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Executive Summary 
 
Slocan Forest Products – Plateau Division (Slocan) is currently preparing a Sustainable Forest 
Management Plan (SFMP) for its operations in the Vanderhoof Forest District.  Within the SFM 
framework a set of criteria and indicators are used to demonstrate the sustainability of ecological, 
social and economic “values” in a forest management unit.  A component of the ecological values is 
the maintenance of aquatic ecosystems so that their productivity, structure and biological richness 
are sustained (Slocan 2003).  This project was initiated to develop aquatic ecosystem indicators that 
are effective for tracking trends in aquatic ecosystem health in forested watershed, while providing 
forest managers with sufficient warning to modify forest practices before impairment occurs. 
 
A review of literature, interviews with government staff and university researchers and a web search 
were undertaken to identify current approaches to aquatic indicators.  Over 130 aquatic ecosystem 
indicators were identified and evaluated based on the B.C. SFMP Working Group (2002) list of 
characteristics for good SFM indicators: 1) measurable, 2) can be forecasted, 3) relevant, 4) 
understandable, 5) valid and 6) cost effective.  The aquatic ecosystem indicators that were rated 
high (> or = 15) were considered for inclusion in one of four draft aquatic ecosystem indicator 
frameworks.   These frameworks were presented for discussion to Slocan and at a workshop for 
local resource managers.  Refinements to the frameworks were undertaken to capture the feedback 
received at these meetings.   
 
This report recommends an aquatic indicator framework based on identification of "best 
management practices" and staff and contractor training coupled with an assessment of landscape 
level forestry pressures for individual watersheds.  If the thresholds at the watershed level are 
exceeded field assessment of the application of "best management practices" for those particular 
watersheds are recommended.  
 
The report outlines actions that can be undertaken in 2004 to implement the recommended aquatic 
ecosystem indicator framework for Slocan - Plateau Division.   
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1.0 Introduction 
 
Slocan Forest Products Ltd. – Plateau Division (Slocan) is currently preparing a Sustainable Forest 
Management Plan (SFMP) for its operations in the Vanderhoof Forest District (Figure 1).  An 
integral part of this process is the development of Criteria and Indicators (C&I) of sustainable 
forest management.  These C&I can be used both to provide a strategic and systematic means of 
creating and evaluating forest management options and to foster the development of adaptive 
management programs (Slocan 2003).  Concurrently with the creation of the SFM framework, 
Slocan will apply to the Canadian Standards Association (CSA) for forest certification.  It is 
Slocan’s intent that the CSA certification process will rely heavily on their SFM framework. 
 
Within the SFM framework a set of criteria and indicators are used to demonstrate the sustainability 
of ecological, social and economic “values” in a forest management unit.  A component of the 
ecological values is the maintenance of aquatic ecosystems so that their productivity, structure and 
biological richness are sustained (Slocan 2003).  This project was initiated to develop aquatic 
ecosystem indicators that are effective for tracking trends in aquatic ecosystem health in forested 
watershed, while providing forest managers with sufficient warning to modify forest practices 
before impairment occurs.  Specific objectives of this project were to: 

 Review and summarize the current approaches to the development and use of aquatic 
ecosystem indicators in sustainable forest management and other sectors.  
 Develop a conceptual framework for aquatic ecosystem indicators based on the potential 

impacts to aquatic habitat from forestry. 
 Develop a "working draft" set of indicators, measures and thresholds for each indicator. 
 Organize a workshop for local resource managements to gather local information and 

responses to the "working draft" set of indicators. 
 Prepare a final draft report outlining recommendations for indicators, their advantages and 

disadvantages, measurements, and thresholds.   
 Provide recommendations for follow-up in 2004. 

