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Preface
This is Volume One in a Reference Series that describes how Credit Valley
Conservation reviewed, refined and implemented its watershed-wide long-term
ecological monitoring program called the Integrated Watershed Monitoring Program
(IWMP).
The References Series for IWMP includes the following volumes:
1) Volume One: Program Overview and Monitoring Plan provides a highlevel overview on IWMP’s history, study design, data management, analysis,
reporting, administration and implementation recommendations;
2) Volume Two: Data Standards and Information Management details data
collection, data processing and information management protocols for each of
the attributes, as well as over-arching protocols for all attributes such as how
to set up a new site and implement file management; and
3) Volume Three: Communication Plan identifies audiences we are targeting,
products we will or can produce and frequency of communication for each
type of product.

The information in this document is aimed at the following audience(s):
•
•
•
•

CVC - allows staff to understand how IWMP feeds into CVC’s Strategic Plan,
and provides a reference document to ensure IWMP adheres to established
goals and objectives;
Other conservation authorities – provides a road map when designing or
refining monitoring programs. Fosters collaboration through shared data
collection and analysis;
Municipalities – includes discussions on program goals, objectives and
reporting that may be useful in strategy development and management
decisions at the regional scale wherever possible; and
Provincial/Federal/NGO partners/academics – to understand the kind of data
IWMP collects that may be of use to them in advancing science, policy or
practice, or increasing their knowledge of the ecological health of the Credit
River watershed.
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Executive Summary
In 1999, Credit Valley Conservation (CVC) established a long-term ecological
monitoring program to evaluate the integrity of ecosystems in the Credit River
watershed, a program known as the Integrated Watershed Monitoring Program
(IWMP). IWMP provides information on the status and trends of selected biotic and
abiotic indicators in groundwater, stream, forest and wetland ecosystems.
Information on the monitored indicators is further related to two key drivers, climate
and land cover/land use, to elucidate observed patterns and identify emerging
issues that can threaten the integrity of watershed ecosystems. The data collected,
analyzed and reported on by IWMP are intended to be used by CVC and our
partners to guide and inform management activities and conservation action,
ultimately fulfilling CVC’s strategic plan vision of ‘a thriving environment that
protects, connects and sustains us’ (CVC 2014a).
This report establishes a general monitoring plan for IWMP. Similar to other
framework documents prepared by monitoring programs throughout North America,
the vision, goals, objectives and aspects of study design are documented here. This
monitoring plan reflects program refinements following a multi-year analysis and
program review completed in 2014. The refined monitoring plan was informed by
CVC’s Strategic Plan (CVC 2014a), professional knowledge of the watershed and
statistical considerations, with attention to resource constraints.
Chapter one describes the value of a long-term ecological monitoring program, and
details how a successful monitoring program is developed. Information is provided
about the history of IWMP and the review and refinement of the program in 2014.
This chapter discusses how IWMP, defined as a baseline monitoring program, can
be used to effect change both within CVC and externally with our partners. The
chapter ends by listing the mission statement, goals and objectives that will guide
IWMP into the future.
Chapter two describes the ecosystems monitored by IWMP, the forces (i.e. drivers)
that shape them and stressors that may impact their form and function.
Chapter three describes ecological integrity and how it is measured in IWMP. Key
terms relevant to IWMP are developed and defined. A discussion of the review and
selection process for ecosystem components in IWMP is provided. Conceptual
models are used to help visualize ecosystem components and interactions
throughout the chapter.
Chapter four describes concepts that must be considered in the design of a
monitoring program whether it’s refining an existing program or starting from scratch.
It then details the specifics of the final IWMP monitoring plan including number and
location of monitoring sites, frequency of sampling, and how to deal with missed
scheduled visits. In order to address the results of a power analysis, while still
remaining within budget, two key refinements were made to IWMP: 1) a transition
from annual sampling to an augmented serially alternating panel design where most
iv
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sites are visited once in two years, with a core subset of sites visited every year; and
2) identification of integrated stream sites at which all attributes are monitored, and
supporting stream sites at which a smaller subset of attributes are monitored to meet
power requirements.
Chapter five provides a brief overview of data collection methods for each system
and their associated attributes. This is meant to offer a basic understanding of the
general protocols used for sampling. Detailed protocols will be available in IWMP
Reference Series Volume Two: Data Standards and Information Management.
Volume Two will be invaluable to ensure the standardization of data collection. A
summary table of data collection frequency and timing is also provided in this
chapter.
Chapter six introduces the key components of data management and outlines the
goals and objectives of the IWMP data management system. A commitment to the
collection and maintenance of high quality monitoring data over the long-term is
necessary to ensure that proper management decisions can be made. Additional
details of the IWMP data management system are located in IWMP Reference
Series Volume Two: Data Standards and Information Management.
Chapter seven briefly describes how monitoring data are analyzed in IWMP. It
describes the four levels of data analysis 1) data summarization and exploration, 2)
status determination, 3) trend evaluation, and 4) integration and synthesis. It also
includes discussion on how to interpret the results to trigger a potential management
response. More detailed descriptions of how analyses are completed and how
results are interpreted are provided in IWMP Reference Series Volume Two.
Chapter eight briefly describes how IWMP results will be shared both internally and
externally. Communication of results from long-term monitoring programs is
necessary to update partners and stakeholders, identify emerging issues, inform
management decisions and policy development, initiate actions (as per adaptive
environmental management) and advance scientific knowledge. Therefore, sharing
data and results from IWMP with internal and external partners is a high priority for
the program. Detailed description of a communication strategy will be available in
IWMP Reference Series Volume Three: Communication Plan.
Chapter nine outlines the administrative aspects of managing IWMP including
staffing and budget. Discussion on staffing includes roles and responsibilities, as
well as the number of staff involved. This information can be used as an important
reference for those interested in establishing a long-term monitoring program,
focusing on necessary resources and allocations.
Chapter ten provides an overview of how IWMP has been implemented and
working towards institutionalization, focussing on relevance, reliability and
commitment. A few key components discussed in the chapter that have yet to be
implemented or are in the final steps of completion include:
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•

•
•

•

Document data collection, information management, analysis and
reporting protocols. This will be addressed in IWMP Reference Series
Volume Two: Data Standards and Information Management, and in IWMP
Reference Series Volume Three: Communication Plan;
Undertake periodic review of the measured indicators to ensure they are
reliable and relevant to IWMP, including the review of data gaps;
Develop a CVC-wide decision framework that clearly outlines who is
responsible for identification of emerging threats and concerns, identification
of thresholds that will trigger reporting and action, prioritization of issues,
identification of necessary management actions and implementation of
defined management actions; and
Work with complementary Cause & Effect Program to investigate causal
mechanisms underlying issues of concern, and to develop tools to assist in
watershed ecosystem management.

This document provides a high-level overview of the important aspects considered
during the refinement of IWMP. As it details how decisions were made and what the
strengths and limitations of the program may be, it should be referred to whenever
changes to the program are proposed, to ensure the program continues to adhere to
the established IWMP goals and objectives, as well as CVC’s Strategic Plan (CVC
2014).
In order to ensure that the study design and monitoring plan outlined in this report is
followed, IWMP relies on the commitment and support of participants in IWMP, and
the rest of CVC. This includes senior management, attribute leads and support staff,
Corporate Services (e.g. GIS, IT/IM, and Communications), and the Chief
Administrative Officer.
Overall, the purpose of the review and refinement was to ensure that IWMP
continues to collect scientifically defensible, credible and reliable data and to
improve the services that it provides to both internal and external clients. The
process has resulted in the creation of a stronger, scientifically rigorous program,
upon which management decisions can be made by both internal and external
partners, to enhance, maintain and protect natural heritage features and functions in
the Credit River watershed.
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1.0

INTRODUCTION

If we pollute the air, water and soil that keep us alive and well, and
destroy the biodiversity that allows natural systems to function, no
amount of money will save us.
David Suzuki (n.d.)

Credit Valley Conservation (CVC) initiated the Integrated Watershed Monitoring
Program (IWMP) in 1999 to help achieve the goal of protecting and improving
water quantity and quality, biological diversity and productivity in the Credit
River watershed. The program supports CVC’s vision to reach the desired end-state
of a thriving environment that protects, connects and sustains us. In addition to
climate, a suite of abiotic (non-living) and biotic (living) components are measured in
groundwater, stream, forest and wetland ecosystems, throughout the Credit River
watershed. By monitoring abiotic features as well as plant and animal communities,
the program allows for the evaluation of ecosystem integrity and changing
conditions, over the short to long term.
1.1

Scope of this report

In 2009, 10 years after data collection was initiated, the Integrated Watershed
Monitoring Program (IWMP) conducted a trend analysis and underwent a program
review. External discipline experts recommended improvements to methodologies
and overall program design (Appendix A, Table A1). These recommendations in
combination with budget revisions and reallocations resulted in the need for an
intensive program refinement. This volume is the first in a Reference Series that
documents the updated monitoring strategy and study design implemented by IWMP
in 2014, following its endorsement by CVC’s senior management team and CAO on
March 11, 2014.
It is important to note that this reference document is meant to provide only a highlevel overview of those aspects considered during the refinement of a scientifically
rigorous and sustainable long-term ecological monitoring program. More detailed
information on protocols and standards related to data collection, management and
analysis will be provided in IWMP Reference Series Volume Two: Data Standards
and Information Management. IWMP Reference Series Volume Two is a resource
that will facilitate consistent data collection internally to accurately report on status
and trends over time and provide information that can be used to train staff and
develop monitoring expertise. A third volume will also be produced, detailing a
complementary communication plan for IWMP based on consultation with internal
and external partners.

1

Integrated Watershed Monitoring Program Reference Series Volume 1: Program Overview and Monitoring Plan

1.2

Why do we need a long-term integrated monitoring program?

Southern Ontario has undergone dramatic land use and land cover changes since
the arrival of European Settlers. A landscape that was historically dominated by
forest cover experienced rapid removal of habitat with remaining natural areas
fragmented by agriculture, residential development and roads (Larson et al. 1999).
Within southern Ontario it is estimated that approximately 90% of forest area and
70% of wetland area have been lost (Larson et al. 1999; Natural Resources Canada
2009). This transition from a mostly natural landscape to a mosaic of land cover and
land use has serious implications for the integrity and functioning of terrestrial,
aquatic and groundwater systems.
The Credit River watershed is one of the most rapidly urbanizing regions in Ontario.
Approximately 1 million people call the watershed their home with predictions that
the population will rise to 1.4 million by 2020 (ESRI Business Analyst Canada 2013).
Increasing development pressure has generated concern regarding our impact on
natural communities throughout the watershed. Aquatic and terrestrial ecosystems in
the Credit River watershed face a variety of local, regional and global pressures,
including, but not limited to, sedimentation and erosion, habitat loss, habitat
fragmentation, introduced pests, pathogens and non-native species, atmospheric
pollution and climate change (Credit Valley Conservation 2006; Federal, Provincial
and Territorial Governments of Canada 2010; OMNR 2010). The relative impact of
many of these stressors, their cumulative effects and longer-term impacts on the
integrity of watershed communities is still unknown. The continued monitoring of
ecosystems will allow CVC to determine whether local conditions are deteriorating or
improving due to protection and restoration efforts. Because watershed ecosystems
and their components are inherently linked with one another, implementing an
integrated program that works towards understanding these relationships is crucial.
Monitoring information will also continue to assist CVC with conservation,
management strategies and land use planning, as trends over time can be used to
infer future conditions.
1.3

What is Ecological Monitoring?

Information about the environment is generally collected in one of two ways,
monitoring and/or inventory. Monitoring is the systematic and repetitive
measurement of ecosystem components that are used to track changes to
watershed integrity over time. Statistically significant changes to ecosystem
components over time are referred to as trends, and provide information on whether
conditions are improving, deteriorating or stable. Inventory is the process of
collecting information to characterize a site based on its biotic and abiotic attributes,
at a single point in time. Often, inventories use the same sampling protocols
implemented for monitoring, but are conducted at larger spatial scales to get more
thorough coverage of a particular region. In some cases, inventory programs are
designed simply to produce a comprehensive list of plant and animal species.
Although inventory information collected in a standardized way can be compared to
established thresholds to evaluate the condition of a natural feature, generally it
does not provide information on how conditions may be changing over time.
2
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Monitoring and inventory are complementary in nature, in that inventory data can be
used to prioritize what ecosystem components to monitor, or provide context in the
analysis and interpretation of monitoring results.
Generally, monitoring programs are believed to have two main functions: early
warning and early control (Vos et al. 2000). Information from monitoring programs
with an early warning function identify system changes, determine whether
intervention is necessary and identify (possible or likely) causes of these changes to
indicate the kind of remedial action needed. The objective is to prevent future
damage and implement management before it becomes too costly to fix or damage
is irreversible. Programs with an early control function determine whether remedial
action is successful or not, and evaluate the predicted and expected consequences
of specific measures or activities. The desired outcome of early control programs is
to measure the success of remedial actions, and provide recommendations on how
to improve programs that have undesirable impacts on ecosystem integrity.
1.3.1 Types of ecological monitoring programs
An ecological monitoring program increases understanding of the trends and
processes of a given ecosystem. Monitoring programs can be placed into one of four
categories (Noss and Cooperrider 1994, Beever 2006), each of which has distinct
goals and desired outcomes:
1. Baseline monitoring characterizes the status and trends of both ecosystem
components and stressors over the long-term.
• Works at varying spatial scales from small municipal parks to regional
or watershed level projects;
• Provides managers with information that can be used for long-term;
planning, because trends over time can be used to infer future
conditions;
• Early-warning function is also a central tenet and desired outcome; and
• IWMP is a baseline monitoring program
2. Implementation or compliance monitoring determines whether planned
actions are executed in the way they were outlined in the context of guidelines,
standards, policies or legislation.
• Determines if a planned activity was accomplished, e.g. a habitat
enhancement project aimed to increase populations of Atlantic salmon
would measure whether the desired habitat attributes were created
within specified timelines and design specifications;
• Generally initiated to ensure that a group does what it has promised or
has been legislated to do; and
• CVC is engaged in some compliance monitoring associated with the
Low Impact Development Program.
3. Effectiveness, performance and/or restoration monitoring evaluates the
success of the plan in meeting its stated environmental or ecological objectives
and endpoints (i.e. management objectives).
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•

Answers the question ‘did management practices work’ to improve
ecosystem conditions, e.g. effectiveness monitoring for the Atlantic
salmon project described above would determine whether the project
was effective at increasing salmon populations because of the
enhancement activities;
• Could also include evaluating how successful best management
practices are at maintaining or improving components of ecosystem
integrity, e.g. did low impact development tools reduce flooding in the
subdivision of interest?
• Restoration monitoring can be considered a type of effectiveness
monitoring that deals specifically with evaluating how successful
different restoration practices are at creating desired habitats or
communities;
• Early control function is at the foundation of this type of monitoring; and
• CVC’s Watershed Transformation Department is involved in restoration
monitoring, including stream, wetland and grassland restoration
4. Validation or targeted monitoring involves answering a very specific question
through analysis of existing data, increased monitoring, or a combination of the
two.
• Can also be considered cause and effect monitoring and is generally
short-term in nature;
• Designed to identify and resolve critical uncertainties or elucidate the
underlying causes of an observed condition or change in a system,
e.g. in the habitat enhancement scenario, if logs and large rocks were
added to create spawning habitat for Atlantic salmon, validation
monitoring would involve determining whether these specific elements
were a key factor in limiting salmon populations, whether there are
other factors at play that serve to exacerbate the problem and whether
the addition of these features would directly result in increased
populations of the fish species; and
• Early warning and early control functions are both addressed in this
type of monitoring.
• CVC’s Cause and Effect Program may involve some validation
monitoring.
Ultimately, monitoring programs are most meaningful when they provide insight into
the causal relationships between ecosystem integrity and stressors. Therefore, to
improve program value, baseline and effectiveness monitoring programs should be
paired up with validation monitoring wherever possible. Ultimately, a paired program
approach can facilitate sharing of information that can be used to effectively
influence management and policy directives (Fancy and Bennetts 2012).

IWMP is a baseline ecological monitoring program. IWMP is continually
exploring and strengthening relationships across all types of monitoring
programs at CVC.
4
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1.3.2 Guidelines for a developing a successful ecological monitoring program
It is well established that ecosystem monitoring is an important component of
conservation biology and effective resource management, however, it is rarely done
well (Noss and Cooperrider 1994). Challenges include poor study design (e.g. weak
basis for indicator selection, little scientific foundation, lack of emphasis on data
quality and accessibility), weak links to decision making processes and often-times,
budget constraints (Noon et al. 1999). In fact, it has been observed that when
budgets are reduced or competing activities need more money, monitoring
resources are often the first to be cut (Farr et al. 1999, Vos et al. 2000).
Overall, a successful monitoring program is much more than just data collection.
Creating a good monitoring program requires systematic and detailed planning,
standardized and repeatable data collection and data management protocols,
regular analysis, target or threshold setting and effective communication of results
(Noss and Cooperrider 1994, Vos et al. 2000, Fancy and Bennetts 2012, Beever
2012, Lindenmayer et al. 2013). It is not enough however, to simply design and
execute a reliable and rigorous monitoring program. Rather, the program must be
institutionalized to be fully effective:

“ the information gathered via the monitoring program needs to be an integral
part of the planning and operations of the organization through a systematic
and routine process for communication of relevant science and a decision
process that enables effective consideration of that science and the potential
for its incorporation into management decisions”
Fancy and Bennetts 2012

To be institutionalized, three broad themes must be addressed during the program
design process: relevance, reliability and commitment. A number of guidelines have
been recommended (Noss and Cooperrider 1994, Vos et al. 2000. Fancy and
Bennetts 2012) that facilitate the development of a successful monitoring program
that can be institutionalized:
1.
2.
3.
4.

Establishment of clear and measurable goals and objectives;
Clear statement of why and how the monitoring program has value;
Investment in detailed planning which includes regular review and refinement;
Documented sampling design and measurement methodology for each
attribute;
5. Planned redundancy and capacity to buffer mishaps and things that go
wrong;
6. Clear rationale for selecting monitoring components that addresses the
proper spatial and temporal scales;
5
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7. Explanation of expected statistical precision and power to detect trends;
8. A well designed accessible and secure data management system;
9. Regular data analysis and reporting of results;
10. Use of all the tools of modern science and statistics as appropriate, including
properly trained statisticians and technicians;
11. Development of partnerships to leverage expertise, share resources and
create efficiencies;
12. Built-in institutional structure (resources) for a sustainable monitoring
program; and
13. Procedure that connects monitoring to management goals; monitoring data
should be used as a tool to change management or human behaviour.
Each of the above points needs careful consideration during the development of a
monitoring program. For example, without clear goals and objectives, or a process in
which to transfer the accumulated knowledge, the program can lead to
‘datakleptomania’, or the uncontrolled desire to collect more data (Hellawell 1991).
One of the most common and serious of shortcomings in unsuccessful monitoring
programs is the lack of clear and concise goals and objectives. The goals and
objectives provide information on what analyses are necessary, which guides
decisions related to different study design components such as methodologies and
reporting. Goals and objectives need to be S.M.A.R.T: specific, measurable,
achievable, results-oriented and applicable over the relevant time-frame (Williams et
al. 2007).
A well-designed monitoring program that has long-term viability also includes a
mechanism to communicate results back to decision-makers and managers (Palmer
et al. 1998) in order to effect change in actions. In fact, a monitoring program must
demonstrate its value to resource managers on an ongoing basis, and become an
integral part of the decision-making process. Developing a link between a monitoring
program and resource management is challenging but imperative. Adaptive
environmental management (AEM) is one mechanism that can effectively link
monitoring and management. It is an iterative decision making process in resource
management, where monitoring is used as a tool to focus management goals
(Walters and Hilborn 1978). In AEM, monitoring provides baseline information used
to establish management goals (Figure 1-1). Continued monitoring determines if the
applied management action is effective and assists in refining resource management
activities, if necessary.
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Adaptive
Environmental
Management
(AEM)

Figure 1-1 Adaptive Environmental Management (AEM) Schematic.

1.4

IWMP Overview

1.4.1 IWMP in the past
In 1999, CVC recognized that to better inform restoration, management and strategy
development, a more thorough understanding of ecosystem status and trends was
necessary. Although some monitoring of precipitation, temperature, stream flow and
water quality were already under way, it became clear that a formalized program
measuring the integrity of a suite of biotic and abiotic indicators was necessary. In
response to this identified gap, IWMP was initiated. The initial goals of the program
were to provide baseline data on the existing conditions of the Credit River
watershed, measure temporal changes of key watershed health indicators and relate
findings to the success of future management activities. Ultimately, data collection
and analysis would allow for the identification of threats to natural heritage features
and functions, which would be communicated in a timely fashion so that follow-up
action could be initiated to protect and maintain ecosystem integrity.

7
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At its inception, IWMP evaluated stream integrity by monitoring fish, benthic
macroinvertebrates, water quantity and water quality annually at a subset of stations
throughout the watershed. With the goal of representing the range of ecological
conditions observed throughout the watershed, the primary station selection criteria
included locations impacted by defined environmental pressures, sensitive fisheries,
areas of groundwater discharge (i.e. baseflow via streamflow separation), and
locations considered to represent reference points or ‘pristine’ conditions (reference
information). Over time, the program expanded to include groundwater levels and
water quality, forest and wetland ecosystems, as well as land-use and land-cover
change (Figure 1-2).

Currently, Credit Valley Conservation has a number of monitoring programs
that are linked to aspects of ecosystem health and integrity. Most are short
to mid-term in duration, classified as effectiveness or validation monitoring
projects. The IWMP is the only long-term baseline monitoring program at
CVC that takes an integrated approach to evaluating the status and trends
of groundwater, stream, forest and wetland ecosystems in the Credit River
watershed.

Figure 1-2 Study Design History of IWMP.
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1.4.2 IWMP today
In 2010, approximately 10 years after IWMP was initiated, a program review and
trend analysis was initiated. External consultants were retained to review aspects of
study design for the program overall, and for individual attributes. A number of
recommendations were made by external consultants and subject matter experts on
aspects of the program that could be refined to improve the ability of IWMP to
provide the necessary data to inform and guide management decisions (Appendix
A1).
In 2012, the CAO undertook a CVC wide review of all monitoring and inventory
programs. As a result of recommendations made by consultants and budget
reallocations, a formal refinement process of IWMP was undertaken in 2013.
Ultimately, the purpose of the refinement was to address the recommendations
made, to create a scientifically sound, credible and sustainable program with clearly
defined goals and objectives that could be addressed with the available resources
following the guidelines referred to in section 1.5.1.
Briefly, the refinement process involved the following steps and components:
•
•
•
•

Senior management identified the need for refinement;
Core team selected including a coordinator and subject matter experts;
Core team worked intensively to create and implement the refinement
process, consulting at key decision points with all subject matter experts and
managers; and
Final development of a refined plan that detailed goals and objectives,
selected ecosystem indicators, aspects of study design such as monitoring
sites and monitoring schedule, analysis, reporting and budget (refer to
Appendix A2 for further details).

The proposed program refinements were approved by CVC’s senior
management team and CAO in March 2014. Following endorsement,
documentation of study design and related aspects are detailed here in
Volume One of the Reference Series.
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1.4.3 Application of IWMP data
Ultimately, the scientifically robust and defensible information gathered by IWMP
have a wide variety of practical management applications both in CVC and to
external partners. Some of these include:
1) Advise strategy development and evaluation;
• Monitoring data were critical in the development of the CVC Brook
Trout Recovery Strategy and Integrated Watershed Restoration
Strategy; and
• IWMP data are critical to the evaluation of the effectiveness of CVC’s
Natural Heritage System and Invasive Species Strategies.
2) Guide natural resource management on publicly and privately-owned
properties;
• Site level evaluations were developed for forest monitoring sites that
informed CVC lands management plans and management activities on
municipal lands; and
• Monitoring data on species at risk and wildlife habitat have been
provided to municipal and provincial partners to support provincial
policy and legislative initiatives (Appendix B).
3) Assist in knowledge transfer, tool development and enhancement; and
• Identification of reference conditions (i.e. benchmarks that are used to
describe the state of ‘naturalness’ or health of ecological attributes or
natural heritage features) can be used to summarize watershed
conditions, prioritize restoration and management activities, produce
thresholds of conservation action and evaluate the success of
management activities throughout CVC; and
• Development of conceptual stressor models can be used to identify
issues of concern and to predict future watershed threats.
4) Inform and support planning decisions.
• IWMP provides information on how anthropogenic disturbance impacts
natural areas and natural heritage systems, suggesting potential
solutions to minimize/mitigate impacts; and
• Provides baseline data upon which planning decisions can be made.
Figure 1-3 further illustrates some of the ways IWMP data have been applied to
natural resource management and strategy development both at CVC and externally
since its inception in 1999.
1.4.4 IWMP and Adaptive Environmental Management
Without IWMP, a critical piece of the AEM feedback loop (Figure 1-4) would be
missing and management would potentially continue on the same trajectory without
confirmation of whether implemented strategies have indeed been successful. A
formal workflow has been developed that proposes how the different departments
(or programs) at CVC can work together to implement an AEM framework (Figure
1-4). Briefly, once IWMP has detected a change or issue of concern, further
10
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investigations may be initiated to determine whether the underlying cause is
understood and whether a known intervention is required. If intervention is
necessary, this information will be passed on to the Watershed Management team,
who can develop an appropriate strategy. This strategy will than be passed on to the
Watershed Transformation and/or Planning Departments for implementation. If the
issue of concern is not well understood, the Cause & Effect program can work with
the Inventory team and other external partners to investigate the underlying
mechanism. If those investigations indicate that management is necessary, that
information will then be shared with the Watershed Management, Transformation
and Planning Departments who are responsible for implementation. All the while,
IWMP is tracking ecological integrity at the watershed scale.
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Figure 1-3 Sample of how data collected by the IWMP is used internally and externally to guide resource management and strategy
development. Data collection at CVC is not possible without collaboration with many agencies and partners.
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Figure 1-4 Illustration of how baseline monitoring (red squares) should be integrated with
validation monitoring (blue squares), inventory (green squares), resource management and
effectiveness monitoring activities (purple squares) to influence management activities and
strategy development at CVC.
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1.5

Goals and Objectives

Setting goals and objectives are key steps in study design, and it is important to
understand the difference between the two. Program goals are concise, general
statements explaining the overall purpose and intent of the program. They guide
decision making, and address aspects of design, implementation and application of
results. Goals are supplemented by objectives which are precise and tangible and
provide measurable steps towards meeting a goal.
The following section outlines the goals and objectives of IWMP, which guide data
collection, analysis, reporting and application of results to inform decision making
within CVC and throughout southern Ontario as a whole. These goals and objectives
feed into the mission statement of the program:

Through a robust baseline long-term ecological monitoring program,
provide information and tools to meet the scientific needs of CVC and its
stakeholders in order to support CVC’s vision of a thriving environment
that protects, connects and sustains us.

