 
(Kondolf and Micheli 1995; Ness and Joy 2002).  Without baseline data, or a standardized method for 
monitoring and evaluating NCD’s, it is difficult to measure success, evaluate design methods or improve 
the state of the science.  The literature and regulatory agencies have called for an initiation of 
comprehensive monitoring programs, but there has not been an appreciable response to date. 
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The TRCA has responded to this deficiency by initiating a program to catalogue, monitor and evaluate the 
NCD’s in its jurisdiction, and eventually the GTA.  A key component of the program is to develop a 
standardized NCD monitoring protocol to apply to all new watercourse realignment projects involving 
NCD principles in the TRCA jurisdiction.  This report provides that protocol, with consideration for future 
integration with the ongoing TRCA Regional Monitoring Network (RMN).  From a review of previously 
installed NCD’s in the TRCA jurisdiction, it is evident that design criteria and methodologies varied, but 
there were also common goals and design themes underlying each project (e.g. increase channel stability 
and improve aquatic habitat).  To address the issue of variability in project objectives and design, a 
standardized protocol outlining minimum monitoring requirements was developed to be used as a toolbox 
for application on a project-specific basis. 
 
In southern Ontario, most stream channel restoration works involve a review under the federal Fisheries 
Act, and a subsequent authorization from the Department of Fisheries and Oceans (DFO) detailing 
required compensation measures and monitoring activities.  Methods for monitoring are not typically 
specified in detail in authorization documents, resulting in application of varying monitoring methods that 
may or may not meet the standards of the various regulatory review agencies or that may not be 
adequate to support the adaptive management process.  By implementing a standardized NCD 
monitoring tool-kit, compliance with regulatory monitoring requirements can be made more predictable 
and efficient for both the proponent and the regulatory review agencies. 
 
The four key goals of the monitoring program are to: 
 

1. Provide a standardized tool kit for NCD monitoring in the TRCA jurisdiction, incorporating 
geomorphic, ecological, engineering, water quality and social considerations. 

2. Provide a tool kit for assessing the effectiveness of current NCD projects and techniques. 
3. Provide a standardized information base from which to learn about the effectiveness of installed 

designs and evaluate the state of the science. 
4. Complete the adaptive management loop. 

 
There have been several studies that have evaluated the performance of habitat enhancement projects 
(Shields et al. 1995; Gortz 1998; Shields et al. 2001; Opperman and Merenlender 2004), but there have 
been few evaluations of NCD projects.  A review of monitoring and evaluation activities was undertaken 
to determine which parameters are commonly measured and what techniques have been employed.  In 
general, it was found that some studies provided valuable information as to what measures were effective 
and how the overall NCD improved biological, chemical and physical components of the stream corridors.  
However few studies provided details of sample replication, statistical design or quantitatively tested 
results. 
 
Most monitoring protocols for streams have been designed for natural channels and do not consider 
newly constructed channels.  Many do not account for construction impact to vegetation and time needed 
to re-establish riparian vegetation. Most do not specifically gauge success of bioengineering elements 
and/or identify mechanisms for NCD failure.  Existing stream assessment protocols may not be 
completely appropriate for monitoring newly constructed NCD’s, as quality of terrestrial habitat, riparian 
cover, and channel stability are influenced by the initial immature development of vegetation and soil 
horizons, lack of hydraulic sorting/compaction and limited colonization of aquatic organisms.  It should be 
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noted that monitoring and evaluating the effectiveness of NCD’s requires not only characterization of the 
system but also an evaluation of initial performance.  Therefore modification to conventional monitoring 
protocols for natural streams was required. 
 
In development of this protocol, a thorough literature review was conducted to determine the current state 
of knowledge regarding monitoring of NCDs and other restoration projects, and practice regarding 
monitoring methods and techniques. A review of the TRCA RMN protocols and the Ontario Stream 
Assessment Protocol was also included to assess the applicability of these methods for evaluating NCDs, 
to ensure that existing protocols were utilized in an efficient manner where applicable. Furthermore, by 
using existing protocols where possible, data sets may be available for incorporation into long-term 
evaluation of trends over time. 
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2.0 LITERATURE REVIEW 
 
2.1 Conceptual Framework 
 
The literature review was conducted to document the current state of NCD monitoring science, and 
determine which indicators are meaningful, affordable and repeatable for monitoring and evaluating NCD 
projects.  An effective method is one that provides the most quantitative information while balancing time 
and financial constraints.  It is important that indicators be sensitive enough to show change, be 
measurable and detectable, and have statistical validity (FISRWG 2001).  The number of indicators 
included in a monitoring plan is dependent on the scale and objectives of the NCD project, as well as time 
and cost constraints of the monitoring program. 
 
From the literature review, it is apparent that limited detailed or quantitative post-construction monitoring 
and subsequent evaluation of the success and performance of NCD projects occurs (Kondolf and Micheli 
1995; Ness and Joy 2002).  Without a standardized method for monitoring and evaluating NCD’s, it is 
difficult to measure success, evaluate design methods or improve the state of the science.   Most of the 
literature agrees that monitoring is important, but the methods and techniques described are largely 
conceptual in nature.  It has been suggested by Wissmar and Beschta (1998) that an effective restoration 
project, and specifically NCD projects, require: i) clear restoration objectives; ii) pre-construction baseline 
data; iii) project design that recognizes natural processes and functions (geomorphic and ecological); iv) 
long-term monitoring; and v) willingness to learn from successes and failures.  A series of objective 
defining questions were proposed: 
 

What physical and biological factors presently limit riparian populations and communities? 
 
What geomorphic and hydrological regimes have been historically modified and presently limit 
the connectivity of riparian and aquatic ecosystems? 
 
What native riparian species have been extirpated or displaced? 
 
What exotic plant species have invaded the riparian system? 
 
What geomorphic and hydrological regimes provide the most favourable future physical habitat 
and biological conditions? 

 

What are the target species or desired future riparian communities? 
 
What are the expected recovery times and successional patterns for the riparian communities? 

 
Gillilan et al. (2005) found that misuse of the term restoration, failure to create guiding images, and lack of 
commitment to monitoring, were factors limiting effective ecological restoration.  To remedy the misuse of 
terminology, it was recommended that the specific project be placed in a project type continuum (Figure 
2.1).  By doing so, practitioners can become aware of restoration projects and how they differ from 
enhancement or erosion control or containment.  The guiding image is a vision of the future state of the 
watercourse and stream corridor, and should consider the condition of key natural system variables 
(hydrology, chemistry, geomorphology, physical habitat and biology).  Once the guiding image, goals and 
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objectives are defined then evaluation criteria can be developed to measure the success of the 
restoration.   
 

 
 
Figure 2.1:   Geomorphic restoration project type continuum (from Gillilan et al. 2005). 

 
2.1.1 Review of Monitoring Protocols Used by TRCA  
 
Components of the Toronto and Region Conservation Authority (TRCA) Regional Monitoring Network 
(RMN – TRCA 2001) protocols and the Ontario Stream Assessment Protocol (OSAP – Stanfield 2005) 
were reviewed to assess their applicability for evaluating NCD projects.  In general, the RMN and OSAP 
protocols are simple, systematic, and science-based with reproducible methods for assessing natural 
channels.  However, the geomorphic components of the protocols outlined in the RMN and OSAP are not 
always the most appropriate procedures for assessing NCD’s in easily accessible urban areas.  The RMN 
and OSAP protocols were developed for alluvial channels where remoteness, forest cover, limited 
equipment or staff sophistication and limited budgets may be controlling factors. 
 