 
 
2.0 Methodology  
 
A literature search was undertaken to identify aquatic ecosystem indicators.  The literature search 
was conducted using the Internet, interviews and library searches.  Known government websites 
were searched and web search engines were used to find non-government websites.  Search terms 
used included aquatic indicators, cumulative watershed effects and the components of aquatic 
ecosystems.  Many websites contained links to related websites and these were also searched.  
Relevant articles were downloaded from over 40 different websites.  We also searched the libraries 
of the University of Northern B.C., University of B.C., University of Alberta, College of New 
Caledonia, Oregon State University and the internal library of P. Beaudry and Associates Ltd. 

P. Beaudry and Associates Ltd 2 
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The types of websites/organizations contacted included: 

• International Sustainable Forest Management Organizations;  
e.g. Canadian Council of Forest Ministers, Sustainable Forest Management Network, North 
American Lake Management Society, Council of International Forest Researchers, etc.   

• Western Canadian and American universities;  
e.g. University of British Columbia, University of Alberta, Oregon State University, 
Washington State University, etc.  

• Provincial, federal and international public agencies;  
• Forest licencees in western Canada;   

e.g. Weyerhauser, Lignun, Canfor Ltd, Weldwood, Canadian Model Forests, etc. 
• Organizations working in fish habitat and watershed management.   

e.g. Canadian Water Resources Association, Alberta Conservation Association, Oregon 
Watershed Enhancement Board, etc. 

 
We interviewed government staff and university researchers in British Columbia and Oregon who 
are involved in aquatic indicators and watershed management.  The people interviewed identified 
articles, websites and other aquatic researchers, and they were also contacted.  The list of people 
interviewed is provided in Appendix 1.   
 
All of the articles that were downloaded or obtained from the libraries or interviews were reviewed 
to identify aquatic ecosystem indicators and their elements (Appendix 2).  The elements required for 
the indicator were identified by Slocan and include the indicator, measures and thresholds.  We also 
identified any comments on the advantages and disadvantages of each indicator, for example its 
scientific basis.  This information was collated in a table that listed all the indicators identified 
(Appendix 3).  Articles that provided any of the information were listed as reference sources in the 
table and were included in the literature database.  There were over 130 indicators of aquatic 
ecosystem health identified in the literature review.   
 
In an effort to identify the best and most meaningful indicators amongst the collection identified, we 
ranked them all according to a set of seven pre-defined criteria often referred to in the literature 
(B.C. SFMP Working Group 2002, Center for International Forestry Research 1999, Reid 2003, 
Whitman and Hagan 2003).  The seven criteria were: 

1. Measurable and quantifiable; the indicator can be described numerically and objectively. 
2. Cost; 
3. Clear scientific basis (valid); the indicator is supported by scientific research; well 

grounded in biological or physical principles. 
4. Transparent methodology (understandable); clear methods are available on how to apply 

the indicator. 
5. Reasonable threshold can be developed; existing data are available or there are feasible 

approaches to collect the necessary data. 
6. Represents a true potential impact (relevant); the indicator will respond to forestry 

activities in the interior of British Columbia. 
7. Can be used in strategic/development plans (forecasting); the indicator can be used to 

predict future changes in the aquatic environment and respond quickly enough to provide 
results in the desired time-frame. 

P. Beaudry and Associates Ltd 4 
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Each of the indicators identified in the literature were evaluated and given a score on a scale ranging 
from 0 (poor) to 3 (good) for each of the seven criteria.  The score values for each criterion were 
then added for a total "quality of indicator" score, out of a possible score of 21.  The scores obtained 
for each indicator are listed in Appendix 3. We did not find any indicators that obtained a perfect 
score of 21, and the highest score was 18 for several indicators.  Indicators with scores of 15 and 
larger were considered for the aquatic indicator frameworks, these indicators are presented in a 
separate table in Appendix 3. In an effort to reduce the total number of indicators that we needed to 
consider for our framework, we eliminated all indicators that had a total score of less than 15. We 
then developed our draft aquatic ecosystem frameworks from those high scoring indicators.   
 