Clear and S.M.A.R.T. monitoring goals and objectives contribute to the cycles of
planning and execution shown in Figure 1-5. The first circle describes steps made in
the design process of a monitoring program, the second circle describes steps
taken to execute the planned program, while the last circle describes how
monitoring information is used to manage and adjust conditions in the watershed. As
in the framework of adaptive environmental management (Walters and Hilborn
1978), these cycles are meant to feed into each other – experiences in execution will
lead to learning and potential adaptation of the program, including modifying and
refining goals and objectives as well as other components of the study design
planning process. Furthermore, information gained from management initiatives
influence monitoring goals and aspects of design.
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Figure 1-5 Sequence of steps taken in designing, executing/implementing and applying the
information collected in a long-term monitoring program. Figure modified from Figure 2.1 in
Reynolds (2012).
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1.5.1 Goals
The Integrated Watershed Monitoring Program has three goals, each of which links
to CVC’s strategic plan goals and directions (CVC 2014a):

1. Evaluate status and trends of valued ecosystem components (Box 1) at
multiple spatial and temporal scales;
(Strategic Plan: goal 1, direction 1, 2; goal 2, direction 1; goal 3, direction 1, 6; goal 4, direction
1; goal 6, direction 1, 2, 3)

2. Integrate monitored ecosystem attribute status and trends, to identify
early warning signs and emerging threats; and
(Strategic Plan: goal 1, direction 2; goal 2, direction 2; goal 6, direction 3)

3. Identify natural variability and ecological thresholds, to establish
reference conditions/sites against which other sites and conditions can
be compared.
(Strategic Plan: goal 1, direction 1, 2, 5; goal 3, direction 1, 4, 6; goal 4, direction 1; goal 6,
direction 1, 2, 3)

Some key principals mentioned in IWMP’s three goals are status, trend and
threshold. Within IWMP, status is defined as the current condition of an ecosystem
component based on monitoring data. This can be a numerical value or a qualitative
description such as ‘good’, ‘fair’ or ‘poor’. A trend is defined as a change over time
of the condition of an ecosystem component. Trends may be stable (no change),
positive or negative, and their impacts to integrity (e.g. improvement or deterioration)
can be evaluated based on movement towards or away from an established
threshold. Finally, thresholds are ecologically based values used to assess the
status and overall integrity of an ecosystem component. Monitoring thresholds are
used to provide a qualitative description of the status of an ecosystem component
such as ‘good’, ‘fair’, or ‘poor’.
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1.5.2 Objectives
Three types of objectives are listed in this document: design objectives, monitoring
objectives and sampling objectives. Design objectives provide focus on how
specific components of study design will accomplish the desired goals, monitoring
objectives provide detail about what questions the specific monitoring protocols will
answer and how, where sampling objectives outline the statistical considerations
that drive study design. Design objectives of IWMP include:

1. Design and document an effective, informative, efficient and feasible
program;
(Strategic Plan: goal 1, direction 1, 2; goal 3, direction 6; goal 4, direction 1; goal 7,
direction 2, 3, 4, 6, 9, 13; goal 8, direction 3)

2. Collect data using standardized protocols that are relevant,
repeatable, and cost effective;
(Strategic Plan: goal 1, direction 1)

3. Manage data to ensure the quality, interpretability, security, longevity
and availability of data collected and/or analyzed by the program;
(Strategic Plan: goal 4, direction 4; goal 7, directions 3,4 )

4. Analyse data regularly to evaluate and characterize the integrity of
groundwater, stream, forest and wetland ecosystems in the Credit
River watershed;
5. Frequently communicate results to a diversity of groups in a format
that is appropriate to the specific audience so they can be used to
guide management decisions, strategy development and tool
development; and
(Strategic Plan: goal 1, direction 3; goal 4, direction 2, 4, 5, 7; goal 5, direction 2; goal 7,
direction 9; goal 8, direction 3)

6. Review the program regularly to ensure program components
address outlined goals and objectives. Adjust the program where
goals are not met or to address changing watershed conditions and
concerns.
(Strategic Plan: goal 7, direction 13)

Monitoring and sampling objectives can be found in Appendix C, in addition to
strategies to implement the above listed design objectives. Based on these
objectives, a set of key performance indicators (KPIs) will be developed to evaluate
how well the objectives are achieved.
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2.0

CREDIT RIVER WATERSHED

A thing is right when it tends to preserve the integrity, stability, and
beauty of the biotic community. It is wrong when it tends
otherwise.
Aldo Leopold, 1949

This chapter characterizes the natural features of the Credit River watershed by
system, as they relate to IWMP. A brief discussion of the forces that shape the
ecosystems are provided in addition to descriptions of the main activities and
processes that place stress on CVC watershed components and functions.
2.1

Watershed ecosystems

The Credit River watershed encompasses 950 square kilometres of land within the
Greater Golden Horseshoe, the most rapidly urbanizing region of Ontario. The Credit
River flows southeast from its headwaters near Orangeville to its drainage point in
Lake Ontario. The watershed is made up of eight major and two minor physiographic
regions that have characteristic differences in glacial deposits and unique
combinations of soils, elevation, and drainage. Twenty-one subwatersheds have
been delineated within the watershed, as well as approximately 14 creeks located
within the City of Mississauga that drain directly into Lake Ontario. IWMP monitors
the status and trends of four ecosystems, which can be used to describe watershed
integrity (health); groundwater, streams, forests and wetlands. These
ecosystems were selected as the focus of the monitoring program as they are most
likely to reflect overall Credit River watershed conditions.
2.1.1 Groundwater
Groundwater is a vital natural resource in the Credit River watershed. Groundwater
contributions to streams, rivers and wetlands, play a crucial role in maintaining
surface water quantity, quality and temperature, all vital to support the health of
aquatic ecosystems. Groundwater is also an important source of drinking water for
approximately 116,000 people living in the Credit River watershed (CVC 2012).
Groundwater levels in the watershed appear to be stable, exhibiting typical seasonal
patterns with higher water levels in the spring, followed by lower water levels in the
fall. Groundwater quality in the Credit is good, with concentrations of chlorides and
nitrate + nitrite generally remaining within Ontario Drinking Water Standards (ODWS;
CVC 2017).
Groundwater originates as surface water that percolates through layers of soil and
rock and is stored beneath the earth’s surface in solid rock formations called
aquifers. Aquifers in the Credit River Watershed are typically comprised of either
older deep-seated bedrock material such as dolostone, sandstone and limestone, or
of more recent overburden material such as gravel, sand and silt (AquaResource
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Inc. 2009). Nine major aquifers have been identified in the Credit River watershed:
seven in the overburden, one in the bedrock-contact zone and one in bedrock (Table
2-1). Aquifer complexes within the shallow overburden (e.g. Hillsburgh Alton,
Caledon and Caledon East Meltwater Channels) are more susceptible to
contamination than other, deeper aquifers in the watershed.
Typically, groundwater flows are a reflection of topographic relief and move from
areas of high hydraulic head to areas of low hydraulic head. When a stream or
wetland intersects the water table, groundwater may enter the stream and contribute
to flow. Approximately half of the Credit River’s average stream flow is groundwater
and during periods of drought, groundwater (i.e. baseflows) becomes the primary
source of water to streams (AquaResource Inc. 2009). This baseflow is an important
component of streamflow in the Credit River and is critical for maintaining the
structure and function of Credit River ecosystems. Due to this connection between
groundwater and surface water, the quality and quantity of groundwater can
influence surface water quality and the health of aquatic ecosystems.
Groundwater is vulnerable to contamination from human activities. For example,
leaks from septic systems, fuel storage tanks or landfills, as well as the applications
of road salt, pesticides or fertilizer may contaminate groundwater (CVC 2012). The
faster a contaminant migrates through the ground to the aquifer, the more vulnerable
the groundwater is to contamination. This vulnerability of groundwater is determined
by factors such as the depth and thickness of the aquifer, the types of soils overlying
the aquifer, and the rate at which water travels through the ground to the aquifer.
Table 2-1 Aquifer complexes in the Credit River Watershed (after Singer et al. 2003)
Watershed
Location
Upper

Aquifer Location
Orangeville Moraine
Hillsburgh Channel
Alton Channel
Caledon Meltwater Channel

Middle
Lower
Entire

Black-Silver Creek Channel
Caledon East Meltwater Channel
Lake Peel Deltaic Aquifer
Weathered Bedrock

Upper /Middle

Guelph-Amabel

Aquifer Material

Zone

Gravel, sand minor silt
Outwash gravel
Sand and silty gravel to
stratified gravel
Gravel and sand

Overburden
Overburden
Overburden

Sand and gravel
Fine and medium sand
Fine sand and silt
Fractured bedrock and
overlying course material
Dolostone

Overburden
Overburden
Overburden
Bedrock Contact
Zone
Bedrock

Overburden

2.1.2 Stream
The Credit River watershed is comprised of the Credit River and its associated
tributaries. The main Credit River is 90 km long and starts near Orangeville, runs
through Caledon, over the Niagara Escarpment in Cataract, and through Halton
Region, Brampton and Mississauga before it drains directly into Lake Ontario at Port
Credit. Water from Lake Ontario then enters the St. Lawrence River, which
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eventually drains into the Atlantic Ocean. Within CVC’s jurisdiction, there are
fourteen additional tributaries that drain directly into Lake Ontario and, consequently,
are not technically part of the Credit River watershed. The total length of all the
tributaries and rivers in Credit Valley Conservation’s jurisdiction is 1800 km, 75% of
which is comprised of lower order streams (first to third order; Environment Canada
2013).
Most of the watercourses in the northern part of the watershed remain in a relatively
natural condition (CVC 2009). Base flow to rivers and streams is maintained
predominantly from springs and groundwater discharge, and water quality is
generally good (CVC 2014b). Many tributaries of the Credit River in the middle part
of the watershed create massive headwater complexes that cover approximately
40% of the Escarpment plateau. East of the Escarpment, the Credit River cuts
through clay till plains and is characterized by steep-walled valleys with floodplains
of varying widths (CVC 2014). Several creeks originate in the southern part of the
watershed that empty directly into Lake Ontario.
This vast system of streams and creeks act as the veins of the watershed, carrying
water to support recreation, irrigation, drinking water, wildlife and plant species. The
Credit River is one of southern Ontario’s most productive cold water fisheries,
supporting populations of native brook trout, introduced and self-sustaining brown
trout (Salmo trutta) and migratory salmon from Lake Ontario (CVC 2007). There are
approximately seventy-five species of fish that live in the Credit River watershed and
Lake Ontario tributaries, in addition to countless species of benthic macroinvertebrates and a variety of plant life. There are also many semi-aquatic animals
dependent on healthy streams such as mink (Neovison vison), beaver (Castor
Canadensis) and waterfowl.
The integrity of streams within the watershed is threatened by a variety of stressors
that can affect the quantity and quality of the water such as water-takings, aggregate
extraction, poor farming or landscaping practices, urbanization and barrier creation.
Many of the creeks and tributaries of the Credit River have been channelized,
resulting in overall losses of riparian vegetation. Water quality in the main stem of
the Credit River and its tributaries is generally poor (CVC 2006b).
2.1.3 Forest
The majority of the Credit River watershed is located in the Lake Simcoe-Rideau
forest region (Crins et al. 2009). The climax forest type for this area is dominated by
sugar maple (Acer saccharum) and American beech (Fagus grandifolia), in
association with American basswood (Tilia americana), white elm (Ulmus
americana), yellow birch (Betula alleghaniensis), white ash (Fraxinus americana),
eastern hemlock (Tsuga canadensis) and eastern white pine (Pinus strobus). The
Lake-Ontario-Lake Erie forest region extends only a few kilometres into the
watershed from the mouth of the river. Characteristic associations in this region
include black and white oaks (Quercus alba and Q. velutina), sassafras (Sassafras
albidum) and shagbark hickory (Carya ovata) (Credit Valley Conservation 1956).

20

Integrated Watershed Monitoring Program Reference Series Volume 1: Program Overview and Monitoring Plan

Forests provide numerous, irreplaceable ecological functions including the
production of oxygen through photosynthesis, sequestration of carbon, and the
moderation of climate through the transpiration of trees. Forests also play a role in
reducing water flow-through rates, decreasing soil erosion, improving surface water
quality, and creating habitat for flora and fauna (Larson et al. 1999). Despite these
benefits, forests have historically been viewed as obstacles to progress or as
sources of economic gain through various activities. Ontario has undergone
dramatic change since the arrival of European settlers. The arrival of European
settlers resulted in intense logging and conversion of land for agriculture. Woodland
cover in Ontario reached an all-time low of approximately 10% by 1920 (Larson et al
1999). Since 1920, reforestation and natural succession on marginal lands has
expanded and recovered a portion of the original woodlands lost (Larson et al 1999;
Credit Valley Conservation 1956). In the Credit River watershed, it is estimated that
woodland cover in 1921 was approximately 10%, rising to 16.3% in 1954. As of
2013, there is approximately 21% woodland cover in the watershed, with cover
dipping below 10% in the southern parts of the watershed (CVC 2013).
Forests in the more rural reaches in the mid to upper watershed are generally in
good condition, able to support a rich diversity of plant and animal species. Forest
conditions in the urbanized southern reaches of the watershed are compromised
relative to the rest of the watershed, with concerns related to low abundances of
dead wood (downed wood and standing trees), high richness of non-native plant
species and low abundances of ground-nesting bird species.
Many of the threats to watershed forests are related to habitat removal, which have
led to habitat loss and fragmentation. Fragmentation generally results in the
reduction of total available habitat, the isolation of remaining patches, a decrease in
patch size and often an increase in total patch number (Noss and Cooperrider 1994;
Fahrig 2003). In addition to forest removal and the associated impacts, forest
communities are threatened by unsustainable forestry practices, fragmentation by
infrastructure, modified fire regimes, spread of invasive non-native species, air
pollution and climate change. Because of the many functions forests provide to the
landscape as a whole, and numerous threats to their integrity, monitoring of these
ecosystems will provide crucial information on the status of natural heritage features
and organisms that depend on them throughout the Credit River watershed.
2.1.4 Wetland
As of 2013, Six percent of the Credit River watershed is composed of wetland
communities. Eighty-two percent of wetlands in the Credit River watershed are
swamps, with the majority of the remaining classified as marshes. The northern
parts of the watershed contain up to 10% wetland cover, most of which are swamp
communities. The southern, urbanized part of the watershed contains only 1%
wetland cover, most of which (57%) are marsh communities. Wetlands in the
northern watershed are also part of larger wetland complexes, consisting of groups
of wetlands which function as biological and hydrological units (Credit Valley
Conservation 2013).
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Wetlands provide numerous, irreplaceable hydrological and ecological functions,
including stabilization of water supplies, flood abatement, water purification, erosion
control, recharging groundwater aquifers and carbon sequestration (Zedler and
Kercher 2005; Mitsch and Gosselink 2007). Despite these benefits, wetlands have
historically been viewed as unsightly waste areas, and were often drained and filled
to accommodate agriculture (Grand River Conservation Authority 2003). Within
southern Ontario, approximately 70% of original wetland area is estimated to have
been drained for agricultural purposes, increasing to over 80% near major urban
centres (Natural Resources Canada 2009).
Similar to forest ecosystems, wetland communities in the rural upper and middle
reaches of the watershed are generally in good condition, with a high diversity of
plant and frog species. Wetlands in the southern, urbanized part of the watershed
are not as healthy, characterized by high abundances of non-native plant species,
and small populations of only a few frog species.
Current threats specific to wetlands within the Credit River watershed include habitat
removal, nutrient enrichment, organic loading, contaminants (e.g. road salts),
sedimentation, turbidity, thermal changes, hydrologic changes, non-native species,
habitat fragmentation, climate change and unsustainable use (e.g. species
harvesting) (Dougan and Associates 2009). Within the watershed, the relative
impact of each of these processes and their cumulative impacts on wetland integrity
are still unknown.
2.2

Drivers and Stressors

When developing a monitoring program, it is important to identify the forces that
naturally shape the ecosystems in question along with the threats or stressors that
act upon them. This provides context within which the system exists, focuses the
selection of appropriate ecosystem components to monitor and assists in elucidating
potential cause and effect relationships.
2.2.1 Drivers
Drivers are the underlying forces that shape an ecosystem. These can be further
divided into primary drivers, such as climate and physiography, and secondary
drivers, such as land cover/land use and natural disturbance regime. These
secondary drivers act upon ecosystems, but are themselves influenced by the
primary drivers. For example, climate and physiography guide land cover/land use
and natural disturbance regimes (e.g. flood or fire intensity, frequency and duration)
in an area, all of which will ultimately shape and influence the variety of ecosystems
within the watershed (Figure 2-1).
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Figure 2-1 Primary and secondary ecosystem drivers in the Credit River watershed.

The following sections discuss the primary and secondary drivers that shape the
ecosystems monitored in the Credit River watershed, and how IWMP addresses
them in analysis and reporting.
2.2.1.1 Climate
The climate of southern Ontario is characterized as having warm summers, mild
winters, a long growing season, and usually reliable precipitation. The climate within
southern Ontario differs somewhat from one location to another and from one year
to the next. Spatial variations are caused by the topography and varying exposure to
the prevailing winds in relation to the Great Lakes.
The mean annual precipitation in the Credit River watershed is approximately 850
mm, of which 15% appears as snowfall (or 12.5 cm depth). The greatest
precipitation amounts occur in the northern part of the watershed south of Erin, due
in part to some influence of the Niagara Escarpment or ‘lake effect’ storms
originating over Lake Ontario. Lake-effect precipitation originating from Lake Huron
and Georgian Bay is also possible, but influences totals only in the northern part of
the watershed (CVC et al., 2003). The watershed has an annual frost-free period of
148 days, with a growing period of about 202 days. The mean annual air
temperature is 6.0 °C, with the mean daily temperature ranging from about -6 °C in
January to 20 °C in July (CVC et al., 2003).
Climatic parameters (i.e. air temperature, precipitation, wind speed and direction,
relative humidity) are monitored by IWMP in addition to the four ecosystems
discussed above. Indicators of precipitation and air temperature are related to
system integrity in all IWMP products.
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2.2.1.2 Physiography
Though encompassing many unique landscape formations, the Credit River
watershed physiographic regions have been grouped into three broad zones of
approximately equal area (Figure 2-2). Zone designations are based on a
combination of topography, subwatershed boundaries, land-use, catchment
boundaries and physiographic regions. The three zones (i.e. upper, middle and
lower) of the Credit River watershed currently provide the basis for broad
comparisons of system integrity across the watershed’s landscape, and are
considered in all analysis and reporting products of IWMP.
The upper watershed lies above the Niagara Escarpment and includes all areas
north of Inglewood. This zone contains the most northerly headwaters of the Credit
River. It is characterized by hilly moraines, glacial spillways and permeable soils.
These highly permeable soils allow a significant amount of infiltration that supplies
the regional groundwater system. Settlement areas in the Upper Watershed include
Orangeville, Erin, Alton, Caledon Village and Hillsburgh (Figure 2-2, Table 2-2).
The middle watershed contains the Niagara Escarpment and the western edge of
the Oak Ridges Moraine. Much of the middle zone (and part of the upper zone) is
protected under the Greenbelt Plan (OMMAH 2005). This zone is characterized by
steep slopes, significant rocky outcrops and thin overburden soils. The topography
of the area causes relatively high runoff volumes and velocities; however, extensive
forest cover slows runoff and increases infiltration. Settlement areas in the middle
watershed include Inglewood, Cheltenham, Terra Cotta, Ballinafad, Acton,
Georgetown and Norval (Figure 2-2, Table 2-2).
The lower watershed is highly urbanized and is home to 87% of the watershed’s
population. The topography of this zone is relatively flat, with the exception of
Iroquois Plain, with a gentle slope south towards Lake Ontario. Much of the lower
watershed is comprised of lower permeability clay loam soils associated with the
Peel Plain and South Slope. Sandier soils that were once found in the lower
watershed were paved over during urban development. In general, due to low
permeability, runoff is greater in this zone and infiltration significantly lower than in
other parts of the watershed. The lower watershed is dominated by major urban
centers, including most of the City of Mississauga, the western half of the City of
Brampton and the eastern portion of the Town of Oakville (Figure 2-2, Table 2-2).
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Table 2-2 Regions, Counties and Municipalities of the Credit River watershed.
Region/County

Regional Municipality of Peel
Regional Municipality of Halton

Municipality
Town of Caledon
a
City of Brampton
a
City of Mississauga
Town of Halton Hills
a
Town of Oakville

Wellington County

Town of Erin

Dufferin County

Town of Orangeville
Town of Mono
Township of East Garafraxa
Township of Amaranth

a

a

Denotes major urban centre

2.2.1.3 Land Cover/Land Use
The extent and configuration of natural land cover in the landscape, including
naturally vegetated riparian areas, have the ability to alter species distribution,
abundance and dispersal mechanisms, in addition to modifying ecosystem
processes, nutrient and water availability. Regions with high proportions of natural
cover have increased biodiversity, larger and more sustainable plant and wildlife
populations, with increased species dispersal across the landscape. Aquatic health
and water protection services are also linked to increased natural cover. In
particular, benefits of naturally vegetated riparian areas include shading to moderate
stream temperature, stabilization of stream banks and prevention of erosion,
provisioning of organic materials to streams, removal and regulation of sediment and
flood attenuation and storage (Castelle et al 1994; Naiman and Decamps 1997;
Castelle and Johnson 2000; Fischer and Fischenich 2000; Sullivan et al 2007; Gift et
al 2010). Riparian areas may also act as corridors for plant and wildlife dispersal
(Seavy et al 2009; Tremblay and St. Clair 2011).
Anthropogenically fragmented landscapes have higher non-native and disturbancetolerant species richness, reduced gene flow and altered hydrologic functioning. In
fact, development of roads has been shown to alter both groundwater and stream
flow (Forman and Alexander 1998), which has direct impacts on the plant and
animal communities in stream, forest and wetland ecosystems. In general, the urban
matrix tends to have more negative and permanent impacts on ecosystem structure,
composition and function than an agricultural matrix.
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Because of the known effects that extent and configuration of natural land cover has
on ecosystem structure, composition and function, observed patterns and trends
need to be considered in the context of the changing landscape of the Credit River
watershed. Overall land use and land cover, configuration and character differ
among the three zones in the following ways (Figure 2-3):

Upper Watershed
The upper watershed contains the greatest proportion of agricultural and seminatural (successional) communities (56% combined) relative to the middle (51%)
and lower watersheds (35%). The amount of cultivated land has decreased in recent
years, being replaced by small hobby farms. The upper watershed also comes
closest to reaching the 90% vegetated stream length target established by the
Credit River Fisheries Management Plan at 82%.

Middle Watershed
The middle zone contains the greatest proportion of natural cover (combination of
aquatic and other natural, cultural forest, forest and wetland) in the watershed at
34% relative to the upper (29%) and lower watersheds (8%). This is likely due to
topographic factors, lower levels of urbanization and protective legislation. The
middle zone is part of the protected Niagara Escarpment and Oak Ridges Moraine,
which is characterized by larger, more connected natural patches surrounded by
a diversity of habitat types. Although it does not reach the target established in the
Credit River Watershed Fisheries Management Plan, 75% of the stream length in
the middle watershed is vegetated.

Lower Watershed
Urban cover in the lower watershed accounts for over half of the land-base (56%)
compared to the upper and middle watersheds (15%). In fact, the amount of natural
cover (i.e. forest and wetland) in the lower watershed may be classified as poor
when compared against government standards (Environment Canada 2013). In
addition, the remaining natural communities in the lower zone are smaller, more
highly fragmented and embedded in a less hospitable matrix than communities
in the rest of the Credit River watershed. Alterations to the stream system have
also been observed, where many tributaries have been buried, replaced by sewers
or shortened by channelization. Furthermore, only 63% of the stream length is
vegetated, much below the established 90% target.

Every five years, a landscape monitoring report is completed by IWMP that
summarizes metrics of land use and cover throughout the watershed, and
how they have changed from the previous reporting cycle. This information is
used to understand observed patterns in the groundwater, stream, forest and
wetland ecosystems IWMP monitors.
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Figure 2-3 Land cover composition in the Credit River watershed and in each of the three
physiographic zones. Other natural includes beach/bar, bluff, barren, cliff, dune, shoreline,
talus and prairie communities. Cultural forest includes plantations and cultural woodlands.
Successional includes cultural meadow, cultural savannah, cultural thicket and hedgerow
communities. Land cover composition was based on CVC’s 2017 Ecological Land
Classification (ELC) and Land Use GIS layer.
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2.2.1.4 Natural Disturbance Regime
Natural disturbance regime and alterations to this regime are detected in the
monitoring of climate, groundwater, stream, forest and wetland ecosystems. Natural
disturbances within stream communities (and indirectly in groundwater ecosystems)
are dominated by floods and droughts. Floods can cause major morphological shifts
in rivers and cause widespread and excessive erosion and sedimentation. Floods
are most widespread in the spring but are also common in the summer and fall
(Mitchell et al 2006). Droughts are also naturally occurring events within the
watershed and can be essential in the life cycle of some species.
Similar to other northeastern temperate forests, the dominant natural sources of
disturbance within the watershed are windstorms, ice storms, insect pests and tree
disease. Frequent windstorms typically create small- to medium-sized gaps that
rapidly regenerate. Conversely, ice storms tend to be periodic, creating substantial
damage over a large scale (Lorimer and White 2003). Insect pests and diseases are
also important agents of natural disturbance; however they play a larger role in low
diversity coniferous forests than hardwood communities which are more typical
within the watershed (Lorimer and White 2003). Historically, fire has been infrequent
within these forest ecosystems and is unlikely to be a major driver within the
watershed.
Dominant sources of natural disturbance in wetlands can result in changes to both
their hydrology and biota. Natural changes to hydrology can occur through a variety
of processes including severe weather events, succession, beaver engineering,
sediment transport, and ice scouring (Mitsch and Gosselink 2000). Within the
watershed, severe weather events and unusual seasonal extremes are the most
common source of natural disturbance controlling the extent and duration of floods
and droughts. Biota can also be directly disturbed through the consumption of plants
by geese, muskrats (Ondatra zibethicus), and other herbivores which can result in
large alteration to vegetation composition and structure (Mitsch and Gosselink
2000).

Understanding how stressors generally impact monitored ecosystems can
help elucidate some of the observed patterns and processes within the
Credit River watershed
2.2.2 Stressors
Stressors are anthropogenic or natural agents of change that upset the balance
and/or functioning of an ecosystem. Similar to drivers, stressors can be subdivided
into two categories (International Union for the Conservation of Nature 2015). In fact,
many stressors modify aspects of primary and secondary ecosystem drivers.
Primary stressors describe broad categories of related activities or changes to
natural systems that place stress upon an ecosystem. Secondary stressors
describe specific activities within the broader group that can be related to a defined
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set of impacts to ecosystem integrity. For example, logging is a secondary stressor
that can be categorized more broadly as the harvesting of biological resources (a
primary stressor).
Eleven primary stressors have been identified within the Credit River watershed,
including a variety of land use change activities, harvesting of biological resources,
invasive species processes, alterations to natural events and climate change. Each
of these primary stressors has two to five associated secondary stressors (Figure
2-4). The following sections discuss primary stressors and their general impacts on
the four ecosystems (groundwater, forest, wetland and stream) monitored in the
Credit River watershed (Figure 2-5, Figure 2-6). Many of these stressors are
monitored either directly or indirectly within IWMP.
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Figure 2-4 Conceptual model of ecosystem stressors in the Credit River watershed. Stressor
classification based on definitions created by the International Union for the Conservation of
Nature (IUCN 2015).
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Figure 2-5 Conceptual model of some stressor impacts to ecosystems in the Credit River
watershed.
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Figure 2-6 Conceptual model illustrating the relationship between drivers, stressors,
ecosystems, impacts, ecological endpoints/integrity and socioeconomic endpoints as they
relate to watershed health.
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2.2.2.1 Land-use change
Land use change causes both habitat loss and habitat degradation. The landscape
of southern Ontario has undergone significant change over the past 200 years. Prior
to European settlement, southern Ontario was almost completely covered by forests
and swamps, with smaller patches of successional areas, open country habitat and
prairie habitat (CVC 2013).
In the Credit River watershed, 80% of natural areas have been lost, first due to
agriculture, logging and other extractive activities, and subsequently due to
development. Land use change can also cause habitat degradation through
fragmentation of natural areas, flooding, erosion, changes to flow magnitude,
frequency and duration, declines in air and water quality, pollution, and the impacts
of urban sponsored predators.
The five types of land-use change that are identified as potential stressors in the
Credit River watershed (out of a total seven listed by IUCN), if not implemented
sustainably include:
•
•
•
•
•
•

Urban Development;
Recreation;
Agriculture;
Aggregate Extraction;
Infrastructure; and
Water Management.

IWMP analyses land use/land cover change every five years and produces a
landscape monitoring report on the results.

2.2.2.2 Harvesting of biological resources
Harvesting of biological resources is a stressor that can harm species (and
individuals) directly, unlike the other stressors which destroy or degrade habitat. It
consists of the following four secondary stressors:
•
•
•
•

Hunting;
Gathering Plants;
Logging; and
Fishing.

Hunting wildlife and gathering of plants may occur to a small extent but are unlikely
to have major impacts on wildlife populations throughout the watershed. There are
no known economically or ecologically significant forestry activities within the
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watershed (CVC 2007), although small scale forest management (on both private
and public lands) does occur. Fishing, however, occurs to a greater extent than the
other secondary stressors in this group.
The Credit River is one of the most popular angling rivers in Ontario (Legg 1985)
with a variety of fishing opportunities found throughout the watershed. The coldwater
fishery in the upper watershed provides high-quality fly fishing opportunities for
brook trout and brown trout. The lower watershed is known for its runs of chinook
salmon, coho salmon and rainbow trout. Small lakes and ponds scattered
throughout the watershed also offer panfish, bass and pike fishing opportunities
(MNR and CVC 2002). As such, there is potential for impacts from over-fishing and
for the transfer of aquatic invasive species through the release of bait (CVC 2014b).