Components of the RMN include aquatic habitat and species, fluvial geomorphology, terrestrial natural 
heritage, flow and precipitation, and surface water quality.  The objective of the RMN is to provide 
indicators to measure environmental change at the broad watershed and subwatershed levels to be 
analyzed and used to guide environmental management decisions.  The RMN is specifically designed to 
assess environmental indicators at broad levels to assess cumulative impacts (positive and negative) 
over time and is not intended for monitoring small-scale projects (TRCA 2001).  Objectives for NCD are 
usually focused on features and functions specific to aquatic systems, therefore some components of the 
RMN were not applicable to monitoring NCD’s, and not included as part of this literature review. 
 
Although it is difficult to quantify NCD success, themes for measuring success can be defined.   In all 
cases, some measures of dynamic stability and habitat value can be made.   One potential measure of 
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channel stability is pass-through of sediment.  Assuming the channel is in equilibrium, sediment entering 
into the modified reach should equal sediment exiting out.  This is a fundamental concept with regard to 
equilibrium channels.  Although cross-sections, long-profiles, erosion pins and other geomorphic 
measures outlined in the RMN protocols provide an appreciation of channel sediment dynamics, they do 
not allow for quantification of total sediment deposition.  In the end, an appreciation of sediment transport 
may be all that is required. 
 
A geomorphologic monitoring program for NCD projects should quantify systematic adjustments and 
characterize the factors that impact future channel stability.  These factors include channel geometry, 
composition of surficial and sub-pavement sediments, type and strength of bank materials, bank and 
floodplain vegetation and any prescribed detailed design elements.  The RMN protocol fulfills most of 
these requirements. 
 
Habitat assessment and biotic community sampling procedures outlined in the RMN are derived from the 
OSAP.  These methods follow standard procedures for assessing habitats and collecting and analyzing 
benthic invertebrate and fish assemblages.  Methods outlined in these protocols are adequate to 
characterize habitat of natural channels and evaluate the performance of NCD’s in terms of habitat and 
community benefits.  NCD project goals and objectives need to be reviewed to determine the degree of 
biological studies required.  For projects that require authorization under the federal Fisheries Act, 
Department of Fisheries and Oceans (DFO) monitoring requirements often determine the spatial extent, 
sampling frequency and sampling locations for biological monitoring. 
 
Additional OSAP methodologies are available for identifying sites, evaluating physical habitat and 
documenting water temperature in wadeable streams (Stanfield 2005).  The methods presented are 
repeatable, scientifically defensible, and can be used for monitoring or impact assessment studies, 
dependent upon which modules are selected.  The methodologies are categorized into three levels: 
screening surveys, assessment surveys and diagnostic surveys.  The level of survey required is 
dependent upon the variables being measured and the level of detail required to evaluate project 
objectives. Quantitative and qualitative methods are provided for the assessment of channel structure, 
physical habitat, substrate quality, habitat homogeneity and stream width. 
 
Watershed characteristics upstream from a project area generally have a greater influence on water 
quality than local NCD projects.  Moreover, the dynamic characteristics of water quality parameters (e.g. 
diurnal fluctuations in stream temperature, dissolved oxygen, etc.) make it difficult to accurately evaluate 
the site-specific influences.  Nevertheless, some evaluations of NCD’s have shown a positive influence on 
water quality parameters (Harrington 1999).  Basic water quality monitoring can be undertaken to assess 
in part, the NCD project and overall subwatershed characteristics as part of regional monitoring efforts.  
Water quality parameters outlined in the RMN can be used to characterize conditions at NCD sites where 
an objective of the design was to improve water quality, or the scale of the project is large enough to 
reasonably expect an improvement to water quality.  These parameters are easily sampled and do not 
require extensive field or laboratory analyses compared with the more rigorous analyses for organic and 
metal compounds. 
 
In summary, a number of components of the RMN and OSAP protocols were of direct value for use in 
development of a standardized NCD monitoring program. Fluvial geomorphological methods were 
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adapted from the RMN, with modifications in areas of rapid assessments and sub-reach habitat mapping. 
Water chemistry and public opinion surveys methods were taken directly from the RMN. The OSAP was 
used for monitoring aquatic habitat, fish communities and benthic macroinvertebrates. Details of the 
monitoring methods are provided in a separate report in this series entitled “Evaluating the Effectiveness 
of Natrual Design Projects:  A Protocol for Monitoring New Projects”. 
 

2.2 General Monitoring Considerations 
 
Several authors argue the need for integrated stream assessment protocols to understand, monitor and 
predict stream ecosystem behaviour and response (e.g. Clar et al. 2004).  A review of the literature 
suggests that there are several established protocols for monitoring biological and chemical components, 
but there is no comprehensive protocol for monitoring all aspects of NCD’s.  Several authors advocate 
that NCD monitoring should include an assessment of fluvial geomorphology, engineering, hydrology, 
aquatic and terrestrial biology, water quality, and social and economic indicators (Kondolf and Micheli 
1995; Downs and Kondolf 2002).  This list is inclusive, but should be rationalized with the scale, goals, 
and targeted value of the NCD.  Also, field measures need to target variables that are potentially modified 
by the NCD and eliminate regional or watershed scale variables that are independent from or unrelated to 
the NCD and project goals and objectives. 
 
Most existing stream monitoring protocols have been designed for natural channels and are not well 
suited to assess the form and function of newly constructed channels.  These diagnostic protocols 
typically do not have allowances for short-term construction impacts and delays in re-establishment of 
system function.  Quality of aquatic habitat, riparian cover, and channel stability evolves over time after 
installation of a NCD, as new soil horizons develop, hydraulic sorting and compaction occurs and aquatic 
organisms re-colonize the area.  Moreover, monitoring protocols for natural streams are not designed to 
evaluate constructed bioengineering and other channel design elements. 

 
2.2.1 Timing of Monitoring 
 
A review of stream restoration monitoring programs found that most did not exceeded two years of follow-
up (Downs 2000; Downs and Kondolf 2002).  However, it is generally agreed that monitoring should take 
place for at least five years and include monitoring after large flow events at or above the bankfull stage 
(Kondolf 1998; Slate et al. 2004).  Kondolf and Micheli (1995) suggest ten years as the minimum period 
for evaluating project performance to assess the influence of major flood events and the long-term 
sustainability of the project; although this may not always be financially feasible.  Concerns have also 
been documented regarding a lack of monitoring immediately following construction when vegetation has 
not yet become established (Slate et al. 2004).  This is an essential monitoring period given that typical 
summer storm events in southern Ontario and resultant major channel adjustments are likely to occur 
shortly after NCD construction.  It is recommended that monitoring be conducted before project 
construction, immediately after construction, and periodically afterwards for 5-10 years (Kondolf 1998).  
Monitoring does not need to be continuous during the 5-10 year period but should evaluate channel 
adjustments immediately after construction and after large flood events (Kondolf 1998). 
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The FISRWG (2001) suggests that minimum monitoring frequencies are dependent on the time since 
project construction.  A single, annual monitoring effort is considered sufficient for established restoration 
projects, but intensive quantitative data should be collected during the first three years after construction.  
After this period, the objectives, scope and monitoring duration may change to reflect maintenance 
needs, rather than to monitor success criteria.  Initially, a 3-year monitoring period is suitable for 
identifying design corrections to address any problems that may have arisen during construction. 
However, the overall monitoring timeframe must account for the life-span of the project. 

 
2.2.2 Baseline Data 
 
Baseline data are typically collected at the project site or from a reference reach that is considered to be 
reflective of pre-disturbance conditions, to establish targets for measuring the success of NCD projects 
(Downs 2000).  Unfortunately, reference reaches are commonly influenced by upstream land uses and 
other watershed-scale impacts and generally do not often reflect pre-disturbance conditions (Kondolf 
1998).  To account for this, Downes et al. (2002) recommend sampling from both Impact and Control 
locations during both the Before and After periods (BACI design).  The control site should be in close 
proximity to the study area and be influenced by similar land use, riparian vegetation, channel network 
and historical conditions but not project construction.  The impact site is considered to be the location of 
the NCD project.  Using this approach the effect of natural and anthropogenic activities on the measured 
variables can be determined.    It is argued that this method allows for multiple or replicate control and 
impact sites to be used to deduce natural variability, variation among samples and the spatial extent of 
change or improvement from NCD projects (Downes et al. 2002). 
 