A literature database was developed to provide the source of the reference material used.  The 
literature database is a fully searchable Excel database that includes the author, title, source 
(including website if applicable) and keywords.  Instructions on how to query this database, and the 
keywords are provided in the Excel file and Appendix 2.  This database provides material to support 
the identified indicators and frameworks. 
 
During the literature search we found that classification of SFM indicators was often done using a 
pressure-state-response model (World Resource Institute 1995, Brown 2003).  This classification 
system evaluates how indicators assess the impact on the environment.  We have used this 
classification system in our aquatic indicator frameworks to make them easier to compare to other 
indicators.  Pressure indicators describe the level of pressure or stress affecting the environment.  
An example of a pressure indicator is the level of harvesting in a watershed, which measures the 
pressure of forestry activities on the aquatic resource.  State indicators describe the current 
condition or " state" of the environment.  The annual number of fish returning to a particular river is 
an example of a state indicator.  State indicators were considered more acceptable to the public 
(Hamilton 2002), but usually are the most costly.  Response indicators describe the level of human 
actions taken to reduce the pressure or impact on the environment.  An example of a response 
indicator is the percent of streams with riparian retention. 
 
We were also asked to identify the current government approach or policy towards the development 
and use of aquatic indicators for sustainable forest management.  From our interviews with 
provincial government staff they indicated that at this point the government is neutral, relative to the 
issues of criterion and indicators for forestry certification.  The Ministry of Sustainable Resource 
Management commissioned a compilation of SFM indicators in 2003 (Brown 2003), however no 
recommendations or rankings have followed this inventory.   
 
The new Forest and Range Practice Act (FRPA) has an Effectiveness Evaluation Program that will 
be used to validate the government objectives of management of identified resource values.  This 
process is similar to SFM criteria and indicators process, however the terminology and general 
objectives are different.  The criteria of the SFM process are similar to resource values in FRPA, the 
goals in SFM are objectives in FRPA, the indicators in SFM process are indicators in FRPA and the 
targets and thresholds of SFM are results in FRPA (FRPA 2004).  The government's objective is to 
manage the provincial landbase to meet public expectations and a company's objective with SFM 
planning is to manage forestry practices on an identified landbase for sustainability.  The 
Effectiveness Evaluation Program has different intensities of measurement from routine 

P. Beaudry and Associates Ltd 5 
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assessments that are rapid methods of field sampling through extensive to intensive assessments that 
are detailed field measurements that may occur over a few years.  The different intensity levels of 
assessment have been included in the aquatic indicator frameworks.  It is expected that recognizing 
the commonalities between these two processes will make the aquatic indicator framework more 
easily transferable to meet FRPA requirements. 
 
 
3.0 Framework Development 
 
We found that the high scoring indicators could be grouped into one of four broad categories.  
These four categories are listed below: 

1. Indicators based on measurements of "best management practices";  
2. Indicators based on easily measured landscape and watershed parameters using GIS or air 

photos; 
3. Indicators based on field measurements and  
4. Indicators that were combined or tiered. 

 
Indicators based on measurements of "best management practices" (BMPs) were generally response 
indicators and included both office and field measurements.  BMP indicators were suggested and 
used by many groups. For example, the Canadian Council of Forest Ministers (2003) recommends 
using the percentage of forest area having road construction and stream crossing guidelines in place 
(i.e. Indicator 3.2.2).  The Oregon Department of Forestry (Dent and Robben 1999) has conducted 
field monitoring of BMPs for level of compliance.  They have looked at BMPs for road construction 
and maintenance, fish passage and stream crossing compliance, harvesting and riparian retention.  
There are 4 Canadian model forests that include BMP indicators in their SFM plans (von Mirbach 
2001). 
 