IWMP does not monitor the harvesting of biological resources as these
activities are not considered to be a major stressor in the Credit River
watershed (CVC 2014b).

2.2.2.3 Invasive species
Species considered invasive are prolific, with the potential to have serious negative
impacts on ecosystem attributes. Invasive species can be native or non-native in
origin, belonging to many taxonomic groups including plants, animals, fungi, and
bacteria.
Following habitat loss, non-native invasive species are the second most significant
threat to biodiversity in Canada (Natural Resources Canada 2009). These species
tend to spread quickly across the landscape due to lack of natural predators, high
tolerance to disturbance and rapid reproduction rates. They threaten native species
populations by competing for essential resources including space, water, food and
light (LaPaix et al. 2009). In addition to intensifying competitive pressures, some
invasive species can alter ecosystem functions and attributes so that conditions
become unsuitable for native species over the long-term.
Emerald ash borer (EAB;Agrilus planipennis Fairmaire) is an invasive insect species
introduced from eastern Asia that attacks and kills all healthy, native North American
ash trees (Fraxinus spp.). Trees die within two to three years of infestation by EAB,
resulting in mass mortality of one of the co-dominant tree species in watershed
woodlands (i.e. forests and treed swamps). Non-native invasive earthworms alter
litter decomposition rates and nutrient availability, in forest communities and
ultimately modify nutrient cycles and ecosystem processes. An introduced fish
species, the common carp (Cyprinus carpio), overgrazes and dislodges aquatic
vegetation, resulting in turbid conditions that reduce water quality in local streams.
Not only do common carp create unsuitable habitat conditions for native fish species
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that require clear water with aquatic vegetation, but they are also know to prey upon
eggs of native fish species, further exacerbating pressures on the native fish
populations in the Credit River watershed.
A number of plant and animal species in the watershed are also threatened by nonnative, invasive pathogens such as beech bark disease (Nectria coccinea) which
causes mass mortality of beech trees throughout the province (Addison 2009; CVC
2014b), and Chytrid fungus (Batrachochytrium dendrobatidis), a pathogen causing a
disease in frog and salamander species worldwide, that has been linked to
“devastating population declines and species extirpations” (Skerratt et al. 2007).
Although there are many examples of non-native invasive species modifying
ecosystem composition, structure and function throughout the watershed, native
species can also become invasive. An example of a native, hyper-abundant invasive
species in southern Ontario is the white-tailed deer. North America has seen a range
expansion and population explosion of the white-tailed deer following the extirpation
of large predators across the landscape. Their ability to adapt to human modified
landscapes and modify forest ecosystems has earned them the title of a keystone
species (Rooney 2001). Through feeding activity, they are able to alter the
appearance and function of forest communities by preferentially browsing on some,
often native, plant species and avoiding other, usually non-native, species. They
change the species composition of the plant community directly through browsing
and indirectly by suppressing regeneration of shrubs and trees. Changes to the
understory vegetation can create undesirable habitat conditions for wildlife that
usually breed, feed and shelter in the low-lying vegetation and shrubs. And although
the mechanism is not fully understood, non-native plant species may become a
dominant component of heavily browsed forest communities, either through the
preferential avoidance of these species by the deer or exploitation of non-natives to
niches left vacant by reduced native plant species populations (Rooney 2007).
Overall, invasive species are associated with fragmentation, disturbance and edge
effects and are often positively associated with recreational activities and trails
(LaPaix et al. 2009). More specifically, urbanization is known to lead to an increase
in invasives (McKinney 2006), with further increases in invasive abundance
expected in response to climate change (Rustad et al. 2011). Because of their
known impacts to biodiversity and ecological processes, invasive species are an
important stressor to monitor throughout the watershed.

IWMP monitors invasive species in forest and wetland ecosystems
throughout the watershed. CVC also has an invasive species management
program that actively removes invasive species as per the 2007 Invasive
Species Strategy.
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2.2.2.4 Alteration of natural extreme events
Modifications to the intensity, timing, frequency and magnitude of natural extreme
events can be responsible for significantly altering the ecological form and function
of ecosystems in the watershed. The two most important natural extreme events to
influence ecosystem conditions in the watershed are:
•
•

Flooding; and
Drought.

Flooding and drought play an important role in the maintenance of stream
ecosystem form and function including the redistribution of particulate and organic
matter (Wetzel 2001), creation and maintenance of habitat through bank erosion and
side channel creation, removal of old and flood intolerant vegetation and the
facilitation of species movement to downstream areas. In addition, riparian plant
species are adapted to the flooding conditions and flourish in the wet or semi-dry
conditions that flooding cycles create. Unfortunately, flooding regimes of
watercourses throughout the Credit River watershed have been substantially altered
through human intervention such as dams, water taking, impervious surfaces and
stream bank hardening. Alternatively, the watershed has also experienced drought
suppression due to practices implemented at facilities such as waste water
treatment plants. Just as periodic floods are crucial to maintaining stream ecosystem
attributes, so are periodic droughts.
Although fire is an infrequent disturbance throughout most of the watershed, it was a
significant modifier of terrestrial ecosystems in the Credit River Estuary (CVC
2014b). Historically, fires were responsible for removing large volumes of biomass
from these ecosystems, promoting the presence of shade intolerant and/or fire
tolerant plant species. However, with the suppression of fire, these specialized
species are becoming more uncommon as they are outcompeted by more shade
tolerant species (CVC 2014b).

IWMP reports on flood and drought events throughout the watershed, and
investigates the impacts these events have on monitored ecosystems.

2.2.2.5 Climate Change
Climate change has the potential to dramatically alter Ontario’s terrestrial and
aquatic ecosystems (Varrin et al. 2007). Although the impacts of climate change are
generally unpredictable, some projections for southern Ontario include warmer
winter temperatures, warmer mean annual temperatures, increased precipitation
volumes and overall changes to the intensity, duration and frequency of precipitation
events (Auld et al. 2016). This may result in an altered hydrologic cycle with more
water stored in the atmosphere and less available in ground and surface water.
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Some water quality issues may be directly affected by climate change (e.g. instream
water temperature) while others can be indirectly affected through hydrology (e.g.
soil erosion and subsequent silting up of fish habitat). Aquatic plants may proliferate
with higher stream water temperatures and nutrient levels. Soil erosion can result in
high instream levels of suspended solids that can harm spawning habitat and
threaten fish communities. The projected changes to temperature and precipitation
are also expected to impact terrestrial ecosystems in many ways including predicted
increases in rates of insect outbreaks, fire, tree disease and tree mortality.
Increasing frequencies of extreme heat days may exceed tolerances of individual
plant species, causing changes to vegetation community composition and
interactions, including increased competition for water resources (Colombo et al.
1998, 2007; CVC 2014b). Of additional concern, hyper –abundant populations of
common native species are expected and changes to community composition and
interactions may occur as once southern species invade northern communities.
Climate change is also predicted to increase the frequency of extreme weatherrelated events such as ice storms, flooding, drought and/or fire (Auld et al. 2016). In
highly modified landscapes, changes to the frequency of extreme weather events
can further exacerbate the pressures local ecosystems are currently experiencing.
For example, as flooding plays an important role in the maintenance of stream and
valley ecosystems, changes to flooding events could impact a variety of system
functions and attributes. Some of these functions and attributes include the
redistribution of particulate and organic matter (Wetzel 2001), creation and
maintenance of habitat through bank erosion and side channel creation, facilitation
of wildlife movement downstream, and the removal of dead and/or flood intolerant
vegetation around stream banks. In addition, riparian plant species are adapted to
the flooding conditions and flourish in the wet or semi-dry conditions that flooding
cycles create. Periodic flooding is therefore important in creating and maintaining the
beneficial conditions associated with naturally vegetated riparian areas. Long
periods of drought, conversely, have a direct impact on water supply affecting water
levels in streams and shallow aquifers with subsequent impacts to aquatic life and
human receptors.

IWMP tracks changes in precipitation and temperature, and investigates the
impacts these changes have on monitored attributes.
2.2.3 Monitoring and Reporting of Drivers and Stressors
Within IWMP, some of the drivers and stressors are monitored directly or indirectly.
Many are reported on to provide context and are included in analyses as covariates
or grouping factors. Table 2-3 outlines which drivers and stressors are monitored,
reported on and/or included in analytic products within IWMP.
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Table 2-3 List of which drivers and stressors are monitored, reported and potentially analyzed
in the IWMP
Attribute

Monitored

Reported

Analyzed

Drivers
Climate





Physiography





Land Cover/Land Use













Natural Disturbance Regime*





Stressors
Land-use Change: Urban, residential, commercial & industrial
Land-use Change: Recreation
Land-use Change: Aggregate
Land-use Change: Energy



Land-use Change: Infrastructure





Land-use Change: Water Management





Harvesting of Biological Resources
Invasive Species







Alteration of Natural Extreme Events











Climate Change

* flooding/drought are the only aspect of natural disturbance regime that are currently monitored, reported and
analyzed regularly
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3.0

MEASURING ECOLOGICAL INTEGRITY

Not everything that can be counted counts, and not everything that
counts can be counted.
William Bruce Cameron, 1963
This chapter briefly describes ecological integrity and how it is measured in IWMP.
Key terms relevant to the program are defined and a discussion of the review and
selection process for ecosystem components in IWMP is provided. Conceptual
models are used to help visualize system components and interactions throughout
the chapter.
3.1

Ecological Integrity

Ecological integrity can be defined as “the capability of supporting and maintaining a
balanced, integrated, adaptive community of organisms having a species
composition and functional organization comparable to that of the natural habitat of
the region” (Karr and Dudley 1981). It is the sum of the physical, chemical and
biological properties and functions of a system, and their natural range of variability.
Evaluating and characterizing components of ecological integrity is the central focus
of many ecosystem based monitoring programs established worldwide (Parks
Canada 2011). Although many definitions exist, Shackell et al. 1993 characterize
high integrity ecosystems as those with generally:
•
•
•
•
•

High resilience and resistance to change/stress;
High biodiversity;
Structural, compositional and functional complexity;
Persistent populations of large species and predators; and
High degree of closure in nutrient cycling.

It is believed that the loss or change to any key system component or process can
result in a loss of integrity (Karr and Dudley 1981, Noss 1990, Aubin et al. 2007,
LaPaix et al. 2009), which will therefore require some mitigation or management
action to return to the desired state.
An additional term often used to describe the state of a natural area is ‘ecosystem
health’ (Wicklum and Davies 1999; Lackey 2001; Carignan and Villard 2002). This
term is a metaphor comparing the state of an ecosystem to the health of an
organism, where stress is expected to cause overall system health to decline
(Carignan and Villard 2002). Despite some criticisms against the use of the
metaphor (Rapport et al. 1998), it continues to be a useful communication tool
because it is easy to comprehend and may increase the general public’s
understanding of ecosystem functioning, especially when socioeconomic values are
considered (Rapport et al. 1998; Carignan and Villard 2002). Although ecosystem
status in the watershed will be defined by the monitoring program in terms of
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‘integrity’, ‘watershed health’ will be used for general communication purposes in
which socioeconomic values may also be included.
3.2

How is Integrity Monitored?

IWMP monitors the condition of natural communities throughout the watershed
holistically by describing the status and trends of some 1) ecosystem drivers, 2)
stressors, and 3) key processes and/or properties. This section defines monitoring
attributes, indicators and metrics as they relate to the program.
3.2.1 Valued Ecosystem Components
The status and trends of a suite of biotic and abiotic components that describe
ecosystem integrity in the Credit River watershed are monitored and measured by
IWMP. These components are organized into a hierarchy with six levels:
•

System - breaks ecological units within the watershed into four distinct
ecosystems including Groundwater, Stream, Forest and Wetland;

•

Factor - within each system, components are further divided into biotic or
abiotic factors;

•

Attributes - identify the key features of systems that are known to respond to
stressors (i.e. bird communities, water chemistry). Attributes may be thought
of as broad descriptors of the variables that IWMP monitors and may be
useful for communication purposes;

•

Indicators - groups of related metric(s) which describe the status of
monitored attributes. For example, in forest ecosystems, the plant community
IBI, and plant community composition and structure are two indicators that
characterize the plant community attribute. Although most of the attributes are
composed of two or more indicators, some attributes (e.g. salamander
community) have only one indicator;

•

Metrics - provide information about an indicator or an attribute. It is important
to note that while indicators are made up of one to many metrics, some
metrics may not be associated with an indicator and may relate directly to an
attribute. For example, the water temperature attribute in stream ecosystems
has two indicators, and several metrics (e.g. mean summer temperature) that
do not feed into the indicators but provide useful information for the attribute
as a whole. Generally speaking, once a metric is compared to a threshold
(see Section 7.2.2, with additional detail provided in IWMP Reference Series
Volume Two), it is an indicator of the health or integrity of a particular
attribute; and

•

Measures - values collected directly in the field or lab and may be thought of
as raw data. It is necessary to collect these measures in order to calculate or
derive metrics. For example, for benthic macroinvertebrates in Stream
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Ecosystems, species identity and abundance measures are used to calculate
the diversity metric (Figure 3-3). Conceptual models for all ecosystems
(similar to Figure 3-3) can be found in Appendix D.
An all-encompassing term, Valued Ecosystem Components (VEC), is applied to
any attribute, indicator, metric, or measure that is monitored by IWMP to evaluate
and report on ecosystem integrity in the Credit River watershed.

Figure 3-1 Model illustrating hierarchy of valued ecosystem components as they feed into
watershed health, and the influence of drivers and stressors.
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Figure 3-2 Conceptual model depicting the IWMP ecosystems and drivers and their associated attributes. Abiotic system
attributes are purple, biotic system attributes are green, and driver attributes are blue.
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Figure 3-3 Stream (biotic) system conceptual model showing relationships between the ecosystem, factors, attributes, indicators
and metrics. Solid boxes correspond to VECs currently monitored by the IWMP, where faded boxes represent VECs that are not
currently monitored but of interest to the program. Stream abiotic and all other system models can be found in Appendix C.
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3.2.2 Ecosystem Elements and Organization
Each biotic metric or measure monitored in IWMP represents at least one of three
interdependent elements of an ecosystem - composition, structure and/or function
(Figure 3-4):
•

Composition - identity and variety of ecosystem components;

•

Structure - spatial arrangement of various components; and

•

Function - ecological or evolutionary processes.

Considered the building blocks of ecosystems, each of these elements responds to
stress at different spatial and temporal scales. The suite of biotic VECs can also be
grouped into at least one of four hierarchical levels of organization:
•

Landscape - a mosaic of heterogeneous land forms, water bodies,
vegetation types and land uses.

•

Community - an assemblage of organisms that exist and interact with one
another on the same site.

•

Species - a group of organisms with a common ancestry able to reproduce
among themselves.

•

Gene - a unit of heredity that determines an organism’s attributes and
characteristics.

For example, the abundance of a bird species is a metric that describes composition
at the species level, while volume of downed wood is a metric that describes
structure at the community level (Appendix D; Tierney et al. 2009).
Examining a suite of VECs that represent a variety of elements and organizational
levels is necessary to achieve program goals and objectives. Valued ecosystem
components at lower levels of organization (e.g. species) are expected to respond to
stress before the entire ecosystem, and thus have the capability of acting as an
early warning system (Woodley 1993). Higher levels of organization (e.g.
community) are expected to be more resilient to stress, and thus measures at these
levels will allow for tracking of the long-term or cumulative impacts of disturbance
(Woodley 1993). The IWMP currently measures only three of the four hierarchical
levels, with genetic attributes excluded as they are beyond the scope of the
program.
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Figure 3-4 Model illustrating the monitored compositional, structural and functional metrics in
forests at three hierarchical levels of ecosystem organization (adapted from Noss 1990 and
Tierney et al. 2009).

3.3

Evaluation of selection of Valued Ecosystem Components (VEC)

Due to time and resource constraints, programs need to be selective in what they
monitor. Upon program inception (1999), a variety of biotic and abiotic VECs were
selected to monitor ecosystem integrity throughout the Credit River watershed. The
underlying principle of monitoring the status and trends of indicators and their
composite metrics is that a subset of ecosystem features are sufficient to assess
changes to natural communities due to natural or anthropogenic influence (Lambeck
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1997, Simberloff 1998, Caro and O’Doherty 1999, Andelman and Fagan 2000,
Fleishman et al. 2000). Upon program refinement, all VECs were reviewed to ensure
the monitoring program continues to be able to address program goals and
objectives in a scientifically rigorous, efficient and effective manner. At this time,
potential monitoring gaps were also identified. This list can be referred to and further
discussed if resources become available or management priorities change (see
Appendix E; potential gaps).
To evaluate and select a suite of VEC to continue monitoring, the review team met
with attribute leads to compile information necessary to make scientifically sound
decisions. Steps included:

•

•
•

Compilation of a comprehensive list of all measures collected in the field that
were ranked in importance by the attribute leads for their overall and
interdisciplinary relevance in reflecting ecosystem integrity. Measures that fed
into the calculation of metrics and indicators that were included in any (internal
or external) reports or products were highlighted;
Evaluation of the reliability of the data and cost-effectiveness of the
protocols used to collect information. This step included looking for
redundancies, highlighting information gaps, and resourcing discussions in
which the value of collected information relative to the cost of collecting the
data was considered;
Creation of conceptual models describing the interactions between attributes
(Figure 3-5) and with outside drivers, and an assessment of whether the
attributes and indicators being measured addressed those interactions; and
Selection of the final suite of VEC to be measured by IWMP in the future
based on five criteria recommended by Carignan and Villard 2002, generally
removing the redundant and least relevant VEC.

Criteria used to select final suite of VEC:
1. Represent a suite of compositional, structural and functional attributes,
each of which has been linked to ecological status in the scientific
literature;
2. Represent a gradient of temporal scales- different metrics are expected
to respond to stress and changing environmental conditions at different
rates;
3. Represent a gradient of spatial scales – different metrics will respond to
disturbance at varying spatial scales from the plot to landscape level;
4. Response to disturbance is predictable and directional; and
5. Management actions can be recommended and implemented for the
chosen metric if conditions deteriorate.
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Figure 3-5 An example of an interaction model created for Benthic Macroinvertebrate
monitoring. Similar models have been developed for all monitoring attributes. Arrows pointing
to the centre indicate attributes that are expected to influence the condition of the centre
attribute. Two-ended arrows indicate that the two attributes are expected to influence each
other.

3.4

Description of IWMP Monitored Attributes

The following section provides an overview and rationale for each of the attributes
included in IWMP. Further information on monitoring indicators, metrics and
measures for each attribute is summarized in Appendix E.
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3.4.1 Groundwater
3.4.1.1 Groundwater levels
Groundwater levels are an indicator of the amount of water in aquifers and shallow
water tables. Groundwater contributions to streams, rivers and wetlands play a
crucial role in maintaining surface water quantity, quality (i.e. by enhancing stream
capacity to assimilate waste) and temperature, all vital to maintain the health of
aquatic ecosystems. Groundwater is also an important source of drinking water for
approximately 116,000 people living in the Credit River Watershed.
3.4.1.2 Groundwater chemistry
Monitoring groundwater chemistry in aquifers helps identify potential future problems
as part of effective groundwater management. Currently, contaminant
concentrations in groundwater are currently compared to Ontario Drinking Water
Standards. However, alternate targets will be researched in the future that are
relevant to assessing groundwater quality as it applies to aquatic and terrestrial
wildlife.
3.4.2 Stream
3.4.2.1 Streamflow
Streamflow strongly influences the physical, chemical, and biological structure and
function of the Credit River watershed. Extreme streamflow values, either through
flooding or drought, can also greatly impact residents and infrastructure in the
watershed. The amount of water flowing in a stream is influenced by two primary
sources: water running off the land (i.e. rainfall or snowmelt) and groundwater
discharge.
3.4.2.2 Water temperature
Just as air temperature helps control where plants and animals live on land, water
temperature has a major influence on aquatic organisms. With climate change,
water temperatures are predicted to get warmer, potentially changing the types and
amounts of plants and animals that live in the Credit River watershed. Aquatic
organisms such as fish and benthic macroinvertebrates are adapted to a specific
range of temperatures and changes in water temperature can affect the composition
and function of aquatic ecosystems.
3.4.2.3 Water chemistry
We drink water to live and eat fish from streams and lakes. We use water for
recreation, in agriculture and in industrial processes. Water chemistry monitoring
allows us to evaluate whether stream ecosystems are able to sustain healthy aquatic
communities. Human activities can negatively impact surface water quality in a
number of ways. Contaminants such as excess nutrients, pesticides, metals,
pharmaceutical products and bacteria can all enter streams as a result of human
actions. At certain concentrations these contaminants can have negative effects on
both ecosystem and human health. It is therefore important to monitor water
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chemistry to help ensure the health and safety of our aquatic ecosystems and detect
emerging trends to inform management actions.
3.4.2.4 Fluvial geomorphology
The application of fluvial geomorphology is used to quantify stream dynamics (i.e.
erosion rates, channel migration, and sediment transport) and to assess the overall
stability and sensitivity of channel networks within the Credit River watershed.
Watershed management decisions require an understanding of the natural
tendencies of streams and how they respond to stressors within the floodplain
and/or catchment. This information allows for informed decisions that promote
‘healthy’ stream function and in turn, results in streams that can support biotic
communities indicative of a healthy watershed.
3.4.2.5 Fish community
Globally, fish are valued for their cultural, economic and ecological importance. In
the Credit River watershed, fish are an integral part of the ecosystem and the net
present value of the recreational fishery alone is conservatively estimated at $48
million dollars (DSS Management Consultants Inc. 2008). Land use and climate
change can have a substantial impact on species assemblage and productivity of
fish living in lakes and streams. Changes in water quantity and quality, stream
morphology, riparian vegetation, benthic invertebrates and water temperature also
have an influence on the health of fish communities. Fish communities therefore
make excellent indicators of stream health. Fish are also easy to identify and are
typically present in even the smallest streams and in all but the most polluted water.
This makes fish communities an important integrative indicator of stream health.
3.4.2.6 Benthic macroinvertebrates
Benthic macroinvertebrates provide many critical ecological functions that make
them essential to a healthy ecosystem. These include, but are not limited to:
decomposition, instream nutrient cycling, nutrient transfer to riparian zones, control
of algal and macrophyte growth and food provision (as a food source) for a variety of
aquatic and terrestrial organisms. Environmental factors that are of particular
importance to macroinvertebrate diversity and abundance include: sediment
composition and chemistry, land use, riparian vegetation cover, water chemistry and
temperature, dissolved oxygen, and hydrological factors such as streamflow and
water depth. Although juvenile benthic organisms have low mobility compared to
other animals such as fish and birds, adult stages for many benthos species are very
good dispersers, and have been shown to quickly recolonize a stream following
disturbance. Therefore, the sensitivity, and diversity of benthic communities makes
them ideal indicators for the assessment of environmental impairments at a variety
of spatial and temporal scales, for which they can be considered an integrative
indicator of stream integrity.
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3.4.3 Forest
3.4.3.1 Forest soils
Ecological processes and properties in forest communities are heavily influenced by
soil temperature and moisture. For example, soil temperature affects seed
dormancy and germination, microbial decomposition and soil moisture content. Soil
moisture is one of the driving factors determining what plant species and soil
dwelling fauna will be present in a particular area. Surrounding land-use and climate
change are expected to modify soil temperature and moisture conditions. Therefore,
tracking status and trends in soil moisture and temperature provides information
crucial to understanding plant and salamander community dynamics in forest
ecosystems.
The chemical composition of forest soils can regulate plant growth, influence
ecosystem processes such as nutrient cycling, and affect rates of organic matter
decomposition, all of which ultimately affect primary productivity and ecosystem
health. Worldwide, soils have been depleted, contaminated and degraded due to a
variety of anthropogenic and natural processes including pollution, climate change
and acidification. These stressors and threats have resulted in changes to soil
chemistry which ultimately affects plant and animal communities in forest
ecosystems throughout the watershed.
3.4.3.2 Tree health and dead wood
Trees are key structural and biophysical components in forest communities that
define ecosystem function. In addition to providing habitat for forest flora and fauna,
they modulate ecosystem processes through the regulation of shade, atmospheric
and soil moisture, nutrient inputs and extractions.
Monitoring of tree health in forest ecosystems provides information on how complex
ecological interactions in forest communities respond to stressors such as habitat
loss, non-native species invasion and climate change.
Dead wood, in the form of snags and downed woody debris, is an important
structural and functional feature in forest communities that provide critical habitat to
a diversity of arthropods, reptiles and amphibians, birds, small mammals and fungi.
Dead wood influences processes such as water storage, nutrient cycling, soil
formation and erosion. The abundance of these features can be modified by
management activities, disease and climate change.
3.4.3.3 Plant community
Vegetation is an integrator of biological and environmental factors, and is the
foundation of trophic webs and animal habitats. Vegetation also contributes to
geologic, geomorphic and soil development processes. Monitoring of plant
communities and associated ecological processes allow for the detection of changes
in forest ecosystems to stressors such as habitat loss, species invasion and climate
change. This information is key to developing management and restoration plans as
well as monitoring the effectiveness of the Credit River Watershed Natural Heritage
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System. By monitoring vegetation in conjunction with wildlife groups (such as birds
or amphibians), vital connections between faunal groups with vegetation and habitat
characteristics can be made.
3.4.3.4 Breeding birds
Forest birds have often been used as surrogates for the health and status of wildlife
species and natural communities. This high profile faunal group is sensitive to
habitat change at the local and regional scales due to their high body temperature,
rapid metabolism and trophic position in the food web. Relative to other taxa they
are easily surveyed and the habitat requirements and sensitivities are well known for
many species. Declining forest bird populations, continent-wide, makes monitoring of
forest birds a vital component to understanding forest ecosystem structure and
function.
3.4.3.5 Salamanders
Lungless salamanders such as red-backed salamanders (Plethodon cinereus), are
reliable indicators of biodiversity and ecosystem integrity of North American forests.
These salamanders lay eggs in debris on the forest floor from which small adult-like
young hatch. They are well linked in forest food webs as important prey items to
many bird and snake species, as well as predators of soil microfauna. Due to their
high biomass in forest ecosystems, they play an important role in forest nutrient
cycling, and ultimately, productivity. Salamanders are highly sensitive to
environmental stressors that can impact leaf litter, soil moisture and temperature,
such as acidification, timber harvest, and air and water pollution. In fact, this
sensitivity allows them to provide early warning of changing forest conditions. Their
longevity, site fidelity, small territory size and low fecundity also make them more
reliable indicators of environmental change than most other forest species.
3.4.4 Wetland
3.4.4.1 Tree health and dead wood
Just as in forest communities, trees are key structural components of swamp
wetland communities that influence how these ecosystems function. Refer to section
3.4.3.2 for further details.
3.4.4.2 Plant community
Wetland vegetation is known to be a useful indicator of biotic integrity. Plant
communities respond to water quality, hydrologic modifications, chemical pollution,
and nutrient enrichment. Submergent species richness is affected by high sediment
levels, nutrient enrichment and turbidity, while emergent species also respond to
culturally enriched inputs. Furthermore, non-native species are characteristic of
wetland degradation. Monitoring wetland plant communities also allows for early
detection of the impacts of climate change. As the climate becomes warmer, it is
expected that wetland communities may transition to drier habitat types. Similar to
forest ecosystems, tree health is also monitored in wetland swamp communities
because of its importance to ecosystem structure, composition and function.
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3.4.4.3 Frogs and toads
Frog and toad species are common indicators of wetland health as they are very
sensitive to terrestrial and aquatic environmental conditions. Because amphibian
skin is permeable to water, they are strongly affected by poor water quality and
severe drought. Their small home ranges and requirement for both land and water
also makes them sensitive to habitat loss, roads and lack of nearby forested areas.
These and other factors (e.g. disease, UV radiation) are causing worldwide decline
in amphibian populations.