Saldi-Caromile et al. (2004) recommend the following to be included in baseline and construction data 
collection: 
 

• Establishment of permanent benchmarks 
• As-built surveys to document design configuration relative to permanent benchmarks 
• Summary of site hydrology 
• Documentation of aerial photography, summary of erosion history and other geomorphic data 

pertinent to project design 
• Documentation of pre-project site and reach data pertaining to fish and wildlife use, riparian 

corridor, floodplain function and overall habitat condition 

2.2.3 Spatial Extent of the Study 
 
The spatial extent of the study site can be determined with the use of reach delineation.  It is suggested 
that delineation of a reach consider planform, gradient, hydrology, local surficial geology, physiography, 
and vegetative/land cover control (Montgomery and Buffington 1997; Richards et al. 1997).  Ideally, the 
monitoring reach should encompass the NCD project, and include a non-impacted section of stream 
close to the project area. However, in some cases, the monitoring will have to incorporate control areas 
outside of the study site. 
 
The reach delineation approach fits well with the BACI monitoring design described above (Downes et al. 
2002).  The goal of the BACI design is to limit variability between the control and impact sites so that the 
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variables influencing the impact site can be identified.  The control and impact sites are placed within the 
defined reach.  Monitoring should be implemented at non-random sites targeting important or 
characteristic cross-sections, bioengineering design elements and habitat features of both the NCD and 
control sites. 

 
2.2.4 Sample Size 
 
Large numbers of samples increases sampling and processing time and associated costs.  Therefore, 
increasing confidence in statistical analysis while reducing time and costs needs to be balanced.  
Davis et al. (2001) recommend that a minimum of 5 replicates be sampled when statistical analyses are 
to be performed. 

 
2.3 Monitoring Methodologies 
 
To monitor and evaluate the effectiveness of NCD projects, measurements of geomorphic characteristics 
are emphasized in the literature since channel and floodplain geomorphology provides for aquatic and 
riparian structures and functions (Kondolf and Micheli 1995; Downs and Kondolf 2002).   Scholz and 
Booth (2001) suggest an emphasis on physical measurements because: I) physical effects such as high 
flows produce the most severe impacts to watercourses; II) monitoring techniques for biological studies 
are well established; and III) physical measurements are relatively simple and inexpensive compared to 
chemical and biological assessments.  Chemical and biological monitoring protocols are well established 
(e.g. Plafkin et al. 1989, Kerans and Karr 1994) but less so for geomorphic assessments.  This is due in 
part to the complexity of channel conditions and the wide array of channel assessments and monitoring 
techniques available (Montgomery and MacDonald 2002). 
 
There are several stream monitoring protocols in existence that offer various methods for monitoring 
many attributes in natural streams.  Many of these attributes are useful for monitoring NCD’s, and have 
applicability for the southern Ontario context. 
 
It has been suggested that geomorphic components of NCD monitoring should include a compliance 
audit, related to the design intentions, a performance audit of the short-term functioning of the system and 
a geomorphic evaluation of long-term processes (Downs 2000).  Figure 2.2 outlines a framework for 
monitoring NCD’s with a long-term goal of geomorphic evaluation.  The compliance audit involves review 
of background information and drawings related to NCD design and construction to assess the installed 
NCD compared to the designed NCD.  It is recommended that design alterations made during 
construction as part of field-fitting be noted, as they may not appear in the design drawings which could 
lead to an interpretation of poor installation.  The performance audit evaluates the NCD after construction 
to determine NCD functioning over a period of time.  Audits should include quantitative and qualitative 
monitoring assessments to compare to previous monitoring or pre-construction baseline data.   Downs 
(2000) supports the use of long-term geomorphic evaluations to gather information on the long-term 
sustainability of the design.  This involves examining geomorphology-hydrology relationships (as opposed 
to geomorphology-hydraulic relationships) by using principles of sediment transport continuity set against 
the long-term flow record.  Although not currently available as a tool to monitor NCD’s, sediment transport 
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and flow depths can be predicted using empirical equations, provided these equations are calibrated to 
predict channel forms in NCD’s. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2.2:  A framework for monitoring NCD (from Downs 2000). 
 
The Ministry of Natural Resources and the Watershed Science Center of Ontario have jointed produced a 
document entitled Adaptive Management of Stream Corridors in Ontario (2002), containing a section on 
Monitoring, Evaluation, and Long-term Adaptive Management. In it, the adaptive management process is 
summarized as is relates to monitoring of streams and restoration projects. 
 
A nine-step approach is put forward by the MNR and WSC, outlining the process from goal setting to re-
evaluation of monitoring design (Figure 2.3). The approach is designed to facilitate effective monitoring, 
and provide a means by which the science and practice of stream management can be advanced.  
Essentially, stream restoration projects are to be considered as well-structured experiments, by which 
practitioners can learn more about common problems and hypothesize above future design 
improvements. In viewing stream restoration in this way, allowances are given for learning, improving, 
and ultimately better managing the stream resource. 
 
The first step in the adaptive management approach is to define the goals of the monitoring program. In 
doing so, project goals and objectives are made clear, and the scope of monitoring interest is identified.  
Following that, specific monitoring questions are developed. These questions are intended to address the 
goals and objectives identified in step one, and aid in determining the spatial extent of monitoring 
required.  The third step is to design the monitoring program and select appropriate methods to evaluate 
project performance.  At this point, performance thresholds are determined, against which the monitoring 
data will be compared.  The performance thresholds are related to the project-specific goals and 
objectives, and are part of an iterative review process themselves. Once monitoring methods are 
selected, the evaluation is carried out and the results are interpreted using the performance thresholds 
identified. A decision is made on whether or not the results are acceptable, and further refinements to the 
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performance thresholds or overall monitoring design can be made as necessary.  Lastly, the 
modifications to the monitoring program are implemented, and the process repeats itself again. 
 
 

 
Figure 2.3:  Nine-step adaptive management process (from MNR and WSC 2002). 
 
The most important component of the monitoring process occurs when the results are evaluated and 
relative success of the project is determined. This information provides guidance on maintenance 
requirements, and informs the practitioner as to how the project functioned relative to the original plan. 
This component closes the loop in the adaptive management process and provides valuable information 
to move forward on the understanding of the science and practice of stream corridor management and 
restoration. Stream restoration projects are inherently experimental, in that it is acknowledged that they 
will likely require maintenance or modification at a later date, as the system moves towards dynamic 
equilibrium. Monitoring is the only means by which such adaptive projects can be implemented with 
confidence and accountability. 
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2.3.1 Geomorphic Assessments 
 
2.3.1.1. Site Characterization 
Reach sketch maps provide important site characterization information if repeat visits are to be made.  
Prominent features such as roads, trees and large boulders are included for future observers to locate the 
site, survey pins and benchmarks (Harrelson et al. 1994).  An approximate scale, legend and coordinates 
should be included as well as cross-section and sampling locations (Stanfield 2005).  A well-drawn sketch 
map can provide valuable information on the general characteristics of a site and can assist in evaluating 
change over time (Harrelson et al. 1994).  Most importantly, the reach sketch map provides information 
on both geomorphic and habitat components in a way that highlights the functional integration of these 
features. 
 