Indicators based on easily measured landscape and watershed parameters using GIS or air photos 
were mostly pressure indicators and were all office-based measurements.  Examples of GIS 
measurements are "number of stream crossings in a watershed" or " percent of riparian 
disturbance".  These types of indicators are used in B.C. and a well-known example is the Interior 
Watershed Assessment Process (IWAP) version 1 (B.C. Ministry of Forests 1995). Watershed 
Assessment Procedures have been used throughout BC and the process measures a number of 
watershed parameters and relates them to an identified threshold.  The IWAP process has been 
adapted to the climate and terrain of Alberta and is used there (Mayhood et al. 1997).  Many 
licencees in BC have chosen one GIS measurement or several GIS measurements for their SFM 
plans (Brown 2003).  These measurements are based on research conducted initially by the U.S. 
Forest Service on cumulative watershed effects on forest lands (Rice et al. 1979).   
 
The third category includes indicators based on field measurements.  These are mostly state 
indicators.  Indicators using field measurements are being developed and applied by many groups.  
The following examples of high-scoring indicators cover a range of aquatic ecosystem components: 

1. Rapid bio-assessments of invertebrates, fish and other aquatic organisms are being 
developed and applied on large and small scales in the U.S. (US EPA 2003).  

2. The B.C. Ministry of Forests is working on assessment of riparian retention along streams 
(FRPA 2004).  Their methods have been field tested with Weyerhaeuser on the coast and 

P. Beaudry and Associates Ltd 6 
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they are currently been calibrated for different biogeoclimatic zones and watershed 
characteristics throughout B.C. (P. Tschaplinski, pers. comm., March 2004). 

3. P. Beaudry and Associates Ltd. has developed and validated a stream crossing quality index 
for Canfor Ltd. that has been used in northern B.C. and Alberta (Canadian Forest Products 
Ltd. 2001).  

4. The Channel Assessment Procedure Guidebook (B.C. Ministry of Forests 1996) has been 
applied throughout B.C. to assess stream channels, mostly to identify potential for 
restoration projects.  

 
This category of indicators includes the use of water quality guidelines and associated in-stream 
measurements of water quality.  However water quality measurements are not included in our 
indicators framework because they all scored below 15.  The Forest Practices Board (2003) 
reviewed the southern interior BC community watershed studies and found water quality guidelines 
difficult and expensive to monitor and difficult to legally enforce.  In a recent review by the 
Ministry of Forests Toews and Gluns (2003) expressed similar concerns about the difficulties of 
using water quality monitoring as an indicator of aquatic health. A report completed by Summit 
Environmental Consultants Ltd. (1997) identified that 6 to 10 years of water quality baseline data 
was required before any impacts on water quality could be identified, mostly due to the high natural 
variability of water quality parameters 
 
The fourth category of aquatic indicators that we identified is the combined or tiered approach to 
indicator development.  These include processes that start with broad, easily acquired indicators and 
then focus on more intensive measurements as the situation approaches or surpasses a critical 
threshold.  Usually they start with GIS procedures and are followed with field measurements.  
IWAP version 2 is an example of a tiered approach, where GIS analysis is used to look at all the 
watersheds and identify problem areas, which are then visited in the field (B.C Ministry of Forests 
1999).  The Canadian Council of Forest Ministers (2003), the Sustainable Forest Initiative (2004) 
and the U.S. Environmental Protection Agency (2003) approaches have core indicators that apply to 
all areas and then other indicators that are specific to local conditions.  A tiered approach was 
proposed for monitoring land use impacts on fish sustainability in forest environments (Gustavson 
and Brown 2002).  This approach proposed using GIS measurements for land use pressures 
followed by stream and fish measurements. 
 
One of our main goals during the development of the aquatic indicator frameworks was to make 
sure that each framework addressed a broad range of potential impacts to the aquatic ecosystem. In 
order to identify which processes were addressed we created four broad categories of potential 
impacts: These include:  
 

1. effects for forest practices on quantity and timing of streamflow;  
2. effects of forest practices on water quality (e.g. temperature, turbidity, sedimentation, other 

pollutants); 
3. direct effects of forestry activities on aquatic organisms; and 
4. effects of forestry activities on aquatic habitat including riparian habitat. 
 