53

Integrated Watershed Monitoring Program Reference Series Volume 1: Program Overview and Monitoring Plan

4.0

STUDY DESIGN AND MONITORING PLAN

Designing a monitoring project is like getting a tattoo: you want to
get it right the first time because making major changes later can
be messy and painful.
Oakley et al. 2003
The overall goal for IWMP study design refinement was to produce a monitoring
program that is efficient, effective, and feasible. With that in mind, a generalized
process for planning a long-term monitoring program was implemented, with some
modifications to accommodate the previously existing design and the
multidisciplinary nature of the program.
The fact that this version of IWMP study design was built on an existing program
made the study design process different from initiating a new monitoring program
from scratch. A priority during the refinement was maintaining the utility of long-term
data by retaining existing monitoring sites, when possible. This aim was balanced
with the desire to strengthen the program and increase the integration between
attributes, as suggested by the review process (see Chapter 1.0). Overall, the new
study design was informed by CVC’s science needs as reflected in the Strategic
Plan, professional knowledge of the watershed gained through the history of
monitoring, statistical considerations, and logistical constraints.
This chapter briefly summarizes the theoretical concepts that must be considered in
the design of a monitoring program, and details how specifically these concepts
were applied in the refinement of IWMP. The chapter concludes by discussing the
evaluation of the proposed design and sampling strategy.
4.1

Study design in long term ecological monitoring

Once the goals and objectives of the program have been defined (see Section 1.5),
and valued ecosystem components (VEC) have been selected, aspects of study
design and sampling strategy can be developed. Careful planning and
implementation of study design components will ensure that the collected data are
both representative of the sampled VEC and sufficient to make defensible inferences
about the un-sampled portions of the VEC. The following four aspects of study
design must be considered in the development of any monitoring plan and strategy
and are described in more detail in the following sections:
1. Survey area (see section 4.1.1) ;
2. Scope and number of monitoring sites (see section 4.1.2);
3. Location of monitoring sites (see section 4.1.3); and
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4. Timing and frequency of sampling (see section 4.1.5).
4.1.1 Survey area
The survey area is the geographic region that will be covered by the monitoring
program, and it should contain the statistical population (i.e. attribute) you want to
make inferences about. The survey area for IWMP is the Credit River watershed.
One example of a statistical population the program aims to describe is benthic
macroinvertebrate communities within stream ecosystems. In other words, we want
to be able to generalize our findings and make comments about all benthic
macroinvertebrate communities in the Credit River watershed, even though we have
only sampled a subset of those communities.
4.1.1.1 Types of monitoring sites
IWMP monitors selected attributes (see Section 3.4) in four ecosystems of the
Credit River watershed:
•
•
•
•

Groundwater,
Streams,
Forests, and
Wetlands.

With complementary monitoring of:
•
•

Climate conditions, and
Land cover/Land use (Figure 4-1).

Information related to drivers and stressors such as climate conditions and land
cover/land use are used to help understand and explain status and trends observed
in monitored ecosystems. These complementary data are essential for supporting
the main goals of IWMP, even though sampling does not always occur at the same
monitoring stations or locations.

55

Integrated Watershed Monitoring Program Reference Series Volume 1: Program Overview and Monitoring Plan

Figure 4-1 Illustration of IWMP study design (and the attributes monitored at each of them),
including climate, groundwater, stream, forest and wetland sites, and the associated attribute
stations.

4.1.1.2 Monitoring station versus monitoring site
In IWMP, a monitoring station specifies the exact location at which monitoring data
are collected for a particular attribute. A monitoring site refers to all monitoring
stations that are in close enough proximity to each other, that data can be pooled for
integrative analysis. These integrative analyses will describe overall site conditions
from the perspective of multiple attributes for a particular system.
To illustrate, a forest monitoring site has tree health, downed wood, plant community
(i.e. ground vegetation and regeneration), lungless salamander, soil, and breeding
bird stations (Figure 4-2a). Similarly, a stream monitoring site has stream flow, water
chemistry and temperature, fluvial geomorphology, fish and benthic
macroinvertebrate stations (Figure 4-2b). Some groundwater monitoring sites have
wells tapped into two different aquifers, at two different depths (i.e. intervals); each
of these would be considered a station.
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(a)

(b)

Figure 4-2 Illustration of a) forest monitoring site, ground vegetation, regeneration), downed
wood, salamander, tree health, breeding bird, soil moisture and temperature stations; and b)
stream monitoring site with fish community, benthic macroinvertebrate, fluvial
geomorphology, water chemistry, water temperature and streamflow stations.
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4.1.2 Scope and number of monitoring sites
To achieve the goals of evaluating status and trends, the sample size must be large
enough to adequately characterize a VEC or detect change, without oversampling
and wasting effort. While evaluating status requires visiting many different sites
throughout the watershed, detecting changes in condition requires repeat visits to
the same sites over time. The study design must therefore balance the needs of
evaluating both status and trends, with the available resources.
Once decisions are made about how many monitoring sites will be sampled, the
scope of the program can be defined. Scope dictates what spatial scale will be
addressed by the program and therefore what strata need to be considered when
carrying out stratified random sampling to choose monitoring sites.
4.1.2.1 Power analysis as a tool to determine sample size
Completing a power analysis is an effective way to determine how many monitoring
sites are necessary to achieve the goals of the program, and is considered to be an
essential part of any study design and monitoring plan. A power analysis is a
statistical tool that includes four main parameters. The analyst must know three of
the parameters in order to calculate the fourth. The four parameters are defined as
follows:
•

Power (1- β) - the probability that a study will detect a difference or change
when it exists;

•

Sample size (N) - how many samples (e.g. sites, subjects) are collected as
part of the study;

•

Effect size - the magnitude of change or difference that can be detected by
the study; and

•

Level of significance (α) - the probability of detecting a difference or change
when it does not exist (i.e. false alarm).

In addition to the four above parameters considered in a power analysis, the analyst
must also know what statistical test they plan to use on the monitoring data (e.g.
linear regression), estimates of means and variation from previous data and whether
the data are to be stratified.
4.1.2.2 IWMP Power Analysis
For the IWMP review and refinement, power analyses were used to determine how
many sites (i.e. N) would have to be monitored to detect status and trends at the
watershed, watershed zone, and sub-watershed scales. These results were then
used to define the scope or spatial scale of the monitoring program. First, relevant
literature was consulted to establish defensible values for Power, Effect Size and
Level of Significance. The values of these parameters were established as the
statistical objectives of IWMP (see Section 7.5.2).
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IWMP is designed to meet the following statistical objectives:
1. To be able to detect with at least 90% certainty, a 10% change over a
10-year period, in attribute condition at the watershed and watershed
zone scales; and
2. To be able to detect with at least 90% certainty, a 20% difference
between watershed zones in an attribute after one complete panel of all
monitoring stations is complete (i.e. 2 years for most attributes).

4.1.2.3 IWMP Scope
The power analysis was run on a subset of indicators and metrics that are typically
used in IWMP to describe attribute and ecosystem integrity, including fish IBI,
breeding bird IBI and the water quality index.

Based on power analysis results, it was determined that the available program
resources could support monitoring at only two spatial scales; watershed and
watershed zone.
Although there is interest in reporting at the subwatershed scale, the number of sites
required to detect changes at this scale is not logistically feasible or cost effective for
IWMP. However, because there is an interest in describing status and trends at a
finer scale than the whole watershed, the three watershed zones were selected.
Watershed zones have ecological relevance as they break the watershed down into
smaller units based on physiography and land cover/land use. Both of these factors
influence abiotic conditions and species distributions, and as such are informative
strata.
The program is not designed to be representative of, or make inferences about,
subwatersheds or other sub-units of the watershed. However, it is possible to draw
some conclusions at smaller spatial scales (e.g. site or sub-watershed) that are
necessary to inform planning and land-use management strategies. For example,
after several years of monitoring, individual site data can be used to address sitespecific questions and inform management interventions. However, it is important to
remember that it is not appropriate to scale up results from individual sites to
suggest that they are representative of a survey area for which the program was not
designed.
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4.1.2.4 IWMP number of monitoring sites
Once the spatial scale (i.e. scope) of IWMP was confirmed, the sampling design was
finalized for all monitored attributes and indicators, so as to adhere to the statistical
recommendations defined by the power analysis.

Based on the power analysis, the final sampling design for each monitored
system within IWMP includes:
• 9 climate stations;
• 20 groundwater wells;
• 92 stream sites (39 integrated and 53 supporting);
• 30 forest sites; and
• 30 wetland sites.
See Figure 4-3 for site locations and distribution.

4.1.2.5 Types of Monitoring Sites
Not surprisingly, different indicators require different monitoring intensities to
evaluate status and trends, while adhering to the established statistical objectives.
For example, to detect changes in the fish IBI, over 70 monitoring sites are required,
while changes to the water chemistry index can be detected with fewer than 50 sites.
These large differences in required sampling effort are especially evident in stream
attributes, therefore, some accommodations in the study design have been made to
address this challenge.
Stream sites are divided into two types, integrated and supporting. All six stream
attributes (listed in Figure 4-1) are monitored at the integrated sites. However,
additional supporting sites were established for a subset of stream attributes (i.e.
fish, benthic macroinvertebrates, surface water temperature, and fluvial
geomorphology) that needed a larger sample size, and for which extra sampling was
resource efficient. In addition to providing higher power to detect trends, supporting
sites were included to provide early warning capability; these sites are primarily on
lower order tributaries, and are likely to be affected by stressors earlier than higher
order streams.
Monitoring sites for groundwater, forest and wetland systems are all integrated,
respectively, meaning that all attributes for a particular ecosystem are measured at
the same general location, on the same sampling schedule to allow for integrative
analyses and a holistic understanding of system integrity.
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4.1.3 Location of monitoring sites
Once the desired sample size (i.e. number of monitoring sites) and scope has been
defined, one of the most important tasks in the study design process is to determine
how to allocate and distribute those monitoring sites throughout the survey area.
Statisticians recommend the best way of selecting monitoring sites as simple
random sampling, where all possible sampling locations have an equal probability of
being selected (Lindenmayer and Likens 2010). Simple random sampling is said to
be unbiased, statistically and biologically. For example, the monitoring sites won’t all
come from the same part of the statistical distribution, or won’t all be highly impacted
sites.
In ecology, where survey areas can contain several distinct habitat types or other
subunits, simple random sampling is often replaced with stratified random sampling.
In stratified random sampling, monitoring sites are selected separately from within
each stratum, or level (e.g. watershed zone), giving a more representative sample
than simple random sampling. Simple random sampling and stratified random
sampling are both probability-based methods of monitoring site selection.
Judgment sampling is an alternative selection method, where expert knowledge
about the characteristics and distribution of sites is used to select monitoring sites.
Judgment sampling is often used in agency-designed monitoring programs,
(Lindenmayer and Likens 2010), especially when site access is constrained by land
ownership, as is the case for IWMP. Due to the potential biases inherent in judgment
sampling, not all sites selected by judgment can be used to make inferences about a
larger survey area (e.g. sites chosen specifically based on their known status or
issues of concern). This is because most statistical models are based on the
assumption that all sites have an equal probability of selection. Results from studies
with sites selected by judgment sampling should be interpreted with care to not
extend conclusions beyond what is appropriate. One way to strengthen inferences is
to remove sites from statistical analyses that are known to disproportionately bias
the results in a particular direction.

Sites included in IWMP have been selected using a fusion of judgment and
stratified random sampling.
Historically, judgement sampling prevailed, in which many of the sites were placed
on public land that would be accessible over the long-term. As the program matured,
sites were selected using a stratified approach, to ensure monitoring sites better
represented the range of conditions observed across the landscape (e.g. stream
orders 1-7, headwater streams, swamp and marsh communities, small and large
woodlands). This fusion approach has ultimately resulted in a monitoring site
complement that is more reflective of watershed conditions than judgement sampling
alone.
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Stratified random sampling was not fully implemented by IWMP for three main
reasons:
1) Monitoring sites have to be appropriate from a site-selection perspective for
more than one attribute. This constraint reduces the total number of potential
sample sites in the watershed that can be adopted as a monitoring location;
2) Permission to access private properties for monitoring purposes also limits
the number of potential sample sites in the watershed; and
3) Desire to maintain the utility of as much of the historical data as possible.
4.1.4 IWMP site selection process
The site selection process for each ecosystem is described below, and
summarized at the site level in Appendix F.
4.1.4.1 Climate Sites
All pre-existing climate stations within or near to the Credit River watershed were
selected for use in the revised IWMP design. Four of the nine climate stations are
owned and operated by Environment Canada, while the remaining five are owned by
CVC; the locations of CVC’s climate stations were determined by the needs of the
Hydrology and Hydraulics Division of CVC for the flood forecasting and warning
program.
4.1.4.2 Groundwater Sites
All 16 pre-existing PGMN groundwater monitoring wells within the watershed were
selected for use in the revised IWMP design. Groundwater wells were established
through the PGMN over the period of 1999-2012; their locations were selected
based on ambient site requirements, regional geology and aquifer studies carried
out by the province.
Between 2012 and 2014, an additional four wells were added to the IWMP program;
three wells from site specific studies, and one unused production well. These
additional wells tap overburden and bedrock aquifers and were added to provide
coverage for aquifers underrepresented by the PGMN network (see Appendix F,
Table F1 for site level details).
4.1.4.3 Stream sites
For the integrated sites, a list of potential monitoring sites was developed, including
both existing and new locations. Existing stream monitoring sites were established
between 1999 and 2013, and were selected according to the process described in
Section 1.4.1.
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During the program review and refinement process, 39 sites from the full list of
potential sites were selected with the intention of capturing the representativeness of
the watershed, and included:
•
•
•
•
•
•
•

Watershed zone;
Stream order (i.e. headwaters, mid-reach and lower reach);
Major land use;
Physiographic region;
Location in relation to the Niagara Escarpment (i.e. above or below);
Location in subwatershed (i.e. main river, headwater, mid-reach and mouth);
and
Subwatershed (as major contributors to the main Credit River).

Watershed zone was used as a stratum, such that an equal number of sites were
chosen in each zone. Both stream order and major land use were considered so that
the proportion of sites selected in each category approximated the actual proportion
of that category in the watershed. For the last two factors, at least one
representative of each major physiographic region and subwatershed were selected.
The site selection procedure for supporting stream sites used the same criteria as
the process for integrated stream sites, except that sites on smaller order streams
were preferentially chosen to be supporting sites. Smaller order streams are more
sensitive to change and therefore are appropriate as early warning indicators,
fulfilling one of the desired functions of the supporting sites (see Appendix F, Table
F2 for site level details).
4.1.4.4 Forest Sites
All pre-existing forest monitoring sites were selected for use in the revised IWMP
study design. These sites were established from 2002-2014, and were originally
selected using the following criteria:
•
•
•
•
•

Accessibility;
Vegetation community type (i.e. series);
Spatial distribution across the watershed (i.e. watershed zone and
subwatershed);
Major surrounding land use; and
Habitat patch size.

Forest sites were established mostly (~73%) on public property to secure access
over the long-term. As almost three quarters of the watersheds forests are
characterized as deciduous or mixed deciduous/coniferous communities, all the
forest sites were established in these two community types. Resource constraints
make it unfeasible to add a subset of coniferous forest sites to IWMP at this time,
therefore it was determined that monitoring of deciduous and mixed communities
would be the focus. Spatially, forest sites were selected to achieve an even
distribution across the three watershed zones and among the major land use types
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(i.e. urban vs. rural). Efforts were also made to establish at least one forest and
wetland site in each of the 23 subwatersheds. As habitat patch size varies greatly
across the watershed, and is an important predictor of community assemblage, sites
were chosen that ranged in size from small (i.e. <20 ha) to large (i.e. >100 ha, see
Appendix F, Table F3 for site level details).
4.1.4.5 Wetland Sites
All pre-existing wetland monitoring sites were selected for use in the revised IWMP
study design. These sites were established from 2003-2013, and were originally
selected using the same criteria as forest sites: accessibility, vegetation community
type, spatial distribution across the watershed (i.e. watershed zone and
subwatershed), major surrounding land use and habitat patch size.
Over half of wetland monitoring sites were established (~60%) on public property to
secure access over the long-term. Wetlands throughout the watershed mostly
belong to two of the four community types, marsh and swamp. Wetland sites were
established in these two community types in proportion to their availability across the
watershed and three watershed zones. While most wetland monitoring sites capture
only one of these community types, some plots straddle both and are considered
‘mixed’. Spatially, sites were selected to achieve an even distribution across the
three watershed zones, with consideration for whether they were nested in urban or
rural landscapes. Efforts were also made to establish at least one forest and wetland
site in each of the 23 subwatersheds. Similar to forests, habitat patch size was
considered during site selection, representing small (i.e. <5 ha) to large (i.e. >50 ha)
patches throughout the watershed (see Appendix F, Table F4 for site level details).
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Figure 4-3 Map of IWMP monitoring sites colour-coded by ecosystem and/or driver.
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4.1.5 Timing and frequency of sampling
How frequently a monitoring site is sampled is just as important of a consideration
during the study design process as decisions regarding the location of the
monitoring sites. Because most monitoring programs have to balance the need for
extensive sampling to determine current status versus site revisits to detect trends,
panel sampling designs are often implemented.
A panel design, also known as a revisit plan, outlines the planned long-term visit
schedule for sample sites, where each panel consists of a subset of sites that are
visited in the same year. Panel designs allow a higher sample size without increased
cost; different sites can be visited in different years, increasing the total sample size
over time but maintaining the same number of site visits per year. In addition,
lowering the frequency of visits for individual sites reduces the potential for observer
impacts due to frequent sample visits. The trade-off is that more sample years are
needed at the beginning of the study before trends can be accurately detected.
In most cases, a ‘connected’ panel design is recommended, which ensures a subset
of all sites are sampled in consecutive years. By connecting the panels, the interannual effects can be partitioned out during analysis to separate site effects (e.g.
habitat differences) from year effects (e.g. weather conditions). This type of panel
design, also called an augmented serially alternating panel design, has higher
power to detect trends than designs with no annually monitored sites (Urquhart and
Kincaid 1999). In addition, the serially augmented alternating panel design is robust
with regards to missing data if sites cannot be sampled at the planned time
(Urquhart 2012).
In order to balance the desired power to detect trends with available resources, a
panel design sampling approach was adopted by IWMP. Where historically all
IWMP sites were visited annually, sites are now assigned to one of three panels (i.e.
Annual, Panel A, or Panel B; Table 4-1) and visited according to the established
schedule.

The IWMP panel design includes one annual panel, where sites are visited
every year, and two alternating panels (A and B) where sites are visited every
other year (Table 4-1).

The sampling plan for supporting stream sites includes two alternating biennial
panels (A and B) but no annual panel; an annual panel was not considered
necessary for supporting sites as they essentially function as extra sites in panels A
and B for the four attributes sampled at these sites.
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Monitoring sites were assigned to annual or biennial panels using various criteria.
For integrated stream sites, the sites with the longest monitoring history and with
existing, real-time hydrology gauges were prioritized for inclusion in the annual
panel. The remaining stream sites were divided into panels A and B in such a way
as to ensure even representation of the overall selection criteria (e.g. watershed
zones, stream order, see Appendix F) in each panel. Supporting sites were divided
into panels A and B using similar criteria.
Table 4-1 General schematic of an augmented serially alternating panel design, showing
sampling plan for IWMP monitoring sites over ten years; sites in the annual panel are sampled
annually, whereas sites in panels A and B are sampled in alternate years.
Year
Panel
Annual
A
B

1

2

3

4

5

6

7

8

9

10

X
X

X

X
X

X

X
X

X

X
X

X

X
X

X

X

X

X

X

X

Forests and wetland monitoring sites were generally assigned to annual and biennial
panels using spatial distribution (e.g. watershed zones), and vegetation community
type as criteria, aiming for an even distribution in each year. There are several
attributes for which there are some exceptions to the panel sampling design (e.g.
lungless salamanders and breeding birds); these are summarized in Table 4-2. As
recommended by Shank et al. (2002), 20% of monitoring sites should be on an
annual panel to enable statistical partitioning of spatial and temporal effects.
It should be noted, at each site, all attributes are sampled in the same year
according to panel to facilitate integration. However, there may be exceptions if a
site visit is missed for a particular attribute (see section 4.1.4.1).

IWMPs annual sampling plan (i.e. total number of sites sampled in each year
for each attribute), is summarized in Table 4-3.
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Table 4-2 Exceptions to the panel design, with details on why exceptions are needed for each
attribute.
System:
Attribute

Exception

Details

Climate

•

no sites sampled on panel
design
real-time continuous sampling
at all sites (5 climate stations
and 13 rain gauges)
no sites sampled on panel
design
sample twice per year at all
wells
integrated and supporting sites
sampled on a separate, three
year panel design
no annual sites, panels a, b, & c
no sites sampled on panel
design (for at least first few
years)
sampling is continuous at sites
with real-time flow gauges
(n=27)
sampling several times per year
at sites without real-time flow
gauges (n=12)
integrated sites and supporting
sites sampled on panel design

•

climate stations operated and used by other
programs at CVC, or externally, that require
continuous data or annual data

•

groundwater wells are operated and used by
other programs at CVC that require annual data

•

geomorphology changes happen at a slower
rate, so sites don’t need to be sampled as often
logistics also limit the number of sites that can
be sampled per year
real-time flow gauges are operated and used by
other programs at CVC that require/collect
continuous data
staff gauges will be used at sites without realtime gauges; these require several years of
regular (manual flow measurements) sampling
before possibly moving to the panel design

•

•

Groundwater

•
•

Stream:
Fluvial
Geomorphology
Stream:
Streamflow

•

•
•

•
•

Stream:
Surface water
chemistry
Forest:
Soil Chemistry

•

•

all sites sampled once every 10
years

Forest:
Tree health

•

tree health surveys are
completed every other panel

Forest:
Salamanders

•
•

Forest:
Breeding birds

•
•

no sites sampled on a panel
design
all forest sites are sampled
annually
no sites sampled on a panel
design
all forest sites are sampled
annually

•
•

•

•

•
•
•
•

•

additional sites must be sampled to meet
MOECC requirements for the provincial
PWQMN
used as a general characterization in integrative
analyses, rather than detecting trends over
time
changes occur at slower rates
tree health changes generally occur at slower
rates than other indicators
logistics limit the number of sites that can be
sampled per year
due to the highly variable nature of salamander
populations, recommendations have been
made to survey every year in order to detect
trends at the desired effect size and power
due to the highly variable nature of bird
populations, recommendations have been
made to survey birds every year in order to
detect trends at the desired effect size and
power
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Table 4-3 Specific numbers of sites sampled per year in each attribute in the IWMP sampling
plan, including integrated (annual and panel) and supporting sites as well as the total number
for the year.

System

Climate
Groundwater
Stream

Forest

Wetland

Integrated

Supporting
1
(A or B)

Total per
year

-

-

9

9

22
29

-

-

22
29

22
29

12
15
9

12
-

-

12
27
9

12
39
9

15

12

26 or 27

53 or 54

92

15

13
12

13 or 14
26 or 27

26 or 27
53 or 54

40
92

15
6
6
30
15
6
4

12
12
12
18
6 or 8

26 or 27
-

53 or 54
18
18
30
15
24
10 or 12

92
30
30
30
30
30
18

6
6

12
12

-

18
18

30
30

Attribute

Annual
panel

Alternating
panel (A or B)

Temperature and
Precipitation
Chemistry and levels
Stream Flow – real time
gauge
Stream Flow – staff gauge
Surface water chemistry
Surface water chemistry –
3
MOECC
Surface water
temperature
2
Fluvial Geomorphology
Benthic
macroinvertebrates
Fish communities
Tree Health& Dead Wood
Plant Community
Breeding Birds
Lungless Salamanders
Soil properties
Tree Health & Dead
4
Wood
Plant Community
Frogs and Toads

9

TOTAL
OVERALL

1
The number of supporting stream sites sampled per year is shown as two possible numbers because there are an uneven
number of total sites, giving an unequal division between panels;
2
Fluvial Geomorphology is on separate panels, either A, B, or C, with no annual sites (see Table 4-2);
3
CVC’s partnership with the Ministry of the Environment and Climate Change requires that surface water chemistry be
sampled annually at a number of sites that aren’t included in the annual core site panel (see Table 4-2);
4
Tree health and dead wood monitored only in swamp vegetation communities in Wetland Ecosystems.

4.1.5.1 How to Deal with a Missed Visit
Although the intention is to visit monitoring sites only on the scheduled panel, there
are circumstances where this may not be the case. If a visit to a monitoring site is
missed due to logistical constraints etc., it must be decided on a case-by-case basis
whether the missed site should be visited as soon as possible, or whether to wait for
the next scheduled visit as determined by the panel schedule.
The statistical procedures used to model trends are able to deal with occasional
missed visits, so from a watershed and zone perspective, returning to the site offpanel is unnecessary. However, as the program is also interested in site level trends
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and early warning signals, visiting a monitoring site as soon as possible after a
missed visit may be considered.
If resources allow a visit off panel, without jeopardizing the ability to complete
scheduled monitoring visits, staff are encouraged to do so. However, it is important
to understand that these data may have limited value for integrated analyses as they
will be collected on a different schedule than the rest of the attributes.
4.2

Evaluating the sampling strategy

Once the final study design and specific data analysis framework (Chapter 7.0) were
complete, it was possible to evaluate the power of the design to assess spatial and
temporal trends in the ecological integrity of the Credit River watershed. This power
analysis used estimates of means and variance from long-term monitoring data for
five different VEC in five different attributes, including: fish IBI; surface water WQI;
benthic HBI; wetland vegetation FQI; and, forest breeding bird IBI.
These data were used to determine what range of effect sizes (i.e. the amount of
change) would be detectable over ten years of monitoring at a power level of 90% or
higher for each metric. For example, the minimum detectable effect size for fish IBI
was found to be a change of 6.0 units or 12% over ten years (i.e. 5 complete panels
for most attributes) – in other words, there is an 80% chance of detecting a 6.0 unit
(or 12%) change in the fish IBI over a 10 year monitoring period. Results of the
power analysis are available in Appendix G. Once two complete panels have been
completed for an attribute, the power analysis will be run again with updated means
and variance to ensure the final sampling strategy is in fact able to meet the power
and statistical objectives of the program.
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5.0

DATA COLLECTION AND METHODOLOGIES

Theories come and go, but fundamental data always remains the same.
Mary Leakey (n.d.)

This chapter provides a brief overview of data collection methods for each system
and their associated attributes. This is meant to offer a basic understanding of the
general protocols used for sampling. Detailed protocols will be available in IWMP
Reference Series Volume Two: Data Standards and Information Management. A
summary of data collection frequency and timing is also provided in this chapter
(Table 5-1).
5.1

Climate

Long-term climate information from four stations in the watershed is available online
at the National Climate Data and Information Archive, operated and maintained by
Environment Canada and Climate Change. CVC operates another five climate
stations where temperature, precipitation, wind direction and speed are collected. In
addition, 32 real-time rain gauges operated by CVC (12), City of Mississauga (11)
and the Region of Peel (9) are used to provide only precipitation information.
5.2

Groundwater

5.2.1 Groundwater Chemistry
Water samples are collected during the spring and autumn seasons. The sampling
methodology is guided by the PGMN Long-term Groundwater Quality Sampling
Program – Groundwater Purging and Sampling Procedures protocol (MOECC
2009). The protocol requires samples to be collected from a well after
measurements of field parameters (dissolved oxygen, oxidation reduction potential,
pH, specific conductivity, temperature and turbidity) have stabilized, and three or
more well volumes have been purged for a minimum of one hour. This is to ensure
that the water samples collected are representative of the surrounding aquifer and
environment, and not the standing water in the monitoring well. All samples are
analyzed at the Ministry of Environment and Climate Change (MOECC) or a private
laboratory for dissolved metals (29 parameters) and general chemistry (19
parameters).
5.2.2 Groundwater Levels
Groundwater levels are indirectly measured with Solinst pressure transducer type
water level loggers recording at hourly intervals. The level loggers are suspended
from the top of each well to a depth 1 m lower than the minimum levels observed in
the well. Data are downloaded on a monthly basis. At the same time, static water
levels are manually measured. The manual data are used to verify the accuracy of
the logger reading and used to correct errors due to logger drift. The automatically
recorded and manual groundwater levels are measured relative to a surveyed datum
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at each monitoring well and are converted to elevations in metres above sea level
(mASL). Some locations are comprised of nested wells: one shallow well and
another deeper well, side-by-side, which allow the comparison of groundwater
conditions at different depths and at different hydrogeological strata.
5.3

Stream

5.3.1 Flow
Stream flow is measured using real-time flow gauges that include a pressure headorifice line bubbler system and data logger installed on the bank of the stream. To
verify logger level data, manual water level measurements are regularly taken from
the end of the orifice line, an in-stream pin or a staff gauge. Stage-discharge (or
rating) curves are developed from at least ten discharge measurements at a fixed
control section in the channel, at varying water levels over time. The measurements
should cover the entire range of water levels. Rating curves are used to convert
recorded water levels (CVC uses 15-min interval), which are confirmed/corrected
through a QA/QC procedure to discharges. At some sites, where the nearest realtime station is more distant, an independent staff gauge is installed. At these
locations, a rating curve will be developed and water levels will be recorded from the
staff gauge and converted to discharges. A valid correlation will also be developed
between the selected location and the closest real-time station to assess flows for
the site.
5.3.2 Water Temperature
Water temperature is measured using data loggers that are deployed and monitored
according to techniques developed by the MNRF (Jones and Allin 2010). Water
temperature loggers are attached to aircraft cable and fastened to a permanent
structure or well positioned stake. The logger cable is concealed using bed materials
leaving the logger itself exposed to flowing current. The loggers are placed away
from direct sunlight, in areas with sufficient water over the summer period so that
they are not susceptible to recording out of water temperatures. Temperature data
are recorded every half hour during the summer period (June 1st to August 31st).
Wherever possible, loggers are offloaded twice during the monitoring season, and
are checked monthly to ensure they remain positioned to receive adequate flow.
5.3.3 Water Chemistry
The Provincial Water Quality Monitoring Program (PWQMN) is a partnership
between the MOECC and Conservation Authorities to undertake surface water
chemistry monitoring across the province. CVC collects water chemistry samples 11
times per year (once per month excluding December) at 16 stations through the
PWQMN. CVC supplements this sampling with additional data collection at
integrated stations (CVC-IWMP) that are not part of the PWQMN. CVC-IWMP
tributary stations are sampled monthly (excluding December), while CVC-IWMP
main Credit stations are sampled six times per year (monthly from May to October).
Stations are sampled according to panel (A, B, or annual) with some exceptions. All
stations are analyzed for the same suite of measures and metrics including a range
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of metals, nutrients, bacteria and physical parameters, either at an MOECC
(PWQMN samples) or private laboratory (CVC-IWMP samples). Additional, in situ
measurements of water temperature, pH, dissolved oxygen and conductivity are
made at all stations using a Hydrolab or YSI water quality sonde. The PWQMN data
are compiled into a provincial database that is owned and managed by the MOECC
and is provided to CVC to incorporate with its own records. The CVC IWMP data are
compiled into a CVC database.
5.3.4 Fluvial Geomorphology
Geomorphic data collection consists of detailed assessments at integrated stations
and rapid assessments at all stations. These protocols differ with respect to the level
of detail collected and the time required to complete the assessment.
Detailed assessments are completed every three years between September and
October, and include the following measurements:
•
•
•

Channel dimensions (5 cross-sections that measure channel width and
depth);
Longitudinal profile (stream gradients and planform); and
Bed composition (modified Wolman pebble count).