Geomorphologists and ecologists assess physical aquatic habitat using methods that have resulted in a 
research intersection between bottom-up and top-down approaches (Newson and Newson 2000).  Simply 
stated, geomorphic studies generally evaluate channel form and stream hydraulics in an attempt to 
predict physical habitat (e.g. Statzner et al. 1988), whereas ecologists study physical characteristics to 
support functional habitat definitions (e.g. Kemp et al. 1999).  
 
The bottom-up approach used by geomorphologists assumes that form dictates function and that habitat 
and organism diversity is a product of morphological variability.  Statzner et al. (1988) coined the term 
hydraulic stream ecology to describe the interrelationships between stream velocity, depth and substrate 
in order to predict benthic invertebrate and fish assemblages. Ecologists typically view physical habitat 
from a top-down perspective where assessments of biota and qualitative measures of habitat are related 
to simple physical characteristics.  Terms such as functional habitats have been used to define habitat 
types but are generally not related to hydraulic or geomorphic conditions (Kemp et al. 1999). They 
examined functional habitats with depth and velocity measurements and found that each habitat was 
generally associated with distinct depth-velocity conditions.  However, there was no consideration of 
channel forming flows and their influence on habitat conditions. 
 
Sub-reach habitat mapping has been advocated for assessing the quality of aquatic habitat.  Formalized 
approaches such as mapping hydraulic units (Thomson et al. 2001) and biotopes (Newson and Newson 
2000) can be incorporated into sub-reach maps. Hydraulic units are defined as patches of uniform flow 
and substrate, and biotopes are the equivalent of geomorphic units (i.e. pools, riffles, runs) at the sub-
reach scale. Including such integrative measures of morphology and habitat provides adequate 
description of channel stability and physical habitat.  Also, sufficient information is collected to allow 
monitoring over time.  Sub-reach habitat mapping that includes hydraulic units, substrate and biotopes 
provides a comprehensive interpretation of channel form and function. 
 
2.3.1.2. Surveying 
Given that NCD’s are in a period of adjustment immediately after construction, surveying is required to 
document channel form and as-built conditions.  Typically, channel geometry is measured with 
monumented cross-sections and longitudinal profiles.  An experienced field crew, reliable survey 
equipment and surveys tied to benchmarks are necessary for repeatable and consistent data.  Harrelson 
et al. (1994) provide excellent descriptions of applied techniques applicable to monitoring NCD’s.  High 
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resolution techniques may also be used, such as high-density topographic surveys for defining and 
monitoring natural stream channels (Lane and Chandler, 2003).  Less established vegetation, convenient 
access and available survey benchmarks in urban settings provide an opportunity to utilize more 
sophisticated and detailed methods.  These methods typically result in improved accuracy and precision 
of the data. 
 
Kondolf and Micheli (1995) advocate the use of monumented cross sections to evaluate channel form, 
and allow for sample replication.  Monumented cross sections can also incorporate measures of aquatic 
habitat and riparian vegetation (Kondolf and Micheli 1995) although additional cross sections may be 
necessary to appropriately evaluate these indicators.  10-15 cross-sections are recommended, located 
two to five channel widths apart (e.g. Sear and Newson 2004).  Replicates of similar morphological units 
(e.g. riffle, pool, run, transition, glide) should be used to represent the morphology of the study reach 
(Kondolf and Micheli 1995).  A minimum of twenty sample points are recommended for each cross-
section, including the deepest point of the channel, bottom of bank, top of bank and bankfull stage 
(Annable 1999). 
 
Bankfull width and depth measurements are primary variables for relating channel size to watershed 
parameters such as area, flood frequency or level of development (Harrelson et al. 1994).  The bankfull 
width is a measure of the width of the stream at the point where it tops its banks and spills onto the 
floodplain.  In urban environments, streams are often disconnected from the floodplain or entrenched.  In 
these situations breaks in slope, change in bank vegetation or bank erosion can indicate where the high 
flow mark. 
 
Longitudinal profile surveys provides accurate information on pool depth, riffle gradient and overall 
channel gradient and can document the type and rates of change occurring.  Surveying equipment is 
used to measure bankfull elevations, maximum pool depths, riffle elevations, and any obstructions to flow.  
The length of survey is recommended to be 10-20 times the bankfull width of the stream (Annable 1999). 
 
2.3.1.3. Photographs from Fixed Vantage Points 
Photographs from fixed vantage points are an ideal method to qualitatively document and monitor 
channel adjustments, bank erosion, success of riparian vegetation and the effectiveness of in-stream 
structures and erosion-control measure (Doll et al., 2003).  Ideally, photographs should be taken from the 
same vantage at the same time of year to provide the most accurate comparison.  It is also important to 
document bioengineering and restoration plantings at an appropriate season.  Harrelson et al. (1994) 
provides a methodology for tying site photographs into a benchmarked survey. 
 
2.3.1.4. Erosion Assessment 
Erosion pins can be installed along meander bends as well as along straight sections of channel to 
provide comparison of change over time and erosion rates (Harrelson et al. 1994).  Generally, a 1-m 
length of rebar is driven horizontally into the bank leaving approximately 10 cm exposed (Harrelson et al. 
1994). Use of erosion pins provides accurate point measurements, while surveys provide less detail but 
an overall view of the design. 
 
Scour chains and depth of disturbance rods can be used to measure scour in coarse and fine sediment 
environments, respectively (Harrelson et al. 1994).  A chain is attached to a pin at a buried depth where 
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scour is not anticipated.  The length of chain found on return field visits indicates the depth of sour over 
the time period (Harrelson et al. 1994).  The wiffle ball technique is a modification of the scour chain 
method.  Multiple scour events can be monitored without having to replace monitoring devices.  
Numerous wiffle balls are attached to a rod at equal increments and the rod is installed into the 
streambed.  During scour events, material is removed and wiffle balls float to the water surface allowing 
determination of scour depth.  Both scour chains and wiffle balls are used in scientific studies where 
short-term or storm-event data are collected.  They are not suitable techniques for long-term monitoring. 
 
2.3.1.5. Bed Material Size Distribution 
Surficial sediments can be sampled using pebble counts to characterize bed conditions and particle size 
distributions (Wolman 1954).  Pebble counts can be used to estimate grain roughness, predict bed 
mobilization thresholds, assess framework size of spawning gravels, and track changes in surficial 
sediment.  The OSAP prescribes pebble counts at equal intervals based on channel dimensions whereas 
the RMN protocol prescribes counts at equal distanced cross-sections within geomorphic units (pools, 
rifles, runs) to ensure measurement of multiple habitat types.  Another pebble count technique is the 
zigzag method that mixes sample points from a number of habitats. This technique has not been found to 
provide an adequate sample size or a repeatable procedure (Kondolf 2000).  A thorough review of 
numerous methods for sampling particle size distributions in gravel and cobble-bed streams are 
summarized in Bunte and Abt (2001). 
 
Visual estimates of grain size have been well documented in numerous studies of physical habitat (e.g. 
Plafkin et al. 1989).  They are simple and cost-effective but do not allow for quantifiable or repeatable 
measures.  No literature was found to indicate that such subjective measurements could be reproducible 
between observers (Kondolf and Piegay 2003). 
 
Kondolf and Piegay (2003) suggest that combining facies maps with pebble counts provides an overall 
context of sedimentary units with specific grain size distribution data.  A facies map categorizes 
sedimentary deposits that have similar grain size and/or sedimentary structure that represents a distinct 
local depositional environment.  It provides an accurate description of current conditions, baseline data for 
measuring future change, and a basis for comparing sediment characteristics among channels, but less 
detail than pebble counts over a wide area (Kondolf and Piegay 2003).  It is useful for integrating 
measures of geomorphology and aquatic habitat. 
 
Bulk sampling for fine sediments is not necessary when examining gross features and facies. This 
technique is more appropriate for sediment transport modeling projects. 
 