In each framework, we clearly indicated which aquatic ecosystem component is addressed by a 
particular indicator.  

P. Beaudry and Associates Ltd 7 
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Based on the four categories (or groupings) of indicators, we developed four proposed indicator 
frameworks. Each framework is designed to work as a stand alone unit and all of the indicators and 
processes in a framework would be applied to assess the criterion.   It is possible for a framework to 
be implemented in stages; as measures and thresholds are identified subsequent portions of a 
framework can be implemented. 
 
Each framework identifies the components of the indicator, i.e. 1) the indicator, 2) it's measures, 3) 
the ease in establishing the threshold, and 4) proposed validation.  To clarify links between these 
frameworks and other indicators, the type of indicator (i.e. pressure, state, response) and how the 
measurement intensity of the indicator matches FRPA's Effectiveness Evaluation Program is 
provided.  
 
The draft frameworks were presented to Slocan for review on February 23, 2004, at a corporate 
meeting in Vancouver.  A couple of issues for fine-tuning the draft frameworks were identified at 
that meeting.  The links between the different levels in framework 4 required clarification and when 
rehabilitative practices would be considered required clarification.  This information has been 
incorporated into the frameworks presented in this report.  Slocan requested that all the draft 
frameworks be presented at the workshop.  
 
The aquatic indicator workshop was organized and delivered as planned on March 2, 2004. The 
objective of the workshop was to gather feedback from the natural resource management 
community about the draft framework before it was finalized.  More details about the workshop are 
presented in Section 5.0 of this report.  Workshop participants provided excellent feedback about 
the proposed framework (see section 5), which has been incorporated into the aquatic ecosystem 
frameworks presented in this report.  The 4 aquatic indicator frameworks are provided in the next 
section of the report, followed by a table of the disadvantages and advantages of each framework.  

P. Beaudry and Associates Ltd 8 
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4.0 Description of Proposed Frameworks 
 
 
4.1) Aquatics Indicator Framework #1 – BMP based indicators 
 
Framework #1 is based on the development and/or identification of best management practices 
(BMP) for the protection of aquatic resources within a designated operating area. A complete 
implementation of this framework would include the following four steps:  
 

1. Identification and or development of BMPs.  Standard operating procedures (SOP) can be 
viewed as a type of BMP.  

2. Effective training of appropriate staff in the proper implementation of BMPs.  This step 
includes “testing” of the trainees to make sure that training information is well understood.  

3. A field audit to determine if the BMPs are actually being implemented as intended or 
described.  

4. “In-stream” or “near stream” measurements to determine if the BMPs are actually effective 
in protecting the aquatic environment.   

 
 
Our review of the literature identified the use of BMPs as a very popular type of sustainable forest 
management indicator. The Great Lakes Forest Alliance (Saunders 2002) states that monitoring 
compliance with established BMPs may be the most practical indirect measure of effects of forest 
practices on water quality. The four steps identified above need not be implemented all at once, but 
can be implemented gradually and progressively over time.  
 
It is important for the success of this framework that the BMPs be clearly established and published 
so that all workers are well informed of particular expectations.  We have provided some examples 
below of BMPs that could be established and implemented in a designated forest area. These BMPs 
address issues of site specific concern and typically do not address watershed level concerns. This 
could be considered as one of the disadvantages of this approach.  
 

a) Erosion and sediment control practices at stream crossings and in the vicinity of aquatic 
environments.  

b) Riparian management practices for small streams 
c) Procedures and practices for maintaining natural drainage patterns.  
d) Use of chemical products in the vicinity of an aquatic environment (e.g. herbicides and 

pesticides) 
e) Culvert and bridge sizing to accommodate high flows 
f) Culvert use and installation to ensure adequate fish passage 
g) Road building and maintenance in potentially unstable terrain 

 
 
The details of this framework are presented in Table 1 below.  
  