All cross-sections extend beyond the bankfull elevation into the floodplain and are
monumented for future replication. Channel dimensions, stream profile and planform
are surveyed using a Total Station. All other measurements are taken by hand.
Rapid assessments, consisting of the rapid geomorphic assessment (RGA) and the
rapid habitat assessment (RHA), are completed every four years at supporting
stations and in conjunction with detailed assessments (i.e. every three years) at
integrated stations. The RGA is applied to evaluate stream stability through a
qualitative assessment of stream processes that include aggradation, degradation,
widening, and planimetric form adjustment. The RHA was developed as a means of
rapidly collecting quantitative geomorphic data at locations where the completion of
detailed assessments is not possible (e.g. landowner permission restricts bank
access) or within the scope of the current study design (i.e. at supporting sites). The
RHA also includes an aquatic habitat component (e.g. woody debris, riparian
vegetation, aquatic vegetation), which in combination with the geomorphic data,
provides a holistic view of the factors influencing stream processes and
characterizes the type of habitat available to aquatic biota.
5.3.5 Fish Community
Fish monitoring protocols are based on guidelines presented in the MNRF Ontario
Stream Assessment Protocol Manual (Stanfield 2010), with some slight
modifications. In general, site length reflects at least two meander bends and is a
minimum of 40 m in length. The site is slowly (5-10 sec/m2) sampled by
electrofishing in an upstream and grid-like fashion with the stunned fish recovered in
73

Integrated Watershed Monitoring Program Reference Series Volume 1: Program Overview and Monitoring Plan

dip nets, and taken to shore for measurements. All fish are sorted by species,
counted, and weighed. Minimum, maximum, and average lengths are sub-sampled
with all fishes returned to the stream except for a few specimens retained to confirm
identification. Stream width and length are measured at 10 locations along the
stream station to calculate the area sampled. Stations are sampled once between
June and August.
5.3.6 Benthic Macroinvertebrate Community
Benthic macroinvertebrate samples are collected once in July or August
representing the period during which these organisms are under the greatest stress
due to baseflow conditions. Stressors include: low water levels, high water
temperature, increased contamination concentration and greater bacterial and algal
growth. The collection method involves transect (i.e., bank to bank) kick and sweep
samples using a D-frame net. Three transects are selected that enclose a full stream
reach (minimum of two meander bends) and represent at least one pool- and two
riffle habitats following the Ontario Benthos Biomonitoring Network protocols (Jones
et al., 2007). Samples are preserved in the field and a minimum of 100 individuals
from each transect are sorted in the lab following a standardized subsampling
protocol. Samples are delivered to an independent taxonomist for identification to
the lowest practical levels using current taxonomic literature. Analyses are typically
performed on the data set obtained from pooling the three transects resulting in a
minimum of 300 individuals per site.
5.4

Forest

5.4.1 Soil
Forest soil monitoring protocols are based on those established by EMAN (EMAN
2004) and by CVC. Soil moisture and temperature data is gathered at forest sites
using probes which are permanently installed in the soil. Hourly readings of soil
moisture (m3/m3) are collected and averaged over a 20 cm depth of soil, roughly
corresponding to the rooting zone. Hourly readings of soil temperature (°C) are
collected at a 10 cm depth. Data are downloaded from the field loggers twice per
year. Soil organic matter, pH and nutrient concentration are obtained by taking in
situ soil samples followed by laboratory analysis once every 10 years. Soil is
sampled from the rooting zone at each of the four sides of the forest monitoring plot
and combined for a composite sample. The samples are shipped to the University of
Guelph Soil and Nutrient Laboratory for processing.
5.4.2 Tree Health and Dead Wood
Forest tree health monitoring follows modified plot-based methodologies developed
by EMAN (Roberts-Pichette and Gillespie 1999) and MNRF (Anderson and Rice
1993). Forest monitoring plots cover a 400 m2 (20 x 20 m) area. All trees within the
400 m2 area with a diameter at breast height (DBH) of ≥10 cm are assessed for
crown class, crown vigour, presence of stem defects, and overall tree health. Dead
wood monitoring follows modified plot-based methodologies developed by EMAN
(Roberts-Pichette and Gillespie 1999) and MNRF (Bellhouse and Naylor 1996).
74

Integrated Watershed Monitoring Program Reference Series Volume 1: Program Overview and Monitoring Plan

Downed woody debris (DWD) is assessed along two 50 m transects adjacent to the
plot. All downed wood that intersects the transects with a diameter of ≥7.5 cm are
identified to species if possible and assessed for decomposition class, presence of
moss and evidence of wildlife. Tree health is measured once every two to four years
in the fall, while DWD is measured once in May, according to the panel visit
schedule.
5.4.3 Plant Community
Forest vegetation monitoring follows plot-based methodologies developed by EMAN
(Roberts-Pichette and Gillespie 1999). Five permanent subplots are located within
and around the greater 400 m2 plot used for tree health. Each subplot consists of a 1
m2 area where herbaceous ground vegetation is monitored (species identification
and per cent cover), centred within a 4 m2 area where tree regeneration is monitored
(species identification and height class). Overall plant richness is assessed within
the entire 400 m2 area using a 20 minute time-constrained walkthrough. Canopy
cover measurements are also recorded. Surveys occur once in May.
5.4.4 Breeding Bird Community
The relative abundance of forest breeding bird species is estimated by following
Environment Canada’s Ontario Forest Bird Monitoring Program (Konze and McLaren
1997). Unlimited distance point-count surveys are conducted annually at one to five
permanent point-count stations at each of the forest sites. One station is located in
the centre of the vegetation monitoring plot, with all other points separated by at
least 250 m to avoid double-counting the same individuals. Each station is visited
twice during the breeding season between late May and late July. All birds heard or
seen during the 10 minute point count surveys are counted, identified to species,
and where possible, notes on breeding status and/or bird behaviour are recorded.
5.4.5 Salamander Community
Salamander monitoring protocols are based on those established by EMAN (Zorn et
al. 2004) and by the MNR (Sugar et al. 2001). Forty modified boards are located at
selected sites (15 in total) in a grid formation. The boards are established in the
general vicinity of the permanent vegetation plot, in suitable salamander habitat.
Surveys are conducted three times annually in the spring, between April and May
when salamanders are looking for breeding areas. Surveys are completed in the first
five weeks following winter thaw. A minimum of 7 days is required between visits
with temperatures on survey days above 5oC. Each salamander encountered under
a board is identified to species and measured. Other wildlife found under the boards
are also recorded as well as weather conditions at the time of survey. Salamanders
are returned to the boards once measured.
5.5

Wetland

5.5.1 Tree Health and Dead Wood
Wetland tree health monitoring follows modified plot-based methodologies
developed by EMAN (Roberts-Pichette and Gillespie 1999) and MNRF (Anderson
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and Rice 1993), and is completed only in treed swamps (i.e. no tree health
monitoring in marshes or wet meadow habitats). Wetland monitoring sites consist of
a 10 x 50 m plot, centred along a 50 m transect which follows the wetland’s
hydrological gradient from dry to wet. In treed swamps, all trees within the 500 m2
area with a DBH of ≥10 cm are assessed for crown class, crown vigour, stem
defects, and overall tree health. Dead wood monitoring follows modified plot-based
methodologies developed by EMAN (Roberts-Pichette and Gillespie 1999) and
MNRF (Bellhouse and Naylor 1996), and similar to tree health, is completed only in
treed swamp communities. Downed woody debris is assessed along two 50 m
transects adjacent to the plot. All downed wood that intersects the transects with a
diameter of ≥7.5 cm are identified to species if possible and assessed for
decomposition class, presence of moss and evidence of wildlife. Tree health is
measured once every two to four years in the fall, while DWD is measured once in
July to August, according to the panel visit schedule.
5.5.2 Plant Community
Wetland vegetation monitoring follows modified plot-based methodologies
developed by EMAN (Roberts-Pichette and Gillespie 1999). Wetland monitoring
sites contain 12 permanent paired subplots spaced 10 m apart, established along
the 50 m linear transect centred within the greater 500 m2 plot. Each subplot
consists of a 1 m2 area where herbaceous ground vegetation is monitored (species
identification and per cent cover), centred within a 4 m2 area where tree and shrub
regeneration is monitored (species identification, per cent cover and height class).
Canopy cover measurements are also recorded. Surveys occur once from June to
August.
5.5.3 Frog and Toad Community
The relative abundance of breeding frogs and toads present at monitoring stations is
estimated following protocols developed by the Marsh Monitoring Program (MMP;
Konze and McLaren 1997). Wetland plots are surveyed three times per year during
the amphibian breeding season between April and the end of July. Surveys begin
one half hour after sunset and end by midnight. Night-time air temperature should be
greater than 5 °C for the first survey, 10 °C for the second survey and 17 °C for the
third survey. Survey stations consist of a 100 m radius semi-circle based around a
point. All calls heard during the three minute surveys are identified to species and
one of three call levels is assigned, where a higher call level refers to a greater
number of calling frogs or abundance. Temperature, average wind speed and
relative humidity are also recorded.
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Table 5-1 Frequency and timing of data collection by monitoring attribute. Climate measures
included for reference purposes.
System/Attribute
Climate
Temperature, Wind
Precipitation
Groundwater
Water Levels
Water Chemistry
Stream
Flow
Water Temperature
Water Chemistry
Fluvial Geomorphology
Fish Community
Benthic
Macroinvertebrate
Community
Forest
Soil Temperature &
Moisture
Soil Chemistry
Tree Health
Downed Wood
Plant Community
Breeding Bird
Community
Salamander Community
Wetland
Tree Health
Downed Wood
Plant Community
Frogs and Toad
Community

Frequency

Timing

Every 5-15 minutes
Every 5 minutes

January-December
January-December

Hourly
Twice per year

January-December
Spring and Autumn

Every 15 minutes
Every half an hour
11 times a year (Integrated Tributary Sites)
6 times a year (Integrated Main River Sites)
Once every 3 years (Integrated Sites)
Once every 4 years (Supporting Sites)
Once per year (Annual Sites)
Once every two years (Panel Sites)
Once per year (Annual Sites)
Once every two years (Panel Sites)

January-December
June-August
January-November
September-November

Hourly

January-December

Once every 10 years
Once every 2-4 years
Once per year (Annual Sites)
Once every two years (Panel Sites)
Once per year (Annual Sites)
Once every two years (Panel Sites)

May
October

Twice per year

May-July

Three times per year

April-May

Once every 2-4 years
Once per year (Annual Sites)
Once every two years (Panel Sites)
Once per year (Annual Sites)
Once every two years (Panel Sites)
Three times per year (Annual Sites)
Three times every two years (Panel Sites)

July-August

June-August
July-August

October
May

July-August
July-August
April-June
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6.0

INFORMATION MANAGEMENT, ARCHIVING AND MAINTENANCE

Data that is loved tends to survive.
Kurt Bollaker (n.d)

This chapter provides an introduction to the key components of data management
and outlines the goals and objectives of the IWMP data management system.
Details of the IWMP data management system are located in IWMP Reference
Series Volume Two: Data Standards and Information Management.
6.1

Introduction to Data Management

In environmental databases and decision support systems, data quality and its
associated errors are all too often neglected, resulting in data being used
inappropriately (Chapman 2005). This can lead to erroneous results, misleading
information and unwise decision-making. A commitment to the collection and
maintenance of high quality monitoring data over the long-term is necessary to
ensure that proper management decisions can be made.
Successful monitoring programs develop and implement procedures that ensure
data are complete, accurate and available for interpretation, analysis and reporting
by different users (Sutter et al. 2015). In addition to documenting the protocols,
implementation of the procedures relies on the establishment of clear roles and
responsibilities, and allocation of resources to the various processes.
IWMP is currently developing and documenting procedures that result in wellregulated processes to manage data, analyze and report results in Reference Series
Volume Two. Principles of information management will be built into all aspects of
the monitoring workflow, from collection to reporting.

Database creation, refinement and maintenance activities are actively
underway to ensure all data are housed in a manner that balances the need for
security and accessibility. File management (electronic and paper) and
standardization of metadata are also key aspects of information management
that are being addressed.
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Training of staff in the implementation of all new and revised protocols related to
data management, analysis and reporting, as appropriate, will continue.
Furthermore, resources will be allocated to ensure the developed procedures are
implemented, maintained and reviewed when necessary.
6.2

Data Management Objectives and Strategies

6.2.1 Objective
The objective of the IWMP data management system is to ensure the quality,
interpretability, security, longevity and availability of data collected and/or managed
by the program (Box 1). Quality assurance and quality control measures will be
implemented at all stages of the program including project development, data
collection and entry, summary and analysis, reporting and archiving. This objective
will be met by undertaking the following strategies:
•
•
•
•
•
•
•
•
•

Develop and execute a strong quality assurance and quality control program;
Maintain metadata for all data to ensure interpretability;
Develop and maintain databases for effective data storage;
Ensure that data are logically organized and retrievable;
Back-up digital data routinely and store paper files appropriately to ensure data
security and longevity;
Identify sensitive data (personal information, species at risk, etc.) and protect
them from unauthorized access and inappropriate use;
Ensure digital data are secure from accidental/unauthorized changes and
deletions;
Ensure that all data are archived according to established guidelines; and
Create and maintain effective and accurate database queries and reports to
optimize data sharing.

Box 1: Definitions relevant to information management
Data Quality: generally refers to the fitness of use of data. Data are of high
quality if they are fit for their intended use.
Quality Assurance: is based on standards external to the process and is the
reviewing of the activities and quality control processes to insure that the final
products meet predetermined standards of quality.
Quality Control: is based on internal standards, processes and procedures
established to control and monitor quality.
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7.0

ANALYSIS

The goal is turn data into information, and information into insight.
Carly Fiorina (n.d.)
IWMP is designed to analyse, interpret and report on ecosystem status and trends to
inform decisions related to resource management and strategy development. This
chapter briefly describes how monitoring data are analyzed in IWMP to address
program goals, with a focus on four levels of data analysis (Figure 7-1):
1) Data summarization and exploration;
2) Status determination;
3) Trend evaluation; and
4) Integration and synthesis.
This chapter concludes with an analysis scheme that will be implemented in IWMP.
Detailed descriptions of how analyses are completed and how results will be
interpreted are provided in IWMP Reference Series Volume Two.

Figure 7-1 Four levels of data analysis completed by the Integrated Watershed Monitoring
Program.
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Analysis can be described as the process by which data are turned into
meaningful information; from data summarization and exploration to analytical
procedures that lead to interpretations and conclusions of ecosystem condition.

7.1

Data summarization and exploration

7.1.1 Data Summarization
Data are rarely analyzed in the same form in which they are recorded in the field.
Before any data analysis is carried out, some amount of summarization is usually
necessary. This step generally involves converting a measure into a metric or
indicator which is then used in more complex analyses. Although raw data and
values may be relevant and useful to the scientific community, resource managers,
policy developers and the public are more interested in information that is simple
and more synthesized (Figure 7-2).
Within the context of IWMP, data summarization can include:
1. Converting raw data from a database query into a usable format;
2. Calculating average values for data collected multiple times within a year;
and
3. Creating a more complex metric or indicator from one or more measure.

Figure 7-2 Model illustrating increasing data refinement and synthesis for biotic attributes as it
relates to a range of audiences from those that are scientific to non-scientific.
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It is recommended that analysis of both individual metrics and multimetric
indices occurs, with a different emphasis on each type depending on the
audience.

7.1.2 Data Exploration
Once the data have been summarized, the next step is data exploration. Data
exploration includes using a variety of different graphing techniques to explore the
shape of the data (e.g. range, variance) as well as how different metrics might be
related. In IWMP, histograms and dotplots are used to examine the range and
distribution of a continuous variable. Scatterplots and boxplots are used to explore
how a response variable varies with year or zone, respectively. All of these methods
are used to identify whether the data include outliers (naturally, due to data entry
errors or equipment malfunction); whether the data may need to be transformed, or
whether non-linear relationships exist between year and the response variable.
7.2

Status Determination

Status is the evaluation of the condition of a VEC at one point in time. Status is
evaluated at the metric and/or indicator scale to reflect the condition of a site or
station. Generally, to assign a status to a VEC, its current condition is compared to
an established threshold or target.

Assessing status involves analyzing the data for each discipline from one year,
and asking the following questions:
•
•
•

what is the current status of indicator conditions in the study area?
how do these current conditions relate to established thresholds of
integrity?
are there significant spatial differences in status (i.e. among zones)?

7.2.1 Evaluation of status
Once indicators and metrics are calculated from monitoring data they are compared
to thresholds or targets to evaluate status. For each indicator and many metrics,
monitoring thresholds have been established by IWMP. These monitoring thresholds
are ecologically based values, used to assess the status and overall integrity of an
ecosystem component. Monitoring thresholds are used to provide a qualitative
description of the status of an ecosystem component such as excellent, fair or poor
(Table 7-2).
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Thresholds for IWMP were established in one of three ways:
1) Published papers with biologically relevant values appropriate for the
locale;
2) Expert opinion; or
3) Reference data from which thresholds based on variable ecosystem
condition could be extracted.
Some abiotic indicators, such as water quality parameters, have monitoring targets
based on environmental or human health concerns, for which an exceedance would
trigger a specific action or response. Both thresholds and targets provide a
measurable goal towards which resource managers can work to maintain or
enhance natural heritage features and functions in the Credit River watershed.
However, in the case of some targets, the response is often guided by specific policy
and legislation.
Once status is evaluated for VEC at each site, spatial differences among zones may
be evaluated using analyses analogous to traditional linear models (e.g. ANOVA,
linear regression).
Table 7-1 An example of indicator status description as related to monitoring thresholds or
targets.

Indicator Status
Excellent
Good
Fair
Marginal
Poor
Undetermined

Status Description
Stable and unimpaired, with indicators
meeting desired levels and representing high
integrity conditions.
Secure, relatively unimpaired conditions.
Indicators mostly meet desired levels.
Mostly unimpaired conditions, with some
minor issues of concern.
Compromised conditions that warrant concern
and should be evaluated further.
Conditions degraded and likely require some
intervention to return to a less impaired state.
Insufficient data to evaluate status.
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7.3

Trend Evaluation

A trend is a change over time of the condition of an ecosystem component. Trends
may be stable (no change), positive or negative, and their impacts to integrity (e.g.
improvement or decline/deteriorate) can be evaluated based on movement towards
or away from an established ecological threshold. Trend analysis in combination with
status evaluation is an important part of identifying emerging threats and early
warning signs that could trigger a response in the management of natural heritage
features throughout the watershed.

Assessing trends over time involves analyzing data for each discipline from
multiple years, and asking the following questions:
•
•
•

have indicator conditions changed significantly over the monitoring
period?
are conditions improving, declining, or staying the same (within natural
variability)?
if there is a significant trend over time, how large is the effect, and is it
ecologically meaningful?

The number of data points necessary to accurately assess whether a significant
temporal trend exists, increases with increasing variability in the response variable.
Therefore generalizations about the number of points needed across a broad range
of monitoring attributes are not possible. However, trends over time should not be
assessed with less than five years of data (Field et al. 2007). Trend analysis on
data sets with small numbers of data points will be heavily influenced by
measurement error and/or natural variation in the data, and therefore should not be
considered accurate reflections of ‘true’ trends until additional years of data are
available to confirm the results.
7.3.1 Evaluation of trends
There are two types of changes that may be of interest in a monitoring program:
1) Change in status from one period of time to another; or
2) Directional change in a monitoring metric or indicator over time.
7.3.1.1 Change in status
To determine if on average, the status of a metric or indicator has changed from one
specific and pre-defined monitoring period to the next, there are two general
approaches that may be appropriate. Dobbie et al. (2006) recommend using a
paired t-test, ANOVA or its non-parametric equivalent. This option involves grouping
years into equally sized time intervals, for which an average status is calculated. The
average status for the selected time intervals are then compared using the
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appropriate above mentioned tests. For IWMP, intervals should include 4-6
observations of an attribute at a particular site.
7.3.1.2 Change in trend over time
Detecting trends over time can involve different types of analyses, depending on the
response variable or VEC. In IWMP, generalized linear mixed models (GLMM) are
recommended for univariate analyses of a single metric or indicator (e.g. bird
species abundance, phosphorus concentrations).
Generalized linear mixed models are well suited for ecological monitoring data
because: 1) they allow for response variables with non-normal error distributions,
such as proportions and count data, and 2) information can be built into the models
that address sampling issues specific to long-term monitoring programs such as
repeated visits to the same sites over time, or missed panel visits. For IWMP, most
GLMMs include monitoring station as a random effect, and the terms year and zone
as fixed effects.
7.4

Integration

The third goal of IWMP is to assess relationships between attributes, to understand
overall ecosystem integrity.
When testing status and trends over time for a subset of abiotic parameters or
community of organisms, a multivariate analysis such as ordination or multiple linear
regression is necessary. Ordinations or other distance based analyses assess
similarity between site conditions based on similarity in species assemblage. In
addition, ordination and multiple regression analyses can be used to assess the
relationship between environmental variables (e.g. temperature, pH) and species
assemblage.

Integrative analyses involve looking at status and trends of multiple attributes
concurrently and asking the following questions:
•
•
•

how are status and trends related between attributes?
can conditions in one attribute be used to explain conditions in another?
do multiple attributes exhibit a significant change in conditions at the same
time or place? Can this be related to a parameter measured by IWMP
(e.g. water chemistry), or outside of IWMP (e.g. dissolved oxygen,
endocrine disrupters)?
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7.5

Statistical Objectives

Because decisions about statistical parameters influence study design, methods
used to evaluate status and trends, and ultimately the confidence with which results
are reported, statistical objectives were established for IWMP.

IWMP is designed to meet the following statistical objectives:
1. To be able to detect with at least 90% certainty, a 10% change over a
10-year period, in attribute condition at the watershed and watershed
zone scales; and
2. To be able to detect with at least 90% certainty, a 20% difference
between watershed zones in an attribute after one complete panel of all
monitoring stations is complete (i.e. 2 years for most attributes).

Because one of the primary purposes of a monitoring program is to provide an early
warning function that identifies changes to ecosystem status, the statistical
objectives were designed to minimize both Type I and Type II errors (Gibbs et al.
1998, Field et al. 2007). These objectives formed the basis of IWMPs study design,
ensuring that the desired goals and objectives of the program would be met.

7.6

Analysis Scheme

The following section outlines who is responsible for undertaking the different levels
of analysis and generally, how the results will be reported or shared (Table 7-3). It is
important to note that long delays in analysis and reporting are often a result of
inadequate planning and lack of resources for these essential components.
Therefore analysis should be ongoing. This information is meant to complement
information related to the communication of results (Chapter 8.0).
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Table 7-2 Summary of the levels of analysis required for different monitoring products with
information on staff responsible for undertaking the analyses.
Level of Analysis

Report (s)

Description of Techniques

Responsible Staff

Data
Summarization

Data warehouse
Annual report
Biennial Report

-technical support staff
responsible for QC and
data summaries under
guidance of attribute
lead.

Status & Condition
Determination

Annual report
Biennial report

Trend Evaluation

Data warehouse
Trend reports
Bulletins
Technical reports

Integration,
Synthesis & tool
development

12 year report
Technical reports
Bulletins

Initial screening of data and calculation of basic
statistics includes:
- identification of missing values and outliers
-visual inspection of data
-measures of central tendency and confidence
-calculation of metrics and indices
Analysis and interpretation of the status of
valued ecosystem components to answer:
-do observed values exceed thresholds or
targets?
-what is the condition of valued ecosystem
components and monitored ecosystems?
-how does current condition compare to
historical condition and natural variability?
-how do conditions change spatially throughout
the watershed?
-what are reference conditions?
Analysis of trends over time to answer:
-have valued ecosystem components changed
status over time?
-is there a directional change in component
values over time?
- are trend rates and direction changing from
one period to another?
-are the observed changes ecologically
significant?
-what is the estimated rate of change?
- are there emerging threats or issues of
concern?
-is a response (management or strategy)
necessary?
Examination of patterns across valued
ecosystem components (e.g indicators and
metrics of different attributes)to answer:
-do attributes respond in similar ways spatially
and temporally (e.g. ordinations)?
-what are the different stressors causing
observed changes?
-how should change be evaluated (e.g. indices)?

-technical support staff
work with main analyst
and leads to assign
status and assess spatial
differences.
-main analyst and leads
compare current
condition to natural
variability and identify
reference conditions.
- main analyst and leads
undertake the analyses
with some support from
other staff where
appropriate.

- main analyst and leads
undertake the analyses
with some support from
other staff where
appropriate.
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Box 2: Definitions relevant to statistical analysis
Univariate Analysis: used to describe how a single variable responds to one or
more predictor variables.
Multivariate Analysis: used to describe how more than one variable responds
to one or more predictor variables. Multiple response variables are analyzed
jointly in a multivariate analysis.
Generalized Linear Models: a common alternative to linear regression when
response variables have non-normal error distributions, as found with proportion
or count data.
Ordination/Distance-based Analysis: used to reveal patterns in data consisting
of multiple potentially inter-related response variables (e.g. species), that could
not be explained by analyzing each response variable independently.
Type I Error: known as a false alarm, it occurs when an effect or change is
reported in the monitored system that in reality did not occur. It is reported as a
percentage, denoted as α, critical or p-value.
Type II Error: known as a missed signal, it occurs when an effect or change is
not detected that has in fact occurred in the monitored system. It is reported as a
percentage, denoted as β.
Power: is the probability that an effect or change will be detected when it occurs.
It is reported as a percentage, denoted as (β-1). Power of a study is calculated
using sample size, effect size and α value. Higher percentages indicate higher
statistical power of a study. Power of a study can be modified with special
consideration of selected statistical analyses, and study design aspects (station
locations, monitoring frequency, sample size, effect size and selection of
monitoring attributes).
Effect Size: is the magnitude of change, often reflecting how much the results
diverge from the mean, median or previous value.
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8.0

COMMUNICATING RESULTS

The two words ‘information’ and ‘communication’ are often used
interchangeably, but they signify quite different things. Information is
giving out; communication is getting through.
Sydney J. Harris (n.d.)