2.3.1.6. Rapid Assessments 
Numerous rapid assessment methods exist to evaluate stream health and the form or function of 
physical, chemical or biological components.  All rapid assessment methods assume that an established 
riparian zone is a measure of stream stability.  The MOE (1999) Rapid Geomorphic Assessment (RGA) 
documents indicators of channel instability, and types of systematic adjustments occurring in the system 
(e.g. widening, planform adjustment).  This provides insight into stresses from alterations in sediment and 
flow regime).  The Galli (1996) Rapid Stream Assessment Technique (RSAT) ranks in-stream habitat, 
water quality, riparian conditions, and biological indicators.  Along with these assessments, rapid 
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measurements of bankfull channel dimensions, type of substrate, vegetative cover, channel disturbance, 
areas of erosion and other observations are included.  With NCDs, rapid assessment of stability is 
problematic with regard to newly planted riparian vegetation not functioning as an established community. 
 
The Adopt-A-Buffer Toolkit provided by the Delaware Riverkeeper Network (2003) is a potentially useful 
tool for performing rapid assessments of newly constructed projects. The methods outlined for the plant 
survey are suited to recently installed restoration plantings; however the implementation details may not 
be appropriate for the southern Ontario context, and may require calibration for local use. 
 

2.3.2 Bioengineering Elements 
 
Generally, bioengineering is used in NCD to increase bank stability, provide aquatic habitat and limit 
hazards associated with channel migration.  An evaluation of these elements for habitat provision can be 
done by comparing the distribution and quantity of in-stream habitat before construction with after-
construction data. The OSAP describes methodologies to quantify and classify in-stream habitat by 
quality and type (Stanfield 2005).  Changes in amount, distribution and quality of habitat can be 
determined spatially and temporally. 
 
Measurements of vegetation survival associated with bioengineered structures can be made using plots 
or direct counts (Doll et al. 2003).  Stem-counts and photographs can document existing vegetation and 
be compared with upstream reference conditions.  It is recommended that 10% of the bioengineering 
elements be surveyed, using sampling plots that are repeatable and tied into a benchmarked survey.  
Sampling should be conducted during the growing season and monitoring of vegetation survivorship at 
meander bends is critical (Doll et al. 2003).   
 
Wilson et al. (2002) describe a method for evaluating in-stream, off-channel and fish access restoration 
using a four-point ranking scale contrasting present conditions relative to project objectives.  Rating 
intervals are: 1 – failure to meet objectives; 2 – poorly meeting objectives; 3 – adequately meeting 
objectives; and 4 –beyond expectations of meeting objectives.  Rankings are made for both physical and 
biological components of in-stream and channel rehabilitation projects, similar to methods by Koning 
(1999).  Most ranking schemes have been developed for mountain environments, therefore using a semi-
qualitative assessment approach may be the best alternative until success criteria are developed for local 
conditions. 
 

2.3.3 Riparian Conditions 
 
Linkages between riparian and aquatic habitats are important characteristics of stream corridors, and are 
often considered as design elements of NCD’s in floodplain areas.  To assess the function and 
effectiveness of stream corridors several parameters need to be measured, including habitat type, width, 
length continuity and character of surrounding lands (Stephenson 1999). 
 
Winward (2000) describes sampling methods for monitoring riparian vegetation that measure vegetation 
cross-section, greenline composition and woody species regeneration.  A minimum of five cross-sections 
are randomly positioned perpendicular to the stream flow and the dominant vegetation types are 
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recorded.  The data are compiled to determine percent composition for each community type. The 
greenline is defined as the first perennial vegetation that forms at the water’s edge.  Winward (2000) 
argues that evaluating this vegetation composition can provide indication of the general health of the 
riparian area, as well as the current strength of the stream banks.  The dominant vegetative community 
type is recorded along the greenline, and woody species are recorded based on age class and height of 
the plant.  Riparian assessment procedures by Koning (1999) provide indicators for monitoring 
vegetation, including measurements of tree and shrub survival, growth in target trees, tree height, stem 
diameter at specific height, leader growth and bud size, canopy cover and evidence of disease, animal 
damage and windthrow.  A monitoring assessment of riparian conditions can also be used to determine 
what maintenance repairs are necessary for a NCD project. 
 
The Adopt-A-Buffer Toolkit provided by the Delaware Riverkeeper Network (2003) is a potentially useful 
tool for performing surveys of recently installed restoration plantings.  This method documents percentage 
of plantings that are alive/healthy, status of live stakes, damage to plants, and documents invasive plant 
species.  Implementation may require calibration for local use. 
 
Riparian conditions are also assessed as part of the OSAP point-transect sampling methodology.  
Dominant vegetation community types are recorded at each transect, and a bank grid is used to assess 
the extent of rooted vegetation within 1 m of the banks (Stanfield 2005).  These measures are used to 
evaluate riparian vegetation type and density. The OSAP also provides methods for evaluating stream 
temperature in the context of thermal suitability for varying fish communities. Pre- and post-construction 
monitoring of stream temperature upstream and downstream of the project site can be used as an 
indicator of riparian vegetation shading effects, and success of the NCD design in providing conditions 
suitable for target fish communities. 
 
Ecological Land Classification (ELC) is a vegetation community description tool to systematically 
categorize vegetation communities of southern Ontario (Lee et al. 1998).  It is a province-wide ecological 
classification scheme that describes and inventories plant communities at various scales.  The ELC would 
be useful for classifying the vegetation within riparian zones and developing plant lists for areas of 
interest.  The ELC has limited value for assessing riparian vegetation in newly planted restoration areas, 
as it is designed for classification of established vegetation communities that change over long periods of 
time.  ELC may be useful for documenting pre-construction conditions and reference reach conditions as 
part of developing restoration targets. 
 

2.3.4 Aquatic Conditions 
 
2.3.4.1. In-Stream Habitat 
There are several stream monitoring protocols in existence that assess aquatic habitat in varying ways. 
Of these protocols, the Ontario Stream Assessment Protocol (OSAP – Stanfield 2005) is the most 
relevant to the southern Ontario context, and is used as part of the TRCA Regional Monitoring Network.  
Therefore, measures of in-stream habitat from the OSAP are practical for incorporation into a NCD 
monitoring protocol. 
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The OSAP contains a series of standardized methodologies for identifying sampling sites, evaluating 
benthic macroinvertebrate communities, evaluating fish communities, measuring physical habitat in 
wadeable streams.  Multiple methods are presented for each section, varying in amount of effort required 
and interpretations that can be made of the data.  The sections pertaining to physical in-stream habitat 
focus on measurements of channel structure, channel processes, and habitat suitability for biota.  As 
many of these variables are typically measured during fluvial geomorphic studies, there may be 
significant overlap in data if the OSAP methods are adopted wholesale in a NCD monitoring protocol.  
Therefore, it may be more appropriate to include only portions of the OSAP methods for physical habitat, 
to integrate with geomorphological measurements. 
 
2.3.4.2. Water Quality 
Benthic invertebrates are a widely used bio-indicator of water quality and aquatic ecosystem health 
because sampling and identification is inexpensive and simple (Resh et al. 1995; Whiles et al. 2000).  
Benthic invertebrates are less mobile than fish and may be more responsive to watershed-scale 
influences than diatoms (Chessman et al. 1999).  The U.S. Environmental Protection Agency’s Rapid 
Bioassessment Protocol (RBP) (Plafkin et al. 1989) and the Benthic Index of Biotic Integrity (B-IBI) 
(Kerans and Karr 1994) are examples of bioassessment approaches that use biological measures of 
benthic invertebrate communities.  The most common usage of the RBP is below point sources, such as 
sewage treatment plants (Watzin and McIntosh 1999). 
 