P. Beaudry and Associates Ltd 9 
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Criteria: Conservation of Soil and Water Resources 
Table 1.  Framework 1     BMP or "SOP" Model 
 

Aquatic Ecosystem 
Component 
Addressed1 

Indicator  

  

   
Measures

F  Q O H

Threshold Validation Type

Percent of area managed 
under a set of predefined 
aquatic BMPs, or approved 
standards.  

Clearly Establish/Identify and “publish” a set of 
aquatic BMPs.  For example: 

• FRPA riparian management area regulations 
• Local DM policy of small stream management 
• FPC fish stream crossings guidebook. 
• Sediment and erosion control manual or 

handbook 
• Extent of acceptable disturbance in the 

watershed 
• Practices on landslide prone terrain 
• Silviculture guidelines for herbicides and 

fertilizers 
Measure the percentage of the total operating areas 

where these BMPs are being applied. 

X    X X X Easy to 
establish. 

 
 
 
 
An “audit” to see how 
much is being applied as 
described in the published 
BMP. 
 

Response 

Percent of staff and 
contractors trained in 
appropriate implementation 
of identified aquatic BMPs 
and standards. 

Provide staff training and record course 
completion. 

X    X X X Easy to 
establish 

Field "audit" to see if 
trained operators are 
applying BMPs effectively Response 

Percent of sites that have 
passed an implementation 
audit of published BMPs 

Establish the number or percent of sites to audit. 
Record % of work with BMPs and standards 

implemented effectively and as prescribed. 
X    X X X Easy to 

establish 

Field measures/ monitoring 
to determine if aquatic 
BMPs are effective. 

Response 

“In-stream” or “near-
stream” measures to test if 
BMPs are actually 
effective.  

• Upstream/downstream of crossing turbidity 
measures  

• Appropriate sub-suite of FRPA riparian 
extensive indicators 

• - Road drainage survey 

X     X X X

 

State 

                                                 
1 F = flow and timing; Q = water quality; O = organisms and H = habitat. 
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4.2) Aquatic Indicator Framework #2 – GIS Based Indicators 
 
Framework #2, presented in Table 2, is based on a series of pressure indicators that are easily 
measurable using a geographic information system (GIS) and/or a series of recent air-photos.  The 
methodology used to measure these indicators is well documented in the literature, providing a very 
consistent approach and thus a high level of repeatability.  The six indicators listed in Table 2 are 
those that yielded the highest scores for this category.  This suite of indicators, when used together, 
will address all four categories of impacts described earlier (i.e. flow, quality, organisms and 
habitat).  
 
These indicators are very similar to those used in both versions of the Interior Watershed 
Assessment Procedure (B.C. Ministry of Forests 1995, 1999).  Although these indicators are easy 
and relatively inexpensive to measure, they do not provide any direct information about the actual 
state of the aquatic environment.  The only information that they do provide is relative to 
“pressures” on the aquatic environment that are created by industrial development in the watershed.  
Unfortunately, for the most case, there is inadequate or conflicting scientific information about what 
is a reasonable threshold value for sustainable watershed management, for a given watershed, for 
any given indicator.  Different watersheds, with different characteristics will likely have different 
thresholds before negative impacts will occur.  It is thus very difficult to establish thresholds that 
are meaningful and credible and will be accepted by a wide range of resource management 
professionals, without the use of some associated field-based assessments.  
 
Typically, most SFM plans that use GIS-based indicators do not have any field-based measurements 
associated with them, i.e. there is no explicit field validation component.  This common situation 
limits the meaningfulness of this type of indicator as there is no way of knowing if a chosen 
threshold is appropriate for the objective of maintaining aquatic health within a certain watershed.  
The validation of any one of the indicators listed in Table 2 can be very difficult because of the 
presence of a multitude of confounding land-use activities and the difficulty in identifying which 
one is actually causing the negative impact.  
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Criteria: Conservation of Soil and Water Resources 
Table 2.  Framework 2     GIS Model 
 

Aquatic Ecosystem 
Component Addressed1 

Indicator  

 
   

Measures

F   Q O H
Threshold Validation Type

Percent of watershed 
recently (20 years) burned 
or harvested (or ECA or 
PFI) 

Identify watershed boundaries. 
Using GIS measure forest cover by age 
and size of disturbance within a 
watershed. 