Communication of results from long-term monitoring programs is necessary to
update partners and stakeholders, identify emerging issues, inform management
decisions and policy development, initiate actions (as per AEM) and advance
scientific knowledge. Programs that do not frequently use and communicate their
data run the risk of losing perceived value in the eyes of stakeholders and funding
agencies or of overlooking ecological problems. Therefore, sharing data and results
from IWMP with internal and external partners is a high priority for the program. This
chapter briefly discusses how IWMP results will be shared both internally and
externally to reach the target audience (s).
8.1

Audiences

The effective communication of results requires data refinement and analysis so that
it can be synthesized and reported at a level that is informative to the target
audience. While scientific audiences and practitioners may be interested in raw data
and highly detailed technical reports, non-scientific audiences such as NGOs, policy
makers and board members may prefer more synthesized reports including highlevel messaging and graphical representations of key results (Figure 8-1).
Recipients of IWMP communications can be further divided into internal (i.e. within
CVC) and external audiences. Within CVC, reports may be intended for
communication at the level of the program (e.g. IWMP), department (e.g. Watershed
Management), or organization (e.g. all of CVC). External recipients of IWMP
communications may include various types of stakeholders including: other
conservation agencies; municipal partners; government partners; agency partners;
NGOs; academics; developers; consultants; landowners; and, members of the
public. It is important to note that although some external reports are written with a
specific type of stakeholder in mind (e.g. the City of Mississauga); once a document
is released externally it may be shared with various other audiences. Therefore,
products aimed at an internal CVC audience may undergo a different review process
from those produced for external partners. In partnership with CVC’s Communication
Division, a review and sign-off process for the various proposed products will be
discussed and documented in IWMP Reference Series Volume Three.
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Figure 8-1 Information pyramid detailing types of communication products, starting with
complex and detailed data of interest to scientific audiences, with increasing levels of data
refinement resulting in synthesized products appropriate for non-scientific, less technical
audiences.

To facilitate information sharing and efficient use of resources, the intended
audience should be clearly defined before work begins on a communication product.
A general rule is to target technical scientific communication towards someone
knowledgeable about the field but not familiar with the details of the work. Data
collection and analysis methods should be briefly summarized, with reference to
more detailed documents. General, non-scientific audiences will require less
background information, with more emphasis on the relevance and implications of
the results. Also, the tone, language and general terms used in the two types of
products must be audience appropriate.
8.2

Types of Communication Products

Monitoring results can be communicated in both oral and written formats. Effective
communication depends on understanding the message, or the purpose of the
product, and, as mentioned above, the audience for which it is intended. Keeping
these factors in mind while preparing a product will help ensure that the appropriate
style, level of detail, and language are used in the communication product. These
products are then more likely to be used to inform management decision-making
and strategy development.
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Four categories of communication product have been identified for IWMP, grouped
according to the target audience and level of synthesis:
•

•

•

•

Raw data in the form of spreadsheets, summaries and GIS products (maps)
are intended for scientific audiences that are interested in interpreting the data
for their own purposes. Although currently provided to the interested parties
through data-sharing agreements, an open data warehousing system may be
an efficient way to share this highly desired primary information;
Analysis and synthesis reports are technical reports aimed at the scientific
community and general practitioners. These include complex analyses and tool
development, written in the style of a scientific journal article, or detailed
methodology documents. Long-term monitoring reports analyzing spatial and
temporal trends should be completed at the very least every 12 years (i.e.
completed once at least five additional data points have been collected for an
attribute), with other reports produced on an ‘as-needed’ basis (e.g. if a
noteworthy trend has been detected);
Summary reports are completed every one to two years following data
collection, and include descriptive statistics at the watershed and watershed
zone scales. Aimed at a non-scientific audience, these reports may also
summarize special findings or provide high-level information on monitoring
stations based on status and trends. Information from the summary reports can
be used to guide analyses and tool development in the analysis and synthesis
category; and
Strategic messaging products communicate high-level, key messages
extracted from IWMP to inform and motivate non-scientific audiences, including
policy makers, land managers and the general public. Messages may list
threats or emerging issues, management recommendations or special outliers
of interest. Although the strategic messages are high-level in nature, they are
based on sound science and rigorous analysis. These products should be
completed on an ‘as-needed’ basis.

Appendix H describes the purpose, audience, frequency and authors of common
methods of communicating IWMP results. The list of communication products can be
refined over time based on details outlined in a communication plan and shifting
program goals and objectives.
Importantly, staff communicating results will have training in the preparation and
delivery of presentations, analytical thinking and writing for different audiences. This
will ensure that products are appropriate for the intended audience, conclusions are
not extended beyond data scope, and management recommendations relate directly
to results presented.
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8.3

General Considerations

8.3.1 Style
Reports will adhere to the guidelines outlined in the CVC Caps & Spelling Style
Guide, which applies styles and standards based on the Canadian Oxford Dictionary
and Canadian Press Style Book. Adherence to this guide will maintain consistency
and accuracy in spelling, grammar, capitalization, and formatting. In addition, it is
recommended that glossaries or acronym lists be used when reports contain many
discipline-specific words or acronyms.
8.3.2 Regular reporting of results
Simply sharing monitoring information does not result in knowledge transfer and
exchange. Effective knowledge transfer motivates groups to use the information
provided, improving the likelihood that it will be applied during decision making
procedures. Successful knowledge transfer and exchange also encourages the
development of collaborations among parties with similar goals and objectives to
improve efficiencies and create richer multidisciplinary products.
8.4

Communication plan

Monitoring staff held meetings with internal audiences from all departments to
discuss their desired communication and analysis products. Based on these
meetings, as well as continued consultations with external partners, a framework for
regular reporting of results is being developed and documented in IWMP Reference
Series Volumes Two and Three. The framework includes details about information
needs, format, style and frequency. Implementation of the framework will ensure that
monitoring staff deliver information in a useable format that is appropriate for the
intended audience. Continued consultations with both internal and external clients
will ensure that IWMP is producing results in a format and frequency that is relevant
and usable to ensure management action can occur to effect change in the
ecological integrity of the Credit River watershed. Future work-planning will be based
the information contained in this communication plan.
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9.0

ADMINISTRATION AND BUDGET

You can’t build a great building on a weak foundation. You have a
solid foundation if you’re going to have a strong superstructure.
Gordon B. Hinckley (n.d.)

9.1

Administration

In order for a long-term monitoring program to be successful, there must be strong
corporate and partner support. The backbone of any program is to hire the right staff
for the job and ensure there are enough funds to implement and sustain aspects of
the program as designed. This chapter outlines the ideal staffing structure and
budget allocations for an ecological monitoring program. As a reference for similar
monitoring programs the chapter describes the staffing structure and budget as it
applies to IWMP.
9.1.1 Staff Outline
The staffing structure at each organization can vary depending on their budget,
expertise or corporate structure. Whether they are a large or small organization,
there are a minimum number of roles that must be met to ensure the implementation
of a successful program. The following is a description of these roles:
•

•

•

Manager/Coordinator: provides overall direction for the program, including
strategic direction, project and budget management. This individual is the face
of the program both internally and externally, and is responsible for ensuring
the program runs smoothly from data collection through to data management,
analysis and reporting;
Attribute Leads: are responsible for guiding decisions involving monitoring
attributes, as they relate to their area of expertise. They lead for example,
protocol development, statistical analysis, tool development and communication
of results, with the most up-to-date science. A lead could be responsible for a
system, attribute or multiple attributes, in addition to functional aspects of the
program. In IWMP, one of the leads also provides major support to program
logistics (i.e. data collection, landowner contact, daily staffing/equipment
needs);
Lead Analyst: provides statistical support to all staff involved in the monitoring
program, oversees and conducts multi-year analyses and reporting, and leads
study design for the program so data are collected in a repeatable and rigorous
fashion. This individual ensures monitoring data are converted into useable
and meaningful products, by applying the most appropriate analytic tools,
regularly and in a timely fashion. The lead analyst may be an attribute lead,
however, most of their time is allotted to analyzing and interpreting the data
collected by the program;
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•
•

Technical Support: provide support in data collection, equipment
maintenance, data management, analysis and reporting; and
GIS/IT Support: lead the creation and maintenance of databases and
geospatial layers. These data custodians work in close collaboration with the
manager/coordinator and attribute leads to manage data and program
information.

The IWMP staffing structure is currently comprised of one senior manager, one
program manager, and many staff across several departments at CVC. The division
and program managers supervise many but not all the staff involved in the
implementation of IWMP. Because staff from multiple departments and divisions are
involved in the program, regular communication and integration of priorities and work
plans is important.
The current number of staff involved in IWMP and their full-time equivalent status
based on IWMP budget allocations is noted in Table 9-1.
Table 9-1 IWMP staffing and full-time equivalent

Position
Division Manager
Program Manager
Attribute Leads
Technical Support
GIS/IT

Number of
people

Full-Time Equivalent
Status*

1
1
7
8
4
TOTAL

0.1
0.5
2.2
6.9
0.4
10.1

* Per 2017 IWMP budget (reflects allocations, not actual functions)

CVC staff that play an important role in the success of IWMP that are not allocated
to the IWMP budget include:
•
•
•

Volunteer Coordinator: organizes the volunteers for IWMP support such as
electrofishing, and other field and office tasks as appropriate;
Vehicle Manager: liaises between CVC staff and fleet coordinators at the
Region of Peel to maintain monitoring vehicles; and
Advisory Staff: provide input to IWMP and vice versa on program design and
results. These staff may include attribute experts from other programs, divisions
and departments such as Watershed Transformation or Watershed
Management.

All staff involved in IWMP work on a variety of programs and projects to achieve
corporate goals and priorities, therefore regular IWMP meetings are held to update
each other on items such as administration (i.e. budgets, work plans), data
management, status and trends, and integration.
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9.1.2 Budget
Similar to the staffing plan, the budget allocated to a monitoring program will vary
depending on the size of the organization and program objectives. However, to
ensure success of a long-term monitoring program, sustained funds are necessary.
These ongoing funds must be sufficient to support rigorous and repeatable data
collection, information management, up-to date analysis and the production of
meaningful communication products. Whether the work is completed by internal or
external staff, an organization must be prepared to spend approximately half of their
funds on data collection, information management and administration, and the other
half on analysis and reporting. Decisions related to the appropriate allocation of
available funds to the various activities are just as important as securing the funds
themselves.
CVC has recognized the importance of IWMP by supporting it through its operational
fund – i.e. IWMP is recognized as CVC core business. The operational fund is paid
for by the municipalities in our watershed. The IWMP also leverages its resources by
seeking funding opportunities, creating partnerships, and finding cost efficiencies in
materials, supplies and services.
The budget for the program is approximately $1 million (2017). Figure 9-1outlines
the breakdown of the budget with staffing (82%) and operational (18%) costs.

Figure 9-1 Budget allocation based on 2017.
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10.0 IMPLEMENTATION OF IWMP

Monitoring information is wasted if it is not analyzed correctly,
archived well, reported timely or communicated appropriately.
Gibbs et al., 1999

This reference document has focussed on describing the process of designing a
scientifically rigorous and cost-effective long-term monitoring program at CVC
following a program review and reform. One of the biggest challenges for any
monitoring program is to ensure that the potential conservation, scientific and social
benefits are realized throughout the lifetime of the program. Although sound
statistical design and analytic approaches are an essential foundation of a credible
and reliable monitoring program, institutionalization (Box 2) must occur to ensure
long-term success of that program.

Box 3: Definition of institutionalization
“The term "institutionalize" implies broad acceptance of the program as
an integral part of an agency’s operation. Mere longevity does not
constitute institutionalization. To be truly institutionalized, a monitoring
program needs to be sufficiently and formally integrated into the key
operations (e.g., decision-making and planning), such that it helps the
agency achieve its mission and goals.”
Fancy and Bennetts, 2012

This chapter will discuss the key components of implementing and
institutionalizing a scientifically credible program at CVC, focussing on relevance,
reliability and commitment. The discussion will include how key components have
already been addressed to build a strong program, and lists additional components
that are currently underway to ensure IWMPs mission statement and goals (Chapter
1.0) are achieved. Main recommendations and strategies for implementation are
summarized in Appendix I.
10.1 Relevance
In order to effectively integrate results from a monitoring program into an institutional
framework, information collected and deliverables produced must be relevant to the
resource managers and partners that would use the information. Relevancy is built
into the program by establishing clear and concise monitoring goals and objectives
that include input from departmental heads and program coordinators that are
responsible for strategy development and resource management. An essential first
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step to developing relevant goals and objectives requires understanding the
information needs of current and potential partners so they can be built into the
program framework.
IWMP staff have undertaken the task of meeting with internal partners to
understand information needs. These meetings have highlighted what
information is of value and how results should be shared so they are relevant,
useful and applicable.
This sets the foundation for establishing a feedback loop in which monitoring
information is used to trigger management and strategy development to improve
watershed conditions. Since the initiation of IWMP, staff have similarly received input
from external partners such as municipalities, NGO’s and provincial agencies.
Internal and external consultation is planned to continue throughout the life of
the program. A communication plan for IWMP will be developed and reported in
Volume Three of the Reference Series, based on this input.

10.2 Reliability
A monitoring program must collect scientifically rigorous data and report credible
results so that they can be the cornerstone of decision-making at the
organizational/institutional level. This section discusses key components necessary
to support the creation and maintenance of a reliable monitoring program, with
information on how the components have been achieved and recommendations for
further improvements.
The following four elements highlighted by Fancy and Bennetts (2012) have
been implemented by IWMP and discussed in their respective chapters:
•
•
•
•

Development of clear, specific, and measurable monitoring goals and
objectives (Section 1.5);
Selection of valued monitoring indicators and attributes and development
of models to describe important components of focal ecosystems and the
interactions among them (Chapter 3.0);
Development of a study design that ensures data collected are
representative of the target population and allow defensible conclusions
to be derived (Chapter 4.0); and
Creation of procedures that ensure that data are properly managed,
routinely analyzed and readily available to key audiences (Chapters 6.0,
7.0 & 8.0).
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Two critical elements that have yet to be implemented are the:
•
•

Detailed documentation of protocols that describe how data are to be
collected, managed, analyzed and reported; and
Periodic review and refinement of the program to ensure it remains relevant
and addresses emerging issues (i.e. strategic goals and objectives).

10.2.1 Well-documented protocols
Due to the longevity of monitoring programs, it is especially important to document
all protocols related to data collection, management, analysis and reporting, to
ensure consistency and comparability over the long-term. Detailed protocols are
necessary “to be certain that changes detected by monitoring are actually occurring
in nature and not simply a result of measurements taken by different people or in
slightly different ways” (Oakley et al. 2003). Careful documentation of protocols is a
key component of the quality assurance process and builds reliability into a program
by ensuring the data:
1) Meet defined standards of quality within a known level of confidence;
2) Are credible and stand up to external review; and
3) Allow data from different sources to be pooled and compared.

IWMP is currently in the process of documenting and detailing protocols related
to data collection, management, analysis and reporting. These protocols will be
compiled in Volume 2 of the Reference Series, which will be available for
distribution upon request.
10.2.2 Periodic Review and Refinement
Study design components in IWMP were reviewed to ensure the data collected were
representative and reflective of key system attributes. A power analysis was
undertaken to determine the required number of sampling locations necessary to
answer questions of interest within acceptable levels of confidence and desired
temporal scales. In order to ensure the final sampling strategy is in fact able to meet
the power and statistical objectives of the program, the power analysis will be run
again after two complete panels are completed for an attribute (i.e. in four years).
A streamlined process for program review and refinement will be completed
approximately every 10 years to ensure IWMP continues to be relevant, reliable
and compatible with CVC’s strategic plan and vision.
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10.3 Commitment
The success and longevity of a long-term ecological health monitoring program is
ultimately dictated by an organization’s commitment to the acquisition and
maintenance of the funds necessary to undertake the work, and using the monitoring
data as a basis for strategy development and management activities. IWMP is a
highly-valued core program at CVC. This was brought to light during the budget
constraints in the mid-1990s where several programs at CVC were cut, but the value
of long-term monitoring was realized and IWMP was initiated. There is, however,
always room to strengthen the program. The following section discusses how IWMP
is working to strengthen CVC’s commitment to using program data and results.
10.3.1 Internal Integration
Commitment at the organization level is closely linked to whether the information
produced by a monitoring program can be used by internal partners in strategy
development and/or resource management. Effective internal integration is
dependent on regular reporting of results, development of a decision making
framework and links to cause and effect investigations.
10.3.1.1
Decision framework and management strategy
Monitoring programs with an early warning function (see Chapter 1.3) are designed
to detect changes in components of ecosystem integrity, so decisions can be made
about whether intervention is necessary. The goal is to prevent future damage and
implement management before damage is irreversible (e.g. extirpation of a species)
or becomes too costly to fix. Without defining how monitoring information will be
used to trigger action, the relevance and value of a program is not fully realized. In
fact, once the process of designing a rigorous monitoring program has been
completed, Lindenmayer et al. (2013) suggest program managers take the following
two steps:
1) Define trigger points for management intervention; and
2) Plan what management actions will be undertaken when a trigger point is passed.
Although monitoring data have been instrumental in the development of numerous
strategies within CVC and externally (e.g. Brook Trout Strategy), there is no
formalized feedback loop in which information collected by IWMP is shared with
those responsible for developing and implementing strategies.
CVC needs to develop a corporate-wide decision framework that outlines how
monitoring information is used to identify emerging threats and concerns,
identify thresholds that will trigger reporting and action, detail necessary
management actions and list who is responsible for undertaking identified
action(s).
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Creating a formal process to share information throughout CVC will facilitate the
integration of all departments and will feed into an adaptive environmental
management (AEM) framework at the institution level. Extending this process
externally to also include municipal partners, will form a partnership that will more
effectively protect and enhance Credit River watershed features and functions, than
working independently.
10.3.1.2
Links to cause and effect investigations
Ultimately, monitoring programs are most meaningful when they provide insight into
the causal relationships between ecosystem integrity and stressors. Rather than
simply reporting on how things are changing, creating an opportunity to test
reasonable hypotheses relating to underlying mechanisms of change will provide
managers and strategists with information necessary to formulate an effective
response. In fact, having committed resources to a complementary research
component, which can include either in-depth analysis or experimental design is
necessary to achieve the full benefits of a well-designed monitoring program (see
section1.3.2. for details on how different monitoring programs can complement one
another).
In 2017, a Cause & Effect program was initiated at CVC. This program will
bridge the gap between monitoring and management decisions, by leveraging
IWMP data to actions that will protect, enhance and maintain watershed features
and functions.
As changes in status and trends, or emerging threats are identified in monitored
attributes and indicators under the IWMP, the complementary Cause & Effect
Program focuses on understanding the causes behind the observed changes and
recommends potential management actions when possible. Tools will be created
that allow for the assessment of conditions, benchmarks against which conservation
activities can be compared, and management triggers that will indicate when
management intervention is necessary.
10.3.2 Partnerships
Developing and maintaining partnerships with external groups and agencies can
result in many benefits for a monitoring program including:
• Improved cost savings;
• Enhanced scientific relevance; and
• Increased community support.
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To date, IWMP has collaborated with government agencies (e.g. MOECC, Parks
Canada, Environment Canada, MNRF), Ontario Conservation Authorities (e.g.
Toronto and Region Conservation Authority, Conservation Halton, Central Lake
Ontario Conservation Authority) and universities (e.g. University of Guelph,
Wilfred Laurier, University of Toronto Mississauga) in the development of
monitoring protocols, data sharing and filling of information and data gaps.
For example, IWMP data were used by Trout Unlimited and the Credit River
Fisheries Management Plan (CFRMP) Implementation Committee as part of their
Report Card. This led to further analysis of the data and triggered the development
of the Brook Trout Recovery Strategy through a joint partnership between CVC and
MNRF. These collaborations have strengthened the scientific rigour of the program
and resulted in datasets that are more regionally meaningful and comparable.
During the review and reform process, IWMP was able to highlight important
gaps that could be filled by collaborating with external partners to improve
program function.
For example, opportunities to standardize analysis and reporting with partner
agencies should be pursued to streamline messaging of both technical and general
information. Creating a peer review panel with members of partner agencies that
would review products and aspects of the overall program as necessary, could be of
additional value. Furthermore, citizen science partnerships that could assist in filling
information gaps for which CVC is unable to commit resources would be an
additional opportunity to engage watershed residents.
10.4 Conclusion
Overall, the purpose of the review and refinement was to ensure that IWMP
continues to collect scientifically defensible, credible and reliable data and to
improve the services that it provides to both internal and external clients. The
process has resulted in the creation of a stronger, scientifically rigorous program,
upon which management decisions can be made by both internal and external
partners, to enhance, maintain and protect natural heritage features and functions in
the Credit River watershed.
This document in the reference series for the IWMP provides a high-level overview
of the IWMP and important aspects considered during the refinement of the
program. As it details how decisions were made and what the strengths and
limitations of the program may be, it should be referred to whenever changes to the
program are proposed, to ensure the program continues to adhere to the established
goals and objectives.
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Appendix A: PROGRAM RECOMMENDATIONS AND REFINEMENT
Table A1 Recommendations made by external reviewers for program refinement and improvement during a review process undertaken in 2010 (CVC 2010).
Ecosystem Component

Recommendations/Review

Climate

•
•
•
•

Use heated rain gauges to allow for calculation of annual precipitation volumes.
Attach a temperature probe to gauge stations to aid in quality assurance/quality control (QA/QC).
Update stations to transmit data real-time over a modem.
Improve the post-collection data processing by way of real-time data (process sooner), database use (data in one location) and standardized analysis (all data analyzed
to the same level of detail).

Groundwater quality and quantity

•
•
•
•
•
•
•
•
•
•
•
•

Add sampling locations in the lower watershed to adequately characterize groundwater resources in this zone.
Evaluate the spatial distribution of observation wells to ensure watershed features are reflected adequately.
Collect supporting variables at all well stations including climate, stream flow, stream form, land cover/land use and water withdrawals.
Data summaries should include daily, monthly and annual statistics
All data should be stored in a database.
Consider additional metrics of interest for groundwater quality (chemistry) including pharmaceuticals.
In addition to the three watershed zones, spatial trends should consider urban, urbanizing and rural land-use classifications.
Effort should be made to integrate water/sediment chemistry sampling locations with flow/biological sampling locations.
A formal qa/qc methodology of water quality data should be implemented.
Sediment sampling should be at fixed locations every sampling year.
Reduce number of stations and implement a consistent panel design (2-3 year rotation).
The core group of stations should be evenly distributed among watershed zones and land-use (urban vs. land use) classifications, while maximizing opportunities for
integration with other stream components where possible.
Integrate with hydrology and hydrogeology to increase the ability to analyze and draw conclusions from geomorphic data.
Adjust field protocols to provide more consistency in bankfull identification (e.g. measure each cross-section into the floodplain).
Improve integration/harmonization with base flow, riparian and fluvial geomorphology components.
Modify sampling frequency: annual sampling at urbanizing stations and panel design (3-5 years) for stable stations.
Establish stations between Lake Ontario and Erindale park to monitor invasive species migration from Lake Ontario.
Add more sites to characterize differences of fish communities by stream order, physiography, cold water/warm water designations, various land-use classifications,
different point sources, and restoration effectiveness sites.
Collect fish samples for contaminant analysis at selected sites (e.g. waste water treatment plants).
Consider repeat and/or mark recapture for quality assurance/quality control (qa/qc) purposes.
Complete percent impervious cover (PIC) analysis.
Revise distribution of sites between lower, middle, and upper zones. There are too many sites in the upper watershed (14) and not enough in the lower (6).
Improve integration with other disciplines/attributes; benthic stations should be in the same location as water chemistry, water temperature and sediment sampling

Stream water quality

Fluvial Geomorphology

Fish Community

Benthic Macroinvertebrate
Community

•
•
•
•
•
•
•
•
•
•
•
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Ecosystem Component

Forest and Wetland Communities

Overall Program

Recommendations/Review
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

stations.
Collect detailed habitat data during field sampling.
Must have at least 30 forest and 30 wetland stations to analyze data at the watershed zone spatial scale.
Add new taxonomic groups to the monitoring program to capture ecosystem function (e.g. microbes and insects).
Delve into cause and effect relationships based on observed trends and status of valued ecosystem components.
Update trends regularly and integrate ecosystem components to provide a holistic understanding of ecosystem integrity.
Use modeling to try and develop a predictive framework for the purpose of identifying thresholds and evaluating ecosystem condition.
Outline program goals and objectives.
Create a framework document that details aspects of study design.
Complete power analysis to determine if sample size is sufficient to answer proposed questions.
Evaluate monitoring components to ensure they reflect a range of spatial and temporal scales.
Integrate monitoring components at as many stations as possible.
Collaborate with external partners to realize efficiencies and standardize collected information.
Calculate a measure of landcover or landuse that can be used in analysis of stream attributes.
Improve data management by creating fully functional databases for the storage of monitoring data, quick extraction of raw data and calculation of metrics.
Regularly analyse data, with at least one staff member fully dedicated to the task.
Disseminate results to internal and external audiences in a format that is useable and relevant.
Create methodology documents that document sampling protocols and data standards/management.
Review program every 5-10 years and refine as needed.
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A2 Program Refinement Procedure
At the onset of the IWMP review and refinement, a core team representing expertise in forest,
wetland and aquatic ecology was selected to develop and lead the evaluation and decision making
process. Briefly, during the refinement process the study design team:
•

Selected a suite of VECs that would be measured by IWMP consistently;

•

Created conceptual models describing the interactions between attributes;

•
Created a general study design and analysis plan, including decisions on a general analysis
framework and development of a list of potential monitoring sites;
•
Completed a preliminary power analysis to get an approximate number of monitoring sites
necessary to reach desired power; this included using means and variation from long-term IWMP
data for several indicators and metrics to ask how many sites were needed to detect a 5 to 10%
change across the watershed;
•
Created a specific study design and analysis plan, using a set of criteria to select sites, then
assigned sites to one of three sampling panels, and developed a specific analysis framework
(Chapter 7.0);
•
Completed a second power analysis, with the complete study design and specific analysis
framework, using means and variation from long-term data for several indicators and metrics, to
determine the power to detect a range of effect sizes over a ten year period (Chapter 4.2)
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Appendix B: LEGISLATION AND POLICY THAT SUPPORT THE NEED FOR LONG-TERM
MONITORING OF NATURAL HERITAGE FEATURES IN THE CREDIT RIVER WATERSHED
Policy/
Legislation

Section

Description of Policy and Legislation

IWMP Support

21

“To study and investigate the
watershed and to determine a program
whereby the natural resources of the
watershed may be conserved, restored,
developed and managed;”
“The diversity and connectivity of
natural features in an area, and the
long-term ecological function and
biodiversity of natural heritage
systems, should be maintained,
restored or, where possible, improved,
recognizing linkages between and
among natural heritage features and
areas, surface water features and
ground water features.”
“Identifying water resource systems
consisting of ground water features,
hydrologic functions, natural heritage
features and areas, and surface water
features including shoreline areas,
which are necessary for the
ecological and hydrological integrity of
the watershed;”

Monitoring data provides information
on the status and trends of watershed
natural resources, including emerging
threats, which can advise priorities for
management and restoration activities.
Monitoring data contributes to the
identification of significant wildlife
habitat, species at risk habitat and
most importantly, on ecological
function of natural heritage features
with resulting recommendations on
how to maintain, restore and/or
improve where possible.

Goal 1

“Protect the genetic, species, and
ecosystem diversity of Ontario”

3.2.3

“Watersheds are the most meaningful
scale for hydrological planning, and
municipalities together with
conservation authorities should ensure
that watershed plans are completed
and used to guide planning
and development decisions within the
Protected Countryside.”

The long-term monitoring data
provides information used to design
and maintain a natural heritage
system, and for watershed and
subwatershed planning, all of which
feeds into many policies.

Conservation
Authorities Act
2.1.2

Provincial Policy
Statement

The Ontario
Biodiversity
Strategy

2.2.1c

The Green Belt
Plan 2005

Places to Grow –
Growth Plan for
the Greater Golden
Horseshoe
Clean Water Act

1.2.2

22 (s45)

Watershed plans shall include, but are
not limited to, the following
components:
d) An environmental monitoring plan;
“Protect, conserve, enhance and wisely
use the valuable natural resources of
land, air and water for current and
future generations”
“If a public body is designated in a
source protection plan as being
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Policy/
Legislation

Section

Description of Policy and Legislation

IWMP Support

responsible for the implementation of a
policy governing monitoring, the public
body shall conduct a monitoring
program in accordance with the policy”
2006, c. 22, s. 45.