The OSAP describes a method for measuring the composition of benthic macroinvertebrate communities 
that is consistent with the Ontario Benthos Biomonitoring Network (OBBN) protocol (Jones et al. 2004). 
Based upon the varying sensitivities of the organisms collected an evaluation of biotic health is 
determined and inferences of upstream water quality can be made. 
 
Chemical water quality monitoring can often be used in conjunction with biological monitoring.  Water 
chemistry is often conducted after biological studies to determine the causal factors influencing the 
structure and function of benthic invertebrate communities.  Laboratory analyses of water chemistry are 
expensive, and detailed assessments are often required to provide evidence of impact.  As example, 
heavy metals may be influencing benthic invertebrate community structure and function, but they cannot 
be identified without water chemistry analysis.  In situ water chemistry tests are often more practical 
compared with laboratory analyses and may include: water temperature, pH level; dissolved oxygen, 
conductivity, turbidity/opacity; suspended/floating matter; trash loading, odour, colour. 
 
Provincial Water Quality Objectives (PWQO’s) for Ontario are provided by the Ministry of Environment 
and Energy (MOEE) as a guideline for the protection of aquatic life and recreational uses (MOEE 1994). If 
chemical analyses are performed, the results can be compared with the PWQO numerical and narrative 
criteria, which are chemical and physical indicators of satisfactory conditions in surface waters (MOEE 
1994). 
 
2.3.4.3. Fish Community 
A common anticipated response to NCD projects is an increase in habitat usage by fish. Measures of 
habitat usage by fish can be obtained by conducting a fish inventory within the NCD project area.  The 
OSAP describes suitable methods for fish inventories employing electrofishing techniques to document 
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fish community composition and relative abundance.  Metrics such as Catch Per Unit Effort (CPUE) and 
species richness and diversity can be derived from the data to evaluate the NCD. 
 
A fish community Index of Biotic Integrity (IBI) was adapted for southern Ontario by Steedman (1988).  
The IBI integrates 10 fish community metrics that result in a score of stream habitat quality.  A change in 
score implies a change in the fish community and can indicate that a shift has occurred in fish habitat 
condition or characteristics.  The IBI can be used to compare fish community metrics over time as NCD 
sites become established. 
 
2.3.5 Social and Cultural Elements 
 
Natural environments are important in both rural and urban landscapes for human recreation and 
enjoyment.  Recreation may be as simple as visually stimulating experiences or more intensive such as 
swimming, canoeing, hiking, fishing and hunting (Harrington 1999).  Aesthetic benefit of a NCD and 
recreational use by humans can be evaluated to monitoring public perception of project success. 
 
The RMN describes a survey methodology implemented by volunteers to determine the overall aesthetics 
of watercourses with the TRCA jurisdiction.  Sites are ranked with categories for water colour, water 
clarity, water odour and the presence of visible debris and litter.  Data are converted to numerical index 
values and scored for the study area.  The results provide information about public opinion that can be 
used to refine the design and monitoring processes.  A more detailed survey of public viewpoints and 
expectations of a channel restoration project is described in Planck et al. (1999).  A questionnaire was 
designed to determine the level of understanding and viewpoints of local residents with regard to a 
channel restoration project.  Data were collected on demographics, education, and respondent use of the 
restored channel area.  The authors found that the responses varied but the information gathered was 
useful in evaluating the NCD project. 
 
2.4 Data Analysis and Evaluation of Project Success 
 
Palmer et al. (2005) suggest that the most effective restoration projects lie at the intersection of ecological, learning 
and stakeholder success (Figure 2.4).  Downs and Kondolf (2002) suggest that using an adaptive 
management approach allows for success to be defined in two ways.  First, project success can be 
realized if a project achieves its goals or if the project provides a learning experience and/or improves the 
science of NCD projects.  Also, NCD techniques can be improved upon and the relative costs and 
benefits of projects can be compared (Opperman and Merenlender 2004).     
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Figure 2.4:   Effective restoration using ecological, stakeholder and learning successes. 
 
Although Figure 2.4 provides a conceptual definition of success, criteria are required to evaluate 
restoration projects.  Measures of success should be derived from pre-defined project targets.  For 
existing projects where these targets are not available, general thresholds can be used (i.e. increase to 
overall channel length, increased variability in substrate, increased variability in channel morphology, 
etc.).  Palmer et al. (2005) list five criteria for measuring success and Jansson et al. (2005) supply a 6th 
criterion (Table 2.1).  From these criteria, a list of monitoring measures can be developed to assess the 
effectiveness of the restoration project at attaining the original goals.  
 
Table 2.1:  Criteria for evaluating NCDs (from Palmer et al. 2005; Jansson et al. 2005). 

Criteria Evaluation Guidelines Indicators 

Guiding Project 
Image 

Consideration of key system variables 
(hydrology, chemistry, geomorphology, 
physical habitat and biology). 

Project goals and objectives. 

Conceptual 
Model 

Details how the system works, how it is 
affected by environmental conditions, 
how it has been impaired, and how it 
may respond to restoration techniques. 

Change in the system or causes of 
impairment, and mechanisms 
responsible for the change. 

Ecosystem 
Improvement 

Selection of indicators of ecological 
integrity specific to local and watershed 
conditions, and identification of 
stressors. 

Channel stability, biotic integrity, 
biotic diversity, water quality, and 
aquatic/terrestrial habitat. 

Increased 
Resilience 

Documentation of maintenance 
requirements and capacity to recover 
from natural and anthropogenic 
disturbances. 

Amount of maintenance required 
after channel construction and 
comparison with range of reference 
conditions values. 

Impact 
Reduction 

Assessment of impacts from channel 
construction. 

Downstream deposition of fines, 
percent riparian vegetation 
damaged, degree of bank erosion, 
planting survival. 

Ecological 
Assessment 

Documentation of post-restoration 
monitoring with appropriate indicators. 

Pre- and post-construction 
monitoring assessments. 

 
Analyzing monitoring data is essential for evaluating a project’s success at achieving its goals and 
objectives, determining how key ecological indicators are responding, and providing information to 
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improve future designs (Gaboury and Wong 1999).  Kondolf and Micheli (1995) provide a conceptual 
process for evaluating a stream restoration project (Figure 2.5).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5:  Conceptual diagram of stream restoration evaluation (from Kondolf and Micheli 1995). 
 
2.5 Storage and Management of Data 
 
Storage and management of data is an important component in any monitoring process.  It provides an 
inventory of monitored projects and allows for comparisons to be made between projects quickly and 
efficiently.  If storage and management of data are overlooked, important information may be lost and 
project evaluation may be affected.  Hard copies should have duplicates that are stored in a separate 
location from the originals, and computer files should have backup copies (Harrelson et al. 1994).  
Photographs also require timely management and organization.  It is recommended that both hard and 
digital copies be kept for storage and retrieval purposes (Yetman 2001).  Results from the monitoring 
program must also be summarized in a concise fashion and presented to resource managers to provide 
evidence of project success, failures and future needs for NCD’s. 
 
2.6 Training 
 
NCD monitoring requires field personnel to be well trained in the procedures they are to follow (Gaboury 
and Wong 1999).  No outline of the skill base needed to monitor and evaluate NCD’s was found in the 
literature.  Although not implicitly stated in most protocols, a multi-disciplinary approach should be taken 
with teams representing the disciplines of geomorphology, biology and engineering.  Training in other 
monitoring protocols (e.g. OSAP) may help to implement the monitoring of NCD projects. 
 

2.7 Gaps in the Literature 
 
In general, although there are many protocols in the general literature that outline a conceptual framework 
for monitoring NCDs, there have been no comprehensive protocols developed specifically for the 
southern Ontario context where substantial channel alteration work has occurred.  Existing methodologies 
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focus on field measures and lack guidance in developing criteria or measures of performance, 
establishing reference reaches, collecting baseline information and analyzing monitoring data. 
 