X     Easy to
establish. 
Established 
by 
watershed. 

Difficult to validate. 
 
Field monitoring at landscape scale; 
requires historical variability for 
comparisons.  

Pressure 

Road density  Identify the length and density of roads 
within a watershed using GIS. 

X    X Easy to
establish 

 Difficult 
 
Landscape scale studies are required to 
find links to rate/timing of flows, 
sedimentation etc.  

Pressure 

Percent of riparian 
disturbance 

Identify length of riparian disturbance on 
air photos using GIS or by an aerial flight 
within a watershed. 

      X X X Easy to
establish 

Difficult  
 
Field measures to determine impacts of 
different types of riparian disturbance 

Pressure 

Stream crossing density Identify the number and density of stream 
crossings in a watershed using GIS 

      X X X Easy to
establish 

Difficult  
 
Landscape scale studies are required. 

Pressure 

Landslide density Identify the number of land-use related 
landslides reaching streams using air-
photos and recon over flights within a 
watershed. 

      X X X Easy to
establish 

Difficult 
 
Field measures to determine impacts of 
landslides to streams. 

Pressure 

Road density on unstable 
slopes 

Measure the road density on slopes with a 
class 4 and 5 slope stability hazard rating 

      X X X Easy to
establish 

Difficult Pressure 

                                                 
1 F = flow and timing; Q = water quality; O = organisms and H = habitat. 
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4.3) Aquatic Indicator Framework #3 - Field Indicators 
 
The third framework, presented in Table 3, uses a series of field-based measurements to assess the 
“state” of the aquatic environment.  This list of indicators was chosen from the highest scoring 
field-based indicators identified in our literature review.  The collection of indicators presented in 
Table 3 was selected in an effort to address all four of the aquatic ecosystem components described 
in section 3 of this report.  These types of indicators tend to be the most favored by the general 
public because they are actually measuring the “state” of the aquatic environment.  However, these 
indicators are generally time consuming and expensive to measure and the interpretations of the 
results can be difficult and inconclusive.  For example in the Morice &Lakes IFPA process, they 
have concluded that after several years of collection of benthic invertebrate samples the results are 
too variable to provide any conclusive information about the relationship between forestry activities 
and aquatic health (IFPA newsletter April 2003, no. 21).  Consequently, they have decided to 
eliminate this indicator from their sustainable forest management planning process (Jim Burbee, 
pers. comm., Jan. 2004).  
 
Our review of the literature identified that these types of indicators are rarely used for sustainable 
forest management plans.  We speculate that this is because of the relatively high costs associated 
with the measurements and interpretations of these indicators.  Rather than being used as actual 
SFM indicators, they are more often used as validation tools for BMP or GIS type indicators.  It is 
expected that these types of indicators will be used in the Forest and Range Practices Act (FRPA) 
effectiveness evaluation program.  The government is currently developing a series of field-based 
methodologies, at various intensity levels, that will be used to evaluate the effectiveness of various 
forest practices.  
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Criteria: Conservation of Soil and Water Resources 
Table 3.  Framework 3     Field Indicator Model – “In-stream” or “Near stream”  
 

Aquatic 
Ecosystem 
Component 
Addressed1 

Indicator  

  

   Measures

F  Q O H

Threshold Validation Type

Sediment source hazard 
assessment (e.g. SCQI). 

Field based assessment of effectiveness 
of sediment and erosion control at 
stream crossings 

 X     X X Easy to determine. Easy to validate.
 