117

Integrated Watershed Monitoring Program Framework Document Appendices - Draft

Appendix C: MONITORING AND SAMPLING OBJECTIVES
Table C1 Design objectives and strategies for implementation of the Integrated Watershed Monitoring
Program
Objective

Strategy

Design and document an effective,
informative, efficient and feasible
program.

- Develop reference documents that outline specific objectives, study
design, methodologies, intended analyses, information management
standards and effort (i.e. administration and budget).
- Identify and define different audiences and stakeholders for which
monitoring data are relevant.
- Develop/adopt methodologies that address the monitoring goals and
objectives of the program (see Appendix B: TableB1. Monitoring
Objectives).
-Complete peer reviews for documents to ensure IWMP will produce
scientifically rigorous and defensible data.
-Ensure that data collection is completed by qualified, trained staff that
apply standardized protocols and adhere to data management standards.

Collect data using standardized
protocols that are relevant,
repeatable, and cost effective.

-Maintain equipment well and train staff to ensure they use equipment
properly.
-Identify and implement cost savings and opportunities for collaboration
with other groups and agencies involved in the same types of work.

Manage data to ensure the quality,
interpretability, security, longevity
and availability of data collected
and/or managed by the program.

-Produce required information with the desired accuracy and power,
ensuring scientifically rigorous and defensible results (see Appendix B:
Table B2. Statistical Objectives).
-Develop, execute and document quality control methods in an
information management document.
-Maintain metadata to ensure data interpretability.
- Develop, improve and maintain databases for effective data storage and
distribution.
-Organize data so it is easily and readily retrievable.
- Back-up digital data routinely and store paper files appropriately to
ensure data security and longevity.
-Identify sensitive data and protect from unauthorized access and
inappropriate use.
-Ensure digital data are secure from accidental/unauthorized changes and
deletions.
- Archive data according to established guidelines.
-Optimize data sharing (both internal and external clients) through
creation and maintenance of effective and accurate database queries and
reports.
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Objective

Strategy

Analyse data regularly to evaluate
the integrity of groundwater, stream,
forest and wetland ecosystems in the
Credit River watershed.

- Develop, review and/or refine tools (e.g. IBIs, targets, thresholds) using
up-to-date science to evaluate site integrity and ecosystem response to
stressors/drivers.
-Analyze data regularly to evaluate status, trends, spatial differences, early
warning signs and/or emerging threats.

-Spatially, evaluate status and trends at the watershed, watershed zone
and site scales. The number of stations and their locations will be selected
so that statistically sound analyses can be conducted at the desired spatial
resolution.
-Temporally, a selected suite of ecosystem components will represent a
range of temporal responses (from short to long-term) to stressors and
drivers.
-Identify reference conditions using statistically sound protocols.
Monitoring sites can be compared against the reference conditions to
evaluate status, determine the magnitude of divergence from high
integrity conditions and to establish realistic targets for management.

Frequently communicate results to a
diversity of groups in a format that is
appropriate to the specific audience
so they can be used to guide
management decisions, strategy
development and tool development.
Review the program regularly to
ensure program components address
outlined goals and objectives. Adjust
the program where goals are not
met or to address changing
watershed conditions and concerns.

-Complete integrative analyses of stream, forest and wetland attributes
regularly, to relate ecosystem status to stressors/threats and identify
whether further investigation is needed to understand cause and effect
relationships.
-Create a communication plan that outlines what information and
products are appropriate for each of the audiences and indicate timelines
for their release.
-Create and disseminate products regularly to communicate monitoring
results to interested audiences.
-Review and adapt the program every 10 years to ensure it continues to
address goals of IWMP and CVC. A committee consisting of CVC staff and
external experts will complete this activity.
- Ensure due consideration is given to retaining consistency and longevity
of data record will be given during the review process.
-Adjust as needed (at any time interval) based on watershed conditions
and threats, realized major gaps or changes to CVC’s priorities.
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Table C2 Monitoring objectives of the Integrated Watershed Monitoring Program
Valued Ecosystem Component
(Attribute)

Measurable Objective

Climate
Precipitation

•

•

Temperature

•
•
•

•
•
•
Land Cover/ Land Use
Composition

•

•
•

Patch Attributes

•

•
•

Connectivity

•

Groundwater
Levels

•

•

Determine status, spatial differences and long-term trends in
precipitation (snow and rain) through monthly and annual summaries
of descriptive statistics.
Classify months and years as wet, dry or average relative to the longterm normal.
Identify extremes.
Analyse data in context of climate change and other stressors.
Determine status, spatial differences and long-term trends in
temperature through monthly and annual summaries of descriptive
statistics.
Classify months and years as hot, cool or average relative to the longterm normal.
Identify extremes (record breaking events).
Analyse data in context of climate change and other stressors.

Determine status, spatial differences and long-term trends in
composition of land use and land cover at the watershed, zone and
subwatershed scales.
Evaluate the quality of the land use matrix surrounding monitoring
sites at multiple spatial scales.
Determine status, spatial differences and long-term trends of riparian
vegetation cover along streams including: the proportion of stream
length that is naturally vegetation in the watershed, and what
proportion of stream length that has a naturally vegetated 30 m
buffer.
Determine status, spatial differences and long-term trends in the size
and number of natural and semi-natural communities at the
watershed, zone and subwatershed scales.
Determine status, spatial differences and long-term trends in the
number of habitat patches that exceed 200 ha in size.
Determine status, spatial differences and long-term trends in the
amount of interior habitat available at the watershed, zone and
subwatershed scales.
Determine status, spatial differences and long-term trends in the
distance between natural communities at the watershed, zone and
subwatershed scales.

Determine status, spatial differences and long-term trends in
groundwater quantity through measurement of levels and discharge
rates.
Report on aspects of lowflow and spring freshet, in context of climate
change and other stressors.
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Valued Ecosystem Component
(Attribute)

Measurable Objective
•

Chemistry

•
•

Stream
Flow/Quantity

•

Surface Water Temperature

•
•
•

•

Surface Water Chemistry

•
•

•

Fluvial Geomorphology

•
•
•
•

Fish Community

•
•
•

Benthic Macroinvertebrate
Community

•
•
•

Identify and review reference conditions at the aquifer level based on
long-term data sets.
Determine variability and long-term trends in groundwater quality
through measurement of key parameters.
Determine groundwater status by comparing concentrations to
Ontario drinking water standards (ODWS) and aquatic life where
possible.

Determine status, spatial differences and long-term trends in low
water conditions (baseflow and Ontario low water response) and
ecological flow metrics.
Establish reference conditions for environmental flow metrics.
Analyse data in context of climate change and other stressors.
Determine status, spatial differences and long-term trends in water
temperature by reporting average daily summer maximum
temperature, absolute maximum summer temperature and other
relevant targets.
Determine how many sites exceed the water temperature targets and
relate biotic response to exceedances.
Analyse data in context of climate change and other stressors.
Determine status, spatial differences and long-term trends in WQI
th
and 75 percentiles of surface water nutrient and metal
concentrations (including but not limited to phosphorus, nitrate
nitrogen, unionized ammonia, aluminum, copper, iron, zinc, total
suspended solids, and chlorides).
Compare 75th percentile of monthly measurements to provincial
water quality objectives (PWQO) to determine whether there are any
site level exceedances.
Determine status, spatial differences and long-term trends in stream
stability (RGA) and physical stream properties (e.g. width, depth,
slope, and sediment size).
Evaluate the influence of specific stressors on stream form and
function.
Determine the quality of stream habitat for integration with biotic
disciplines.
Integrate with streamflow gauge stations to determine bankfull
discharge.
Determine the status, spatial differences and long-term trends in the
structure and composition of fish communities.
Compare status and trends in fish communities to channel
morphology, water quality and quantity.
Integrate fish response to stress with other attributes of stream
ecosystems.
Identify reference conditions for the fish community.
Analyse data in context of climate change and other stressors.
Determine the status as well as spatial and temporal trends in the
structure and composition of benthic communities.
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Valued Ecosystem Component
(Attribute)

Measurable Objective
•
•
•

Forest
Soil Moisture, Temperature and
Chemistry

Tree Health and Dead Wood

•

•
•
•

•
•

Regeneration and ground
vegetation community

•
•
•

•
•

Breeding Bird Community

•
•
•
•

Woodland Salamander
Community

•
•
•
•
•
•

Investigate the status and trends of benthos in response to variation
in water quality, quantity and geomorphological/habitat features.
Identify reference conditions for the benthic community.
Analyse data in context of climate change and other stressors.

Determine status, spatial differences and long-term trends in soil
moisture, temperature and chemistry (nutrients, heavy metals, ph,
organic matter).
Relate values to climate change predictions.
Identify and review reference conditions.
Determine the status, spatial differences and long-term trends in
forest structure, tree health, volumes of downed woody debris and
densities of snags.
Detect and monitor the presence and invasion of tree disease,
pathogens and insect pests.
Determine long-term trends in the distribution and abundance of
non-native tree species.
Identify reference conditions for the forest community.
Analyse data in context of climate change and other stressors.
Determine status, spatial differences and long-term trends in species
composition and community structure of forest vegetation by
surveying herbaceous understory and shrub species.
Relate vegetation community properties to soil moisture,
temperature and chemistry.
Determine long-term trends in the distribution and abundance of
non-native plant species.
Identify reference conditions for the forest vegetation community.
Analyse data in context of climate change and other stressors.
Determine status, spatial differences and long-term trends in species
composition and community structure of forest breeding birds at the
species and guild levels.
Integrate forest bird populations with forest vegetation and
structure.
Identify reference conditions for forest bird community.
Analyse data in context of climate change and other stressors.
Determine status, spatial differences and long-term trends in species
composition and community structure of lung-less salamanders.
Integrate salamander population results with forest vegetation
(including leaf litter), soil properties (moisture, temperature,
chemistry, pH), dead wood and invertebrate populations.
Identify reference conditions for the salamander community.
Analyse data in context of climate change and other stressors.

Wetland
Tree Health and Dead Wood*

•

Determine the status, spatial differences and long-term trends in tree
health, volumes of downed woody debris and densities of snags.
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Valued Ecosystem Component
(Attribute)

Measurable Objective
•

Detect and monitor the presence and invasion of tree disease,
pathogens and insect pests.
• Determine long-term trends in the distribution and abundance of
non-native tree species.
• Identify reference conditions for the treed swamp wetland
community.
• Analyse data in context of climate change and other stressors.
Regeneration and Ground
• Determine status, spatial differences and long-term trends in species
Vegetation Community
composition and community structure of wetland vegetation by
surveying herbaceous understory, shrub and tree species.
• Determine long-term trends in the distribution and abundance of
non-native plant species.
• Identify and review reference wetland vegetation communities.
• Analyse data in context of climate change and other stressors.
Frogs and Toad Community
• Determine status, spatial differences and long-term trends in species
composition and community structure of frog and toad species.
• Integrate frog population information with wetland vegetation and
landscape metrics.
• Identify reference conditions for the anuran community.
• Analyse data in context of climate change and other stressors.
*only measured in treed swamp wetland communities

Table C3 Statistical objectives of Integrated Watershed Monitoring Program
Statistic

Measurable Objective

Power (1-β) (detecting a true trend)
Type I error/α (false alarm)
Type II Error/ β (missed signal)
Effect Size

0.90
0.10
0.10
10 % change over 10 years (i.e. 5 complete panels)
20% difference among zones
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Appendix D: CONCEPTUAL MODELS DESCRIBING SYSTEM ATTRIBUTES, INDICATORS AND
METRICS

Figure D1. Groundwater ecosystem conceptual model showing relationships between the system,
factors, attributes, indicators and metrics. Lighter boxes with dashed outline represent identified gaps
that if resources became available would be considered for addition into the program.
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Figure D2 Stream ecosystem conceptual model including only the abiotic attributes and their relationship to indicators and metrics. Lighter
boxes with dashed outline represent identified gaps that if resources became available would be considered for addition into the program.

Integrated Watershed Monitoring Program Framework Document Appendices - Draft

125

Figure D3 Forest ecosystem conceptual model showing relationships between the system, factors, attributes, indicators and
metrics.
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Figure D4 Wetland ecosystem conceptual model showing relationships between the system, factors, attributes, indicators and
metrics. Lighter boxes with dashed outline represent identified gaps that if resources became available would be considered
for addition into the program.
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Figure D5. Conceptual model illustrating the monitored compositional, structural and functional
metrics in stream ecosystems at three hierarchical levels of ecosystem organization (adapted from
Noss 1990 and Tierney et al. 2009).
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Figure D6. Conceptual model illustrating the monitored compositional, structural and functional
metrics in wetland ecosystems at three hierarchical levels of ecosystem organization (adapted from
Noss 1990 and Tierney et al. 2009).
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Appendix E: VALUED ECOSYSTEM COMPONENTS- INDICATOR, METRIC, MEASURE AND RATIONALE
Attribute

Indicator

Metric

Measure Description

Groundwater Levels

Levels Exceedances Over
Time

• daily, monthly, seasonal & annual levels
• quartiles for monthly levels

• Groundwater levels are recorded
every hour as metres above sealevel.

Groundwater Chemistry

Ontario Drinking Water
Standards

• nitrite+nitrate concentrations
• chloride concentrations

• Chloride and nitrogen
(nitrate+nitrite) concentrations
collected manually biannually.

Drought Frequency and
Duration
Low Flow Indices

• minimum average summer month flow,
minimum weekly flow, minimum daily flow
• 7-day average flows with different return
periods (2,5,10 and 20 years), flow
duration indices (50%, 90%, 95%)
• precipitation and flow thresholds

• Data on instantaneous flow and
daily maximum, minimum and
average flow rates are recorded
at the streamflow stations every
15 minutes.

Rationale for Monitoring

Groundwater

Stream
Stream Flow*

Ontario Low Water Response
Condition
Base Flow Index
Return Periods of High Flow
Mean Monthly Flow
Flood Frequency and
Duration

•
•
•
•
•
•
•

High & Low Flow Pulses

•
•
•
•

Additional Hydrologic
Indicators

•
•
•
•
•
•
•
•
•
•

• Indicator of the amount of water in aquifers and shallow water tables which are important sources
of drinking water.
• Groundwater contributions to streams and wetlands are critical in maintaining surface water
quantity, quality and temperature, all of which are vital to supporting the health of aquatic
ecosystems.
• Groundwater is vulnerable to contamination such as septic leaks, fuel storage tanks or landfills,
road salt, pesticides and fertilizers.
• Very difficult and costly to clean once this resource becomes polluted.
• Monitoring helps identify potential future problems as part of effective groundwater management.
• Streamflow strongly influences physical, chemical, and biological structure and function of stream
ecosystems.
• Natural hydrologic variability is essential in maintaining native species and ecosystem integrity
• Extreme streamflows (severity, frequency or duration of flooding or drought), can greatly affect
residents and infrastructure.
• Alteration to the streamflow regime may impair habitat attributes, connectivity and overall
integrity of watershed ecosystems.

base flow/ low flow
frequency analysis
average daily, weekly and monthly flow
number of floods
number of days flooding conditions exist
maximum recorded instantaneous and
daily flow
maximum instantaneous/daily flow with
different return periods
number of high pulses
number of days high pulse conditions
persist
number of low pulses
number of days low pulse conditions
persist
maximum and minimum daily flow
seasonal average flow
minimum average summer flow
mean annual flow
threshold flow
bankfull flow
rating curve
flow duration curve
total annual volume of water
instantaneous flow
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Attribute

Indicator

Metric

Measure Description

Rationale for Monitoring

Surface Water
Temperature

Absolute Summer
Exceedance for Fish
Classifications
Average Summer Exceedance
for Fish Classifications

• absolute daily summer maximum

• Water temperature is measured
automatically every 30 minutes
th
from June 1st to September 30 .

• Aquatic organisms such as fish and benthic macroinvertebrates are adapted to a specific range of
temperatures and changes in water temperature can affect the composition and function of aquatic
ecosystems.
• Changes to surface water temperatures can occur as a result of land management activities and
climate change
• Changes to water temperatures can influence the number and types of plants and animals that live
in stream ecosystems throughout the watershed.
• Contaminants such as excess nutrients, pesticides, metals and bacteria can all enter streams as a
result of human actions.
• At certain concentrations these contaminants can have negative effects on both ecosystem and
human health.
• Water chemistry monitoring enables us to protect the quality of water for human use (drinking
water, fishing, recreation, agriculture, industrial processes), to maintain healthy aquatic ecosystems
and detect emerging trends to inform management actions.
• Fluvial geomorphology monitors how a streams physical attributes change over time in response to
stressors such as climate (including major floods) and human activities within the channel, flood
plain and/or watershed.
• Stream morphology is a product of streamflow and sediment supply, and provides the habitat and
stream conditions necessary for fish, benthos and riparian plant communities.
• Fluvial data can help to explain and integrate the results of several disciplines.

Surface Water Chemistry

Water Quality Index

Water Quality
Characterization
Fluvial Geomorphology

Rapid Geomorphic
Assessment (RGA) Stability
Index
Rosgen Stream Classification

Cross-Section Morphology

Particle Size Distribution

Longitudinal Profile
Aquatic Vegetation
Community Composition
Riparian vegetation influence

Woody Debris

Bank Characteristics

•
•
•
•
•

average daily summer maximum
average daily summer mean
maximum summer temperature
mean summer temperature
tri-mean

•
•
•
•
•

# of exceedances
proportion of exceedances
magnitude of exceedances
75th percentile of annual concentrations
annual geometric mean for E.coli

• Water chemistry samples are
collected on a monthly basis
(except December) and analyzed
for chemical and biological
indicators of water quality.

•
•
•
•
•
•
•
•
•
•
•
•

evidence of aggradation
evidence of degradation
evidence of widening
evidence of planimetric form adjustment
valley type
slope
width/depth ratio
bankfull width
bankfull depth
bankfull area
bankfull width/depth ratio
percentile of diameter size corresponding
to:
10% (d10),
16% (d16),
median (d50),
84% (d84)
bankfull gradient
channel gradient
density of macrophytes
density of filamentous algae
density of attached algae
canopy closure
% ground vegetation cover
% shrub cover
% tree cover
density of root wads
density of logs
density of debris jams
bankfull undercutting
bankfull armouring

• Surveys of physical stream
properties (e.g. width, depth,
slope, and sediment size) and
assessments of stream stability
and the channel adjustment
process (i.e. how the channel is
changing over time) using Rapid
Geomorphic Assessments (RGA).

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
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Attribute

Indicator

Metric

Measure Description

Fish Community

Index of Biotic Integrity

•
•
•
•
•
•

biomass
feeding guilds
reproductive guilds
species tolerances
habitat preferences
number of cold-, cool- & warm- water
species
• species richness
• density
• % non-native species

• Captured fish are sorted by
species, counted and weighed.
Minimum, maximum and average
lengths of fishes are recorded.

• In the watershed fish are an integral part of the ecosystem and the net present value of the
recreational fishery alone is estimated at $48 million dollars.
• Land use and climate change can have a substantial impact on the types and amount of fish living in
lakes and streams.
• Changes in the other stream indicators have an influence on the health of fish communities.
• Fish are easy to identify and are typically present in even the smallest streams and in all but the
most polluted water.

Hilsenhoff Index of Biotic
Integrity (HBI)
Community Composition
and Structure

• taxa abundance
• taxa sensitivity
• % Ephemeroptera, Plecoptera and
Trichoptera (EPT)
• % Chironomids
• % Oligochaeta
• % Isopoda
• % dominance
• taxa richness
• EPT richness
• Diversity

• Captured benthic
macroinvertebrates are
identified to lowest practical
taxonomic level and weighed.

• Benthic macroinvertebrates (instream ‘bugs’) are influenced by water and habitat quality and are
particularly affected by sediment composition and chemistry, land use, riparian vegetation cover,
water chemistry and temperature, dissolved oxygen, streamflow and water depth.
• Benthic communities serve as effective biological indicators of local environmental conditions
because they are structured by their environment and they have low mobility compared to other
animals such as fish.
• Monitoring benthic communities therefore provides a useful assessment of the spatial extent of
potential environmental impairments.

Soil Moisture & Temperature

• number of days >4 c
• monthly average moisture & temperature
• monthly moisture & temperature highs &
lows
• pH
• soil organic matter
• micro- and macro- nutrient concentration
• heavy metal concentrations

• Soil moisture and temperature
are measured automatically
every hour from April 1st to
st
October 31 .
• Four soil chemistry samples are
collected at every forest site
every 10 years and analyzed for
nutrient and heavy metal
concentrations.

• Soil moisture is one of the driving factors determining what plant species and soil dwelling fauna
are present.
• Soil temperature affects many ecosystem processes including seed dormancy and germination,
microbial decomposition and soil moisture content.
• Chemical composition of soil regulates many processes including plant growth, nutrient cycling and
rates of organic matter recycling.
• Properties of soils are modified by surrounding land-use and climate change.
• Monitoring of soil temperature and moisture is necessary for integrative analysis within forest
communities to understand the patterns and trends observed in plant and animal communities.

•
•
•
•
•
•

• Tree health measures include
identification of disease and
pests, annual mortality rates and
crown vigour. In addition,
quantities of downed wood and
snags are also measured.

• Trees are key structural and biophysical components in forest communities that define ecosystem
function.
• In addition to providing habitat for forest flora and fauna, they modulate ecosystem processes
through the regulation of shade, atmospheric and soil moisture, nutrient inputs and extractions.
• Monitoring of tree health provides information on how complex ecological interactions in forest
communities respond to stressors such as habitat loss, non-native species invasion and climate
change.
• Dead wood, in the form of snags and downed wood, is an important structural and functional
feature in forest communities that provides critical habitat to a diversity of animals and fungi.

Community Composition and
Structure **

Benthic Macroinvertebrate
Forest

Rationale for Monitoring

Forest
Soil Condition

Soil Chemistry

Tree Health & Dead Wood

Dead Wood
Tree Health & Dead Wood IBI

o

dead wood decay class distribution
disease abundance
mortality rate
crown health class
snag abundance
downed woody debris volume
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Attribute

Plant Community

Indicator

Plant Community IBI

Community Composition &
Structure

Metric

Measure Description

Rationale for Monitoring
• Dead wood influences processes such as water storage, nutrient cycling, soil formation and
erosion.
• Vegetation is an integrator of biological and environmental factors, and is the foundation of trophic
webs and animal habitats.
• Vegetation also contributes to geologic, geomorphic and soil development processes.
• Monitoring of vegetation communities and associated ecological processes allow for the detection
of changes in forest ecosystems to stressors such as habitat loss, species invasion and climate
change.
• By monitoring vegetation in conjunction with wildlife groups vital connections can be made
between wildlife, vegetation and habitat characteristics.

• seedling ratio & density
• proportional abundance of annuals
• proportional abundance of spring
ephemerals
• native species richness
• proportion of non-native
• mean coefficient of conservatism (mCC)
• canopy closure
• wetness index
• floristic quality index (FQI)
• number of weedy species
• structure
• proportional abundance of guilds
• species richness
• abundance of individual bird species
• community similarity

• Native and non-native
herbaceous plants, shrubs and
tree saplings in the understory
are identified to species, and
abundances (i.e. cover and stem
counts) are measured. Impacts of
deer browse are measured on
shrub and tree stems.

• Forest breeding birds are
identified to species, counted and
breeding behaviour and evidence
is recorded.

• Forest birds have often been used as surrogates for the health and status of wildlife species and
natural communities.
• Birds are sensitive to habitat change at the local and regional scales due to their high body
temperature, rapid metabolism and trophic position in the food web.
• Breeding bird species diversity reflects forest structure (vegetation layers) and is related to overall
biodiversity of floral and faunal groups.
• Relative to other taxa they are easily surveyed and the habitat requirements and sensitivities are
well known for many species.
• Declining forest bird population’s continent-wide makes monitoring of forest birds a vital
component to understanding forest ecosystem structure and function.

Breeding Bird Community

Bird Community IBI
Community Composition &
Structure

Salamander Community

Community Composition

• species richness & diversity
• abundance
• age & size class distribution

• Salamander species found under
coverboard objects are identified
to species, measured and
counted.

• Salamanders are well linked in forest food webs as important prey items to many bird and snake
species, and important predators of soil microfauna.
• Due to their high biomass in forest ecosystems, they play an important role in forest nutrient
cycling and productivity.
• Although they have stable populations overall, salamanders are highly sensitive to environmental
stressors that affect leaf litter, soil moisture and temperature, such as acidification, timber harvest,
and air and water pollution.
• Changes in salamander counts are more likely to represent significant environmental changes than
counts of most other forest species due to their longevity, site fidelity, small territory size and low
fecundity.
• It is believed that their highly sensitive nature allows them to provide early warning signs of
environmental or habitat change, making them an appropriate indicator of forest health and
integrity.

Dead Wood

•
•
•
•
•
•

• Tree health measures include
identification of disease and
pests, annual mortality rates and
crown vigour. In addition,
quantities of downed wood and
snags are also measured.

• Trees are key structural and biophysical components in forest communities that define ecosystem
function.
• In addition to providing habitat for forest flora and fauna, they modulate ecosystem processes
through the regulation of shade, atmospheric and soil moisture, nutrient inputs and extractions.
• Monitoring of tree health provides information on how complex ecological interactions in forest

Wetland
Tree Health & Dead Wood

Tree Health

dead wood decay class distribution
snag abundance
downed woody debris volume
disease abundance
mortality rate
crown health class
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Attribute

Indicator

Metric

Measure Description

Rationale for Monitoring

•
•
Plant Community

Plant Community IBI

Community Composition &
Structure

Frog and Toad Community

IBI

Community Composition
Potential Gaps
Wetland Hydrology

To be determined

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

small tree density
richness of plant guilds
canopy & sub-canopy importance values
relative cover of plant guilds
adjusted floristic quality index (FQIA)
canopy closure
wetness index
floristic quality index (FQI)
number of weedy species
structure
mean coefficient of conservatism (mCC)
total species richness
abundance of poor habitat species
abundance of disturbance tolerant species
abundance of disturbance sensitive species
abundance of woodland associate species
maximum calling code for woodland
species
• community similarity
To be determined

communities respond to stressors such as habitat loss, non-native species invasion and climate
change.
Dead wood, in the form of snags and downed wood, is an important structural and functional
feature in forest communities that provides critical habitat to a diversity of animals and fungi.
Dead wood influences processes such as water storage, nutrient cycling, soil formation and
erosion.
Wetland vegetation is known to be a useful indicator of biotic integrity as plant communities
respond to water quality, hydrologic modifications, chemical pollution, and nutrient enrichment.
Both emergent and submergent species richness are affected by high sediment levels, nutrient
enrichment and turbidity.
Non-native species are characteristic of wetland degradation.
Monitoring wetland vegetation allows for early detection of the impacts of climate change: as the
climate becomes warmer, it is expected that wetland communities will transition to drier habitat
types.

• Native and non-native
herbaceous plants, shrubs and
tree saplings in the understory
are identified to species, and
abundances (i.e. cover and stem
counts) are measured. Impacts of
deer browse are measured on
shrub and tree stems. Tree health
is also measured in swamp
communities.

•

• Frogs and toads are identified to
species and abundance estimates
are made based on call codes.

• Frog and toad species are common indicators of wetland health as they are very sensitive to
terrestrial and aquatic environmental conditions.
• Because amphibian skin is permeable to water, they are strongly affected by poor water quality
and severe drought.
• Their small home ranges and requirement for both land and water also make them sensitive to
habitat loss, roads and lack of nearby forested areas.

To be determined

•
•
•

• Shapes the features and functions of all wetland communities
• Many changes in plant and animal communities can be related back to hydrologic function and
characteristics

Fish Body Burden Analysis

• Bio-accumulation of contaminants in body tissue is a reflection of sustained and cumulative
stressors and overall impacts on stream communities

Lake and Pond Ecosystem
Monitoring

• As features that are the focus of management and restoration throughout the watershed,
monitoring would provide baseline information on health of these features

Aquatic Plants and Algae

• Indicator of water quality
• Implications for aesthetics and biological communities in stream ecosystems
• highly responsive and indicative of changes to potential stressors on stream communities

Groundwater (aquifer)
Monitoring

• A groundwater monitoring strategy is currently being developed that may identify some information
gaps that have to be filled within IWMP to get adequate representation of watershed aquifers.