The literature notes a need for NCD monitoring to move beyond simply assessing the low flow or bankfull 
channel design, to evaluating floodplain features and functions.  Stream corridors and connectivity 
between the floodplain and low flow channel are features and functions that should be assessed as part 
of NCD.   
 
Currently, there are limited baseline data for existing NCDs, and lack of associated criteria for evaluating 
success, which is likely a product of applying varying monitoring efforts and the complexity inherent in 
natural watercourses.  Excellent conceptual frameworks exist for monitoring designs, but there are limited 
applied science methodologies available.  The importance of cultural and social elements are also 
discussed in the conceptual literature, but few detailed methods are found. 
 
With regard to performance criteria and success thresholds, generic concepts are provided, but limited 
guidance is available on pre-defined restoration targets. Moreover, there is very limited work documenting 
failure and mechanisms of failure of NCD elements.  It is important to identify mechanisms of failure as 
part of a monitoring initiative, as numerous examples exist from which important data can be gleaned. 
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3.0 PRELIMINARY ASSESSMENT OF TRCA NCD PROJECTS 
 

3.1 Introduction and Purpose 
 
A preliminary assessment of 29 NCDs within the Toronto and Region Conservation Authority (TRCA) 
jurisdiction was conducted to document existing conditions, identify design themes, and qualitatively 
identify practical issues that needed to be considered in development of a standardized monitoring 
protocol.  The assessment included a review of available background information and design materials 
provided by the TRCA.  Site visits included rapid assessments, photographs, several quantitative 
measurements and visual assessments of geomorphology, aquatic habitat, water quality, bioengineering, 
restoration plantings, in-stream structures and aesthetic value.  The preliminary assessment provided 
insight on common design issues and assisted with refining and identifying key techniques used to 
monitor NCD’s.  Fulfilling the adaptive management approach, qualitative observations of thematic or 
common design deficiencies are described and generic prescriptions to improve design success are 
outlined. 
 

3.2 Methodology 
 
Initially, 23 NCD project sites within the TRCA jurisdiction were selected for a preliminary assessment in 
the fall of 2005.  The assessments were comprised of a desktop summary of existing pre-construction 
conditions (as available), a review of design materials (drawings, design briefs, EA documents, and other 
supporting materials as available) and a field component including rapid assessments of the sites to 
examine existing conditions.  In the RFP there were 32 sites identified for assessment, but due to the 
limited extent of some of the projects and the lack of background information this list was reduced to 23 
sites.  Several NCD sites contained multiple reaches with significantly different design characteristics and 
site conditions.  These sites were subdivided into separate reaches and treated as separate sites; this 
increased the number of assessment sites to 29.   

 
As part of the desktop assessment all available drawings and documentation were reviewed, and the 
following information was summarized, as available: 

 
• Project objectives 
• Design method 
• Scale of works 
• Design constraints 
• Construction / permit date 
• Bankfull design parameters 
• Planform design parameters 
• Instream structures and substrates 
• Bank treatments, bioengineering, habitat structures prescribed 

An excel spreadsheet was created to summarize the materials outlined above (Appendix B). 
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As part of the field assessment each site was visited by at minimum a two-person team.  During each site 
visit, the entire NCD was walked as well as portions of channel upstream and downstream of the NCD, 
where accessible.  Photographs documenting sites conditions were also collected. 
 
The preliminary assessment for each NCD project area included: 
 
• Sub-reach sketch map following methodologies outlined in the literature review and monitoring 

sections 
• Rapid Geomorphic Assessment (MOE, 1999) 
• Rapid Stream Assessment Technique (Galli, 1996) and a modified protocol which included separate 

evaluations of riffle form and function and bioengineering function 
• Visual assessment of reach characteristics 
• Approximate measurements of bankfull dimensions and wetted width and depth 
• Qualitative observations of geomorphic and aquatic habitat characteristics 
• Comments on channel hardening, disturbances or barriers 
• Photographic record of site conditions 
• Visual assessment of restoration plantings, in-stream structures and bioengineering elements 
• Visual assessment of aesthetics, maintenance, resilience, riffle success/failure   
• General comments with respect to observed conditions 
 
Assessments were completed on standardized field sheets to allow comparability between sites.  
Photographs were organized and labeled and field data were condensed into 2-page summary sheets for 
each NCD. 
 

3.3 Discussion and Results 
 
Observations from the preliminary assessment provide insight on the level or detail of designs, 
methodologies and techniques currently being applied, overall condition of existing NCD sites within the 
TRCA jurisdiction and an initial qualitative evaluation of ‘successful’ design elements and projects.  
Background information on pre-existing conditions as well as design related materials were reviewed 
where possible as part of the preliminary assessment.  Permitting dates for NCD’s ranged from less than 
one year to eight years with an average age of 3 years.  This means that most of the channels are likely 
still in adjustment.  The project scales varied from 27 m to over 1800 m in extent, although most were 
greater than 100 m.  Several projects covered multiple reaches.  The extent of corridor modification 
ranged from works limited to those necessary to install the low flow channel and limited re-vegetation to 
construction of 60 to 90 m wide floodplains (channel corridors) including substantial earthworks, corridor 
stabilization and restoration planting.  The range in project scales needs to be recognized as a difficulty in 
standardizing monitoring protocols.  Monitoring requirements need to reflect the level of alteration and 
potential impact of the NCD. 
 
With regard to documentation of designs, limited baseline information exists for the majority of NCD sites 
within the TRCA jurisdiction, as well as a lack of monitoring documents, which makes assessing overall 
‘success’ of individual NCD’s difficult.  Fewer than 20% of NCD projects within the TRCA jurisdiction 
included design briefs, pre-construction information or monitoring programs.  This apparent lack of 
documentation is likely both a product of the discontinuity in paper accounting from conceptual design to 
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detailed submissions, and less rigorous previous permitting requirements with regard to documenting pre-
design conditions, conceptual design objectives, and performance criteria. 
 
It is anticipated that this proportion has and will continue to increase in the future as NCD practices 
mature.  Design briefs in particular are important, as they are intuitively the document in which to 
incorporate per-construction conditions, conceptual design objectives, and performance criteria. 
 
A review of available design materials provided insight on what types of designs and restoration practices 
are being implemented and when they were constructed.  With regards to design approaches, many of 
the projects did not specifically outline a design methodology.  Through a review of the drawings in 
absence of a documented design approach, a large number appeared to use a simple modification of 
existing conditions or limited reference reach approaches (design geometry generally conforms to 
existing conditions with addition of ‘enhancements’ or ‘stabilization elements’).  A more limited proportion 
applied either a Rosgen-like approach or a more formal reference reach approach.  With regards to 
common design elements, more than 90% of projects included constructed riffles and restoration 
plantings, and almost 80% included bioengineering elements.  Only 40% of projects included habitat 
structures. 
 
Bank treatments tended to consist of brush layering, brush mattresses, fascines, crib walls, and 
vegetated rip rap.  Habitat structures were limited to features such as root wads and anchored logs, and 
occasional application of lunkers.  Floodplain wetlands, wet meadows and off-line ponds were also 
prescribed as habitat/corridor enhancement features. 
 
There was a general lack of post-construction monitoring documentation submitted to the TRCA.  This is 
likely, in part, due to the permitting process which usually only requires monitoring documentation to be 
submitted to DFO.  From those projects where monitoring documents were available, the documents 
usually examined geomorphic, habitat and planting success to some level.  Most summarized potential 
issues and discussed at least qualitatively successful elements of the design.  In all cases there was a 
lack of pre-defined success criteria. 
 