1

this information also applies to tree health and dead wood in wetland swamp ecosystems
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Appendix F: SUMMARY OF IWMP SITES AND ASSOCIATED SELECTION CRITERIA

Table F1. Groundwater Monitoring Sites
Land Use
Site
Number

Site Name

Subwaters
hed
Number

Urban

Rural

Ownership

Public

Private

Well Type
Physiographic
Region

Bedrock

Overburden

Well
Depth
(m)

G-02

Huttonville at Embleton Rd Groundwater

9



Peel Plain



5.4

G-03

Georgetown at 20 Sdrd Groundwater

10



G-03

Georgetown at 20 Sdrd Groundwater

10





Niagara Escarpment



7.2



Niagara Escarpment



G-04

Acton at Third Line Groundwater

10



25.5

G-05

Robert Baker Forest Conservation Area Groundwater

12





Horseshoe Moraine



8.7

G-05

Robert Baker Forest Conservation Area Groundwater

12





Horseshoe Moraine



24.4

G-06

Terra Cotta Forest Conservation Area Groundwater

12





Horseshoe Moraine

G-07

Warwick Conservation Area Groundwater

13





Oak Ridges Moraine



6.1

G-07

Warwick Conservation Area Groundwater

13





Oak Ridges Moraine



176.7

G-09

Erin at Elora Cataract Trailway Groundwater

15





Guelph Drumlin Field

G-10

Hillsburgh at Elora Cataract Trailway Groundwater

15





G-10

Hillsburgh at Elora Cataract Trailway Groundwater

15





G-11

Caledon Village at Snowberry Ct Groundwater

16

G-12

Alton at Highpoint Sdrd Groundwater

17

G-12

Alton at Highpoint Sdrd Groundwater

17

G-13

East Garafraxa at Brookhaven Cres Groundwater

17

G-14

Gara Estates Groundwater

17

G-15

Trans-Canada Trail at McLaren Rd Groundwater

18

G-16

Mississsauga Rd at Clarkson Rd S Groundwater

21





39.2



30.1



35.7



Hillsburgh Sandhills



8.6

Hillsburgh Sandhills



13.9



Guelph Drumlin Field



6.1





Hillsburgh Sandhills



26.1





Hillsburgh Sandhills



62.9











Flamborough Plain

Hillsburgh Sandhills

26.1



Hillsburgh Sandhills



19.9



Niagara Escarpment



31.8



Iroquois Plain



5.7
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Table F2. Stream Monitoring Sites

Subwatershed
Number

Below

Above

Mouth

Mid Reach

Headwater

Physiographic Region
Main River

Lower Reach (6-7)

Mid-Reach (4-5)

Location in
Relation to
Niagara
Escarpment

Location in
Subwatershed

Stream Order

Headwater (1-3)

Rural

Urban

Site
Name

Integration Description

Site
Number

Frequency

Monitoring Panel

Major Land
Use

Upper Watershed
A

Supporting





15



Niagara Escarpment

Annual

Integrated





15



Niagara Escarpment



West Credit River at 10th Line

A

Supporting





15



Guelph Drumlin Field



S-052

West Credit River at Credit River Pine Estates

A

Integrated





15



Guelph Drumlin Field



S-053

West Credit River at 8th Line

B

Integrated





15



Guelph Drumlin Field



S-054

West Credit River at Gilbey Lane

B

Supporting





15



Hillsburgh Sandhills



S-055

West Credit River North at 8th Line

B

Supporting





15



Hillsburgh Sandhills



S-056

West Credit River Tributary at RR 22

A

Supporting





15



Guelph Drumlin Field



S-057

West Credit River Tributary at Beechgrove Sdrd

B

Supporting





15



Guelph Drumlin Field



S-058

Caledon Creek at Charles Sauriol Conservation Area

Annual

Integrated





16

Guelph Drumlin Field



Supporting





16



Guelph Drumlin Field





16



Guelph Drumlin Field



S-049

West Credit River at Belfountain Conservation Area Downstream

S-050

West Credit River at Belfountain Conservation Area Upstream

S-051





S-059

Caledon Creek at Hwy 10

A

S-060

Caledon Creek Tributary at Kennedy Rd

B

Supporting



S-061

Caledon Creek at Horseshoe Hill Rd

A

Supporting





16



Guelph Drumlin Field



S-062

Caledon Creek Tributary at Caledon Creek Forest Conservation Area

A

Supporting





16



Guelph Drumlin Field



S-063

Shaw's Creek at Queen St

Annual

Integrated

Guelph Drumlin Field



S-064

Shaw's Creek at Mississauga Rd

A

Supporting



Guelph Drumlin Field



S-065

Shaw's Creek Tributary at Highpoint Sdrd - E

A

Supporting



Hillsburgh Sandhills



S-066

Shaw's Creek Tributary at Highpoint Sdrd - W

A

Integrated



S-067

Shaw's Creek Tributary at Winston Churchill Blvd

A

Supporting





S-068

Shaw's Creek at Caledon Lake Forest Conservation Area

B

Integrated



S-069

Shaw's Creek Tributary at Garafraxa Woods Estates

B

Supporting



S-070

Credit River at Forks of the Credit Provincial Park

B

Integrated





18



Niagara Escarpment

S-071

Credit River at Charleston Sdrd

Annual

Integrated





18



Guelph Drumlin Field



S-072

Credit River Tributary at Alton-Grange Crown Land Property

B

Supporting



Guelph Drumlin Field



S-073

Credit River at Willoughby Rd

B

Supporting

Guelph Drumlin Field









17



17




17





17

Hillsburgh Sandhills



17



Hillsburgh Sandhills





17



Hillsburgh Sandhills





17



Hillsburgh Sandhills







18



19
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S-074

Credit River at Hwy 10 - S

Integrated





19



Integrated





19



S-075

Credit River at Island Lake Conservation Area

A

S-076

Mill Creek at Townline

B

Integrated





19

S-077

Mill Creek at Broadway

B

Supporting





19

S-078

Monora Creek at Island Lake Conservation Area

A

Supporting



S-079

Lower Monora Creek at 1st St

A

Integrated



S-080

Monora Creek at Monora Park

A

Supporting

S-081

Island Lake Tributary 1 at 3rd Line

B

S-082

Middle Caledon Tributary at Highpoint Sdrd

S-083
Island Lake Tributary 2b at Island Lake Conservation Area
Middle Watershed

Guelph Drumlin Field





Guelph Drumlin Field





Guelph Drumlin Field



Hillsburgh Sandhills



Guelph Drumlin Field





19





19



Guelph Drumlin Field







19



Hillsburgh Sandhills



Supporting





19



Guelph Drumlin Field



A

Supporting





19



Guelph Drumlin Field



B

Supporting





19



Guelph Drumlin Field





10





10





10



10

Below

Above

Mouth

Mid Reach

Headwater

Physiographic Region
Main River

Lower Reach (6-7)

Mid-Reach (4-5)

Subwatershed
Number

Annual



Location in
Relation to
Niagara
Escarpment

Location in
Subwatershed

Stream Order

Headwater (1-3)

Rural

Urban

Site
Name

Integration Description

Site
Number

Frequency

Monitoring Panel

Major Land
Use

S-022

Black Creek at Main St

Annual

Integrated

S-023

Black Creek at 6th Line

B

Supporting

S-024

Beeney Creek at 6th Line

B

Integrated

S-025

Black Creek at 3rd Line - S

B

Integrated



S-026

Black Creek Tributary at Alice St

B

Supporting



S-027

Beeney Creek at 5th Line

A

Integrated





10

S-028

Beeney Creek at 32 Sdrd

B

Supporting





10

S-029

Black Creek at 3rd Line - N

B

Supporting



10

S-030

Silver Creek at Hwy 7

Annual

Integrated

S-031

Silver Creek at Wildwood Rd

A

Integrated





11



Niagara Escarpment



S-032

Silver Creek at Silver Creek Conservation Area

A

Supporting





11



Niagara Escarpment



S-033

Snow's Creek at Silver Creek Conservation Area

B

Integrated





11

Niagara Escarpment



S-034

Snow's Creek at Trafalgar Rd

A

Supporting



S-035

Second Creek at Winston Churchill Blvd

B

Supporting



S-036

Credit River at King St

A

Integrated





12



Niagara Escarpment



S-037

Credit River at Glen Williams

Annual

Integrated





12



Niagara Escarpment



S-038

Roger's Creek at Winston Churchill Blvd

A

Supporting





10













Niagara Escarpment





Niagara Escarpment





Niagara Escarpment





Horseshoe Moraines



Horseshoe Moraines



Horseshoe Moraines





Horseshoe Moraines





Horseshoe Moraines








11





South Slope



11



Horseshoe Moraines



12



Niagara Escarpment



12



Horseshoe Moraines
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Subwatershed
Number

Below

Above

Roger's Creek at King St

A

Integrated



S-040

Niagara Escarpment Tributary at Jacquith Property

A

Supporting



S-041

Second Creek at Terra Cotta Conservation Area

A

Supporting



S-042

Roger's Creek Tributary at 10th Line

B

Supporting





12



Horseshoe Moraines

S-043

East Credit River Tributary at The Grange Sdrd

B

Integrated





13



Oak Ridges Moraine



S-044

East Credit River Tributary at Kennedy Rd

A

Supporting



S-045

East Credit River Tributary at Heart Lake Rd

A

Supporting



S-046

East Credit River at Horseshoe Hill Rd

B

Supporting



S-047

East Credit River at Ken Whillans Resource Management Area

Annual

Integrated





13

A

Supporting





14

Annual

Integrated





20



20

S-039

S-048

Credit River Tributary at Winston Churchill Blvd - S

S-084

Credit River at Park Rd

S-085

Credit River at Ken Whillans Resources Management Area

A

Supporting



S-086

Credit River Tributary at Ken Whillans Resource Management Area

B

Supporting



S-087
Credit River Tributary at Forks of the Credit Rd
Lower Watershed

B

Supporting



S-001

Loyalist Creek at Mississauga Rd

B

Integrated

S-002

Carolyn Creek at Carolyn Rd

A

S-003

Sawmill Creek at Burnhamthorpe Rd

B

S-004

Mullet Creek at Hwy 403

S-005

Mullet Creek at Meadowvale Blvd

S-006

12

Mouth

Mid Reach

Headwater

Physiographic Region
Main River

Lower Reach (6-7)

Mid-Reach (4-5)

Location in
Relation to
Niagara
Escarpment

Location in
Subwatershed

Stream Order

Headwater (1-3)

Rural

Urban

Site
Name

Integration Description

Site
Number

Frequency

Monitoring Panel

Major Land
Use





12





12





Niagara Escarpment



Niagara Escarpment



Niagara Escarpment




13



Oak Ridges Moraine





13



Oak Ridges Moraine





13

Niagara Escarpment









Niagara Escarpment



South Slope





Niagara Escarpment





Niagara Escarpment



Niagara Escarpment



Oak Ridges Moraine



Iroquois Plain






20





20





1

Supporting





2

Supporting





3

Annual

Integrated





4

A

Supporting





4

Fletcher's Creek at 2nd Line W

Annual

Integrated





5

S-007

Fletcher's Creek at Steeles Ave

B

Supporting





5



Peel Plain

S-008

Fletcher's Creek at Hwy 7

B

Integrated





5



South Slope



S-009

Levi Creek at Westbridge Way

Annual

Integrated





6

Peel Plain



S-010

Huttonville Creek at Lionhead Golf and Conference Centre

A

Integrated





7

S-011

Huttonville Creek at Mississauga Rd

A

Supporting



S-012

Huttonville Creek at Bovaird Dr

A

Supporting



S-013

Churchville Creek Tributary at Fahey Dr

B

Supporting



7

















7
8




South Slope



Iroquois Plain



Iroquois Plain



Peel Plain



South Slope




Peel Plain



South Slope



South Slope



Peel Plain
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Subwatershed
Number

Below

Above

Mouth

Springbrook Creek at Queen St W

A

Integrated



South Slope



S-015

Credit River at Mississaugua GCC

Annual

Integrated





9



Iroquois Plain



S-016

Credit River at Erindale Park

A

Integrated





9



Iroquois Plain



S-017

Credit River at Timothy Street Park

B

Supporting



9



South Slope

S-018

Credit River at Meadowvale Conservation Area

Annual

Integrated






9



Peel Plain



S-019

Credit River Tributary at Heritage Rd

B

Supporting

Peel Plain



S-020

Credit River at Hwy 7

B

Integrated

Peel Plain



S-021

Credit River Tributary at Bovaird Dr W

B

Supporting

Peel Plain



S-088

Sheridan Creek at Rattray Marsh Conservation Area

A

Integrated





21

S-089

Sheridan Creek at South Sheridan Way

A

Supporting





21

S-090

Turtle Creek at Glenleven Park

B

Supporting





21

S-091

Cooksville Creek at Lakeshore Rd

B

Integrated





22

S-092

Cooksville Creek at King St E

B

Supporting





22

S-014

8

Mid Reach

Headwater

Physiographic Region
Main River

Lower Reach (6-7)

Mid-Reach (4-5)

Location in
Relation to
Niagara
Escarpment

Location in
Subwatershed

Stream Order

Headwater (1-3)

Rural

Urban

Site
Name

Integration Description

Site
Number

Frequency

Monitoring Panel

Major Land
Use





9












9
9












Iroquois Plain



Iroquois Plain



Iroquois Plain



Iroquois Plain



Iroquois Plain
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Table F3. Forest Monitoring Sites
Site
Number

Site
Name

Upper Watershed
F-01
Monora Park Forest

Land Use

Subwatershed
Number

Urban

19



Rural

Ownership
Public

Private



Community Type
Deciduous

Mixed

Habitat
Patch
Size(ha)
112



F-02

Hillsburgh at Sideroad 27 Forest

15



F-03

Charles Sauriol Conservation Area Forest

18





F-04

Caledon Tract Forest

16







134

F-19

Belfountain Conservation Area Forest

15







439

F-26

Upper Credit Conservation Area Forest

18







120

F-30

Wilcox Conservation Area Forest

17







115

F-32

Orpen Lake Estates Forest

17







323

F-33

Alton Conservation Area Forest

15







186

F-34

Forks of the Credit Provincial Park Forest

18







534

12







233

Middle Watershed
F-05
Robert Baker Conservation Area Forest



60




234

F-06

Warwick Conservation Area Forest

13







191

F-07

Silver Creek Conservation Area Forest

11







370

F-09

Georgetown Credit River Valley Forest

14





141

F-25

Grange Woods Forest

12







284

F-27

Acton Swamp III Forest

10







128

F-28

Limehouse Conservation Area Forest

10







135

F-29

Willoughby Nature Reserve Forest

13

F-36

Terra Cotta Conservation Area Forest

12

Lower Watershed
F-11
Levi Creek Forest
F-12

Streetsville Forest





93





753






6







24

4







19
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Site
Number

Site
Name

Subwatershed
Number

Land Use
Rural

Ownership
Public


Private

Community Type
Deciduous


Mixed

Habitat
Patch
Size(ha)

F-13

Marco Muzzo Sr. Memorial Woods and Park Forest

3

Urban


F-14

Sawmill Valley Trail Forest

3







25

F-15

Winston Woods Forest

21







27

F-16

Brittania Woods Community Park Forest

22





F-21

Wanless Forest

7



F-22

Peddle Woodland Forest

5



F-23

Denford Woodland Forest

8b



F-31

Riverwood Forest

9



F-35

Meadowvale Station Woods Forest

5



6



5



11



4



10





52





46
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Table F4. Wetland Monitoring Sites
Site
Number

Site
Name

Upper Watershed
W-11
Credit River Pine Estates Wetland

Subwatershed
Number

15

Land Use
Urban

Rural



Ownership
Public

Private

Marsh

Mixed


93





138

Alton-Grange Crown Land Property Wetland

18



W-16

Starr Wetland

16



W-19

Island Lake Conservation Area Wetland

19

W-20

Belfountain Wetland

15





W-30

Alton-Hillsburgh Wetland

17





W-31

Alton Forest Conservation Area Wetland

15



W-32

Caledon Lake Forest Conservation Area Wetland

17

W-33

Caledon Creek North Wetland

W-42

Skywood Park Wetland

Middle Watershed
W-06
Hungry Hollow Wetland

Swamp

Habitat
Patch
Size
(ha)



W-15



Community Type






291



6



31



109





186







555

16







134

19







219

11





114



W-07

Acton Swamp III Wetland

10



W-09

Ken Whillans Resource Management Area Wetland

20





W-10

Warwick Conservation Area Wetland

13





W-34

Grange Woods Wetland

12







284

W-35

Brisbane Woods Wetland

11







267

W-36

Ballinafad Ridge Wetland

10







73

W-38

Hammer Property Wetland

10







225

W-39

Robert Baker Forest Conservation Area Wetland

12







233

W-40

Terra Cotta Forest Conservation Area Wetland

12







753

Lower Zone
W-01
Rattray Marsh Conservation Area Wetland

21







128



166






191

92
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Site
Number

Site
Name

Subwatershed
Number

Land Use
Urban

Rural

Ownership
Public

Private

Community Type
Swamp

Marsh

Mixed

Habitat
Patch
Size
(ha)
2

W-02

Credit River Coastal Marsh Wetland

9





W-03

Creditview Wetland

2





W-44

Norval at Winston Churchill Blvd. Wetland

14

W-29

Sandalwood Swamp Wetland

7



W-37

Cawthra Park Wetland

22





W-41

Meadowvale Conservation Area Wetland

9





W-43

Meadowvale Station Woods Wetland

9







45

W-45

Curtis Park Wetland

5







tbd

W-46

Birch Glen Wetland

21










5
25









5



26




42

tbd
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Appendix G: POWER ANALYSIS FOR EXISTING STUDY DESIGN

Power analysis
The power of the analysis framework to detect significant temporal and spatial trends was
assessed using simulation-based power analysis. Simulated data for five common metrics
were randomly generated using means and variance obtained from CVC’s long-term
monitoring data (D1), as well as predictions about the range of potential differences in
means over time (i.e. effect size). The simulated data were randomly generated to match
the configuration of IWMP panel design, and made to replicate sampling that had taken
place over ten years. Ten years’ worth of data were randomly generated for each of the
annual sites, but only five years of data were generated for each of the panel sites. Data for
sites in each zone was generated based on means and variance for that zone. A linear mixed
effects model was then run on the simulated data, using the analysis framework outlined in
Chapter 7. The power of this configuration to detect temporal and spatial differences was
determined by repeating the process 10,000 times and counting how many times the model
had a p-value of less than 0.05; that proportion is equal to the power (Table D2).
Table G1. Means and standard deviations (SD) of five metrics from CVC’s long-term monitoring data
used as baseline data in a power analysis of IWMP study design, with the number of years of the
data used and the range of potential values for the metric; means and SDs are presented for the
watershed overall as well as for each watershed zone (lower, middle, and upper)
Metric
Stream
Fish IBI
Surface water
WQI
Benthic HBI
Forest
Breeding bird IBI
Wetland
Vegetation FQI

Years of
data

Variable
Range

Overall
Mean
SD

Lower
Mean
SD

Middle
Mean
SD

Upper
Mean
SD

2007-2012
2002-2011

0-50
0-100

9.0
68.0

9.2
16.5

4.8
57.4

6.4
14.5

9.1
71.3

7.0
11.1

11.6
72.1

10.1
18.8

2000-2011

0-10

5.4

0.9

6.1

1.1

5.0

0.5

5.3

0.8

2002-2011

0-100

58.1

17.9

45.3

16.8

62.8

10.7

71.3

11.4

2005-2011

0-45

36.6

7.3

29.6

3.3

38.8

4.8

40.1

7.2
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Table G2. Power (β) to detect temporal (year) and spatial (zone) trends in five different metrics over
a ten-year period, using simulation-based power analysis of randomly generated data based on
means (μ) and standard deviations (SD) determined from long-term monitoring data (see Table D1)
and a range of estimated effect sizes (ES) for the temporal trend; bold font indicates a power of 90%
or greater
Model

ES
1

%
Stream
Fish IBI ~ year+zone, random=1|site

WQI ~ year+zone, random=1|site

HBI ~ year+zone, random=1|site

Forest
Bird IBI ~ year+zone, random=1|site

Wetland
FQI ~ year+zone, random=1|site

1

Unit

2

Year
β

Lower
μ
SD

Middle
μ
SD

Upper
μ
SD

Zone
β

13.0
12.0
11.0
10.0
9.0
11.0
10.0
9.0
8.0
7.0
10.0
7.0
6.0
5.0
4.5

6.5
6.0
5.5
5.0
4.5
11.0
10.0
9.0
8.0
7.0
1.00
0.70
0.60
0.50
0.45

0.95
0.92
0.86
0.78
0.69
0.95
0.91
0.85
0.75
0.64
1.00
0.99
0.97
0.88
0.82

4.8

6.4

9.1

7.0

11.6

10.1

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

57.4

14.5

71.3

11.1

72.1

18.8

6.1

1.1

5.0

0.5

5.3

0.8

10.0
9.0
8.0
7.5
7.0

10.0
9.0
8.0
7.5
7.0

0.97
0.93
0.87
0.82
0.78

45.3

16.8

62.8

10.7

71.3

11.4

1.00
1.00
1.00
1.00
1.00

12.0
10.0
8.0
6.7
5.0

5.0
4.5
4.0
3.0
2.5

1.00
0.99
0.97
0.83
0.69

29.6

3.3

38.8

4.8

40.1

7.2

1.00
1.00
1.00
1.00
1.00

Effect sizes represent the % change in the response variable over the ten-year period, e.g. 13% (increase or decrease)
over 10 years
2
Effect sizes represent the total change in the response variable over the ten-year period, e.g. 10 units over 10 years
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Table G3. Power (β) to detect spatial (zone) trends in five different metrics over 1 to 4 years of data,
using simulation-based power analysis of randomly generated data based on means (μ) and
standard deviations (SD) determined from long-term monitoring data (see Table D1); bold font
indicates a power of 90% or greater
1

Model
Stream
Fish IBI ~ zone

1
2

Lower
μ
SD

Middle
μ
SD

Upper
μ
SD

2

Years

Zone β

1
2
3
4
1
2
3
4
1
2
3
4

0.35
-0.75
0.88
0.45
0.75
0.91
0.97
0.66
0.92
0.99
1.00

4.8

6.4

9.1

7.0

11.6

10.1

WQI ~ zone

57.4

14.5

71.3

11.1

72.1

18.8

HBI ~ zone

6.1

1.1

5.0

0.5

5.3

0.8

Forest
Bird IBI ~ zone

45.3

16.8

62.8

10.7

71.3

11.4

1.00
1.00
1.00
1.00

Wetland
FQI ~ zone

1
2
3
4

29.6

3.3

38.8

4.8

40.1

7.2

1
2
3
4

0.98
1.00
1.00
1.00

Models with more than one year of data also include site as a random effect, as in WQI ~ zone, random=~1|site
Technical problems (lack of convergence) prevented analysis of fish IBI models based on two years of data
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Appendix H: COMMUNICATING RESULTS

Table H1. Common methods of communicating IWMP results, describing their purpose, audience, frequency and likely authors.
Communication
product

Purpose and Content

Audience(s)

Frequency

Author(s)

• Highlight ~five key messages and results from the previous year’s
monitoring cycle.
• Information can include emerging threats, recommended
management actions or evidence of improving conditions.

• non-scientific
• CVC internal and
municipal partners

• annual to
biennial

• division manager,
program manager or
main analyst

• Brief description of everything that was done in IWMP during a
calendar year.
• Overall watershed conditions, not trend analysis or individual site
details.
• Highlight findings of note, deliverables, partnerships, etc.
• Current status for each discipline, with discussion of general trends
but not trend analysis.
• Conditions in watershed zones and watershed overall.
• Individual site level information available.
• Recommended maximum two pages per discipline, including figures
& tables).

• non-scientific
• CVC internal and all
external stakeholders

• annual

• technical support staff
under supervision of
attribute leads

• informed nonscientific
• CVC internal,
municipal partners,
government partners,
agency partners,
scientific community
• non-scientific and
scientific
• CVC internal, all
external stakeholders

• biennial

• attribute leads
• support from other
monitoring staff

• annual

• data manager

Strategic Messaging
Presentation:
Monitoring results &
study design
Summary Reports
Report:
Annual report card

Report:
Biennial review

Web:
Dashboard

• Interactive website that provides summary data, health status and
trends for monitoring sites.
• Users click on a monitoring site on the map and link to data for key
metrics at that site.
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Communication
product

Purpose and Content

Audience(s)

Frequency

Author(s)

• Current status and long-term trends for each discipline, with full
analysis of spatial and temporal effects.
• Conditions in watershed zones and watershed overall, not individual
sites.
• In-depth discussion of patterns and drivers.
• Recommended maximum ten pages per discipline.

• scientific
• CVC internal,
government partners,
agency partners,
scientific community

• main analyst and attribute
leads
• support from other
monitoring staff

• scientific
• CVC internal,
government partners,
agency partners,
scientific community
variable (likely
scientific)

• periodic

• main analyst, attribute
leads, technical support
staff

• attribute leads
• support from other
monitoring staff

Presentations

• Communicate results and achievements internally & externally.

• scientific
• CVC internal,
government partners,
agency partners,
scientific community
• variable

• periodic

Monitoring
Protocols

• Question-based studies examining status and trends in target
disciplines (e.g. fish, benthics) and how they relate to other
disciplines (e.g. water chemistry, flow).
• Each report focuses on a subset of sites that share some
characteristic(s), e.g. sites downstream of waste water treatment
plants.
• Bulletins or notes addressing specific questions, unique or notable
findings, or site level characterization of monitoring stations.
• Examples: methodology reviews, site level bulletins integrating trend
and status data, urban forest management recommendations,
articles highlighting trends of concern (e.g. declining brook trout
populations).
• Conceived and produced on an ad hoc basis.
• Documents should be as short as possible.
• Documents outlining details of monitoring protocols and standard
operating procedures.
• Detailed documents that provide information necessary to replicate
and interpret results collected. by the methods outlined

• once 3-5
complete
panels
worth of
data
becomes
available
• periodic

• periodic

• division manager, program
manager, main analyst,
leads, technical support
staff

Analysis and Synthesis Reports
Report:
Long-term
watershed
monitoring report

Report:
Integrated analysis

Report:
Monitoring bulletins
& notes

Report:

•

• main analyst and attribute
leads
• support from other
monitoring staff
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Communication
product

Purpose and Content

Audience(s)

Frequency

Author(s)

Report:

• Communicate research findings externally.

• scientific

• periodic

• main analyst and attribute
leads
• support from other
monitoring staff

Journal articles
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Appendix I: INSTITUTIONALIZATION OF IWMP

Table I1. Key recommendations and anticipated strategies to ensure institutionalization of IWMP.
Recommendation

Strategy

Relevance
Understand information needs of current and
potential partners.

• Meet with internal and external partners to assess needs.
• Develop IWMP Reference Series Volume Three: Communication
Plan, which will outline how results will be shared with different
audiences using appropriate products.

Reliability
Undertake periodic review of the measured
indicators to ensure they are reliable and relevant to
IWMP.

• Develop a streamlined process for indicator and program review.
• Complete review approximately every 10 years.
• Adjust program components if feasible.

Complete a program review and refinement
periodically to ensure the program continues to be
relevant, reliable and compatible with CVC’s strategic
plan and vision.
Provide detailed documentation of data collection,
management, analysis and reporting.

• Develop IWMP Reference Series Volume Two: Data Standards and
Information Management.

Implement procedures that ensure data are
complete, accurate and available for use.

• Ensure procedures are implemented by:
a) Establishing clear roles and responsibilities within IWMP
b) Resolving data management issues
c) Allocating sufficient resources to staff training

Commitment
Report results regularly.

Commit resources to a complementary research
component that will investigate the underlying
causes of observed patterns and trends in the
monitoring data.

• Develop IWMP Reference Series Volume Three: Communication
Plan, which will outline how results will be shared with different
audiences using appropriate products.
• Develop a CVC-wide decision framework that clearly outlines how
monitoring information is used and who is responsible for the
following tasks:
a) Identification of emerging threats and concerns,
b) Identification of thresholds that will trigger reporting and
action,
c) Identification of necessary management actions; and
d) Implementation of defined management actions
• Implement the approved cause and effect program to further
investigate patterns and trends observed in the monitoring data.
• Ensure adequate resources are allocated to completing the work
and providing staff with necessary training.

Develop and maintain partnerships with external
groups and agencies

• Pursue opportunities to standardize analysis and reporting with
partner agencies to streamline messaging of information.

Create a feedback loop that formalizes how
monitoring data is used to inform strategy
development and resource management.
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