The timing of the preliminary assessment should be noted as this may greatly influence observations and 
measurements recorded.  NCD projects were visited after a very large storm event affecting the GTA 
(August 19, 2005).  Also, site reconnaissance occurred in the late fall.  During this period flows were 
variable due to seasonal storm events.  In most cases sites were visited during periods of relatively low 
flow.  In many instances, observations were collected outside of true low flow conditions, which are 
preferable for assessing fish passage.  Also erosion and depositional evidence is best observed before 
leaf out, which was another limitation.  It should also be noted that 13 of the NCD projects were visited 
three months earlier and documented with photographs and provide a comparison of flow conditions and 
riparian vegetation. 
 
A number of overall design elements were generally successful.  A qualitative comparison of design 
drawings with present site conditions shows that the majority of NCD’s have similar planform compared to 
the design.  Qualitatively, it was observed that most riparian plantings were establishing as prescribed.  
The majority of the crib walls observed were generally undamaged with established vegetation and 
functioning as per design.  It is assumed that brush mattressing was successful, where applied, as the 
outsides of most of the prescribed meander bends were well vegetated. 
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Overall project success was evaluated in a qualitative manner by examining the function of design 
elements.  The design elements were categorized into; constructed riffles, bioengineering elements, and 
habitat structures.  Riffle failure or success is described in more detail in the following paragraphs.  For 
riffles to be considered functional as an overall design element, greater than 50 percent of the individual 
riffles within the design needed to be functioning.  Similarly, for bioengineering to be considered 
successful, greater than 50 percent of the bioengineered structures needed to be stable (limited evidence 
of imminent failure).  Habitat structures were evaluated based upon their survival and function.  An 
example, a LUNKER being in place and providing the habitat envisioned, would be regarded as 
successful.  Whether fish were utilizing these features was not assessed.  Appendix D summarizes this 
qualitative assessment.  In general the channel designs were functioning as intended.  The only repeating 
issue was the occurrence of obstructions to fish migration. The majority of these obstructions were 
caused by vegetation encroachment or the construction of riffle structures at an elevation higher than the 
low flow channel.  An examination of failure of individual design follows.  
 
It should be noted that the failure of an individual bioengineering element or grade control structure in a 
substantive design should not be interpreted as failure of the design.  In many cases individual design 
elements may not have performed as anticipated within a given design.  Within each NCD a number of 
individual design elements were generally not functioning as intended.  The most commonly observed 
themes included, partial failure of riffle structures, low survival rates of live staking, extensive areas of 
exposed parent material and excessive bank erosion (greater than 50% of the channel length).  Given the 
lack of baseline data or reference reach data it is difficult to establish if this should simply be considered 
natural adjustment or systematic issues with these NCD’s. 
 
An almost ubiquitous design element was construction of riffle pool sequences, and therefore special 
attention was taken to qualitatively examine the condition of these features.  With regard to prescription 
and installation of bed control structures such as riffles, vortex weirs and other similar design elements, 
there appeared to be limited appreciation of the semi-alluvial nature of many of the channels within the 
GTA.  In many cases bed materials were either not prescribed in adequate quantities or installed in a way 
which limited their potential success, such as being installed directly on till or other similar materials to a 
limited depth and or without keying materials into the bed. 
 
Individual riffle ‘failures’ can be separated into those with compromised function and those with structural 
failure.  From comparison between designs and the failed features, in many cases these issues can be 
attributed to limited design detail, or appreciation of the existing conditions, and/or poor construction 
practices.  In several cases over-sized materials or poor gradation have resulted in substantial through 
flow of installed riffles, which given the lack of structural failure is treated as compromised function.  
These features likely do not provide good spawning grounds, oxygenation of flows or in the most extreme 
cases result in complete subsurface flow during low flow conditions causing barriers to fish passage.  
These features are often accompanied by encroachment of in-stream vegetation due to the lack of 
concentrated flow; these channels also tend to have issues with regard to water quality.  Installation of 
less sorted gradations and/or with a native fine component, along with thorough compaction would likely 
correct these issues.     
 
The most prevalent structural failure was outflanking.  This was particularly true of hard structural features 
such as rock vortex weirs.  There are two reasons for these failures.  First, limited lateral extent of 
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treatments did not account for potential channel migration.  Second, and likely more important, lack of 
integrated bed and bank treatments.  Given that in many cases bank materials are more susceptible to 
erosion than the prescribed bed materials, designs should at minimum include adequate bank treatment 
to temporarily stabilize banks until vegetation has established.  Outflanking in most cases was not 
contributing to complete failure of the design element. 
 
Winnowing of riffles leading to functional failure was also observed.  There was limited evidence of active 
headcutting of riffles, but given that in many designs the riffle materials were not keyed into the bed and 
were only in layers 2-3 grain diameters thick, headcutting would likely rapidly lead to total failure.  As 
such, it is possible that the process may have initiated the failure of elements that were ‘blown out’.  The 
extent and location of parent material may have not been included in design considerations because 
exposure of parent materials was fairly common, contributing to riffle failure and limiting pool 
development. 
 
In most cases restoration plantings were healthy. However, on several occasions live staking was 
observed to be functioning poorly. This in many cases was due to improper installation, timing of 
installation or lack of watering during critical stages. 
 
Overall, approximately 83% of the channels were in transition or adjustment and will continue to undergo 
minor adjustments.  The remainder were either heavily vegetated with wetland vegetation or were low 
gradient streams showing few signs of geomorphic adjustments. 
 

3.4 NCD Project Site Summaries 
 
A summary of each site is provided as part of the preliminary assessment of NCD sites.  Detailed site 
summaries are included in Appendix C for each of the NCD monitoring sites.  Also, functioning of design 
elements is provided in Appendix D. 
 

3.5 NCD Project Site Monitoring Plans 
 
Based upon a review of the preliminary monitoring data collected at the sample sites, a monitoring plan 
was developed for each of the NCD sites based upon the methods presented in this protocol.  The 
detailed monitoring plans for each site can be found in Appendix E. 
 

3.6 Costing/Utilization 
 
From review of existing identified NCD’s in this project, the scale of projects is highly variable.  Therefore, 
staff time required to fulfill monitoring requirements will also be highly variable.  With regards to costing, 
realistic costs will be dependent on hourly rates.  These will be dramatically different if the work is 
completed as internally or alternatively outsourced.  Therefore Table 3.1 provides opinions of probable 
staff requirements broken down on the basis of individual activities conducted during the 3 years for each 
monitoring component.  In several cases, activities require multiple staff; therefore probable staff numbers 
are also included.  The detailed estimate of utilization is based on conducting a full monitoring program at 
one NCD site over the recommended monitoring time period assuming a 100 to 300 m length of channel.   
This would include field, laboratory (where necessary) and desktop summary of data.  It does not include 
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meetings, or a master report preparation.  This format allows simple rationalization of costs once per diem 
rates are identified.  It is also noted that there is a significant level of rationalization available through 
completion of complementary components of monitoring.  The geomorphic, habitat and bioengineering 
components can be completed as one unit with a limited increase in the staff requirements outlined for 
the geomorphic component.  Fisheries surveys and water quality due to the specific field and laboratory 
components need to be treated as individual components.  The social and cultural elements assume site 
observations and compilation of mail out survey.  

Table 3.1:  Complete monitoring program staffing requirements for one NCD project over 3 years. 
 

MONITORING COMPONENT 
No. of Staff 
Required 

Total Person Days 

Fluvial Geomorphology 2 14* 

Aquatic Habitat 2 10* 

Fish Community 2 8 

Water Quality 2 14 

Riparian Conditions 1 8* 

Engineered / Bioengineering Elements 1 2.5* 

Social and Cultural Elements 1 4.5 

Total 61 

* can be combined with other components involving complimentary activities 
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