Compare turbidity above and below 
crossings. 

State 

Percentage of barriers to 
fish passage identified and 
removed.  

Field assessment (e.g., Fish passage 
culvert inspection (FPCI) followed by 
rehabilitative measures. 
Record # sites successfully 
rehabilitated. 

X     X X Easy Easy. 
 
Conduct FPCI’s after rehabilitation 
measures have been implemented.  

State 

Percentage of riparian 
buffers that are effective 
(using FRPA 2004 rating to 
extensive level). 

Field measurements of buffer 
components and characteristics around 
water bodies. 

      X X X Easy Difficult to validate.
 
Monitor to identify effectiveness of 
buffers. 

State 

Percent area that has 
maintained natural stream 
drainage patterns. 

Field survey of locations of cross-
ditches, culverts, stream diversions, etc. 

X X   Easy Field survey of roads for natural 
drainage patterns. 
 
 

State 

Benthic Invertebrate 
Populations 

Field survey using a rapid 
bioassessment protocol (e.g. US EPA). 
Richness, composition, tolerance and 
tropic/habitat measures are considered 
to assess the Biological Integrity of 
Benthic Invertebrates. 
Determine suitable sample sites and set 
reference conditions. 

       X X X Difficult Difficult
 
Compare benthic invertebrate 
samples to reference conditions set 
for a watershed. State 

 

                                                 
1 F = flow and timing; Q = water quality; O = organisms and H = habitat. 
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4.3) Aquatic Indicator Framework #4 – Combined Approach 
 
This framework (Table 5) is an attempt to incorporate the “best” of the other three frameworks, 
while trying to avoid, as much as possible, their disadvantages.  It is also a tiered approach, which 
involves a succession of measures (or procedures) of ever increasing complexity and costs.  This 
framework builds on a base of easily measured BMP and GIS indicators and moves towards the 
measurement of more expensive field-based indicators as certain thresholds are attained or 
exceeded.  The objective with this framework was to design something that would not be overly 
expensive to implement initially.  The use of the more expensive field measurements would be 
“phased-in” slowly over time if certain pressure indicators identified any potential concerns for 
aquatic health.  We have also incorporated an adaptive management component into this 
framework, which is discussed below.  
 
The intent of this framework is to address both the site-specific concerns that can be generated by 
forest practices, such as stream crossing management, and the landscape issues such as level of 
disturbance within a watershed.  We think that it is very important to address both of these scales as 
much as possible if protection of aquatic values is to be achieved.  Framework #4 presented in this 
report has been altered from the earlier version presented at the workshop of March 2, 2004.  This 
was done to improve the framework, clarify some of the links and feedback mechanisms and to 
address some of the comments and concerns expressed at the workshop  
 
The first step of this framework is to develop and clearly identify the aquatic related BMPs that will 
be used in your operations (see framework #1).  This step also includes an indicator to address 
training issues of staff or contractors in the appropriate implementation of the BMPs.  This step 
targets mostly site specific issues such as erosion and sediment control and riparian management of 
small streams.  The main objective of this step is to demonstrate that appropriate BMPs have been 
developed and documented and that they are being implemented on the ground.  It is critical that the 
selected BMPs be clearly documented and easily available to all who may need them.  This is 
important so that all workers (including operators, supervisors and managers) are clearly informed 
about the expectations of the company relative to issues around the protection of the aquatic 
resource.  The thorough documentation of the BMP is also important in the future auditing and 
adaptive management process to determine if the work was completed as intended or if the work 
was simple done wrong.  If the audit demonstrates that the work was completed correctly but the 
BMP is found to be ineffective, then the BMP can be improved.  By placing this as the first step in 
the procedure, we are emphasising the importance of clearly documenting corporate best 
management practices so that everyone knows what is expected and an effective adaptive 
management process can be implemented.  We think that it is most important that the company 
ensures that individual practices at the site level be well planned and executed and according to best 
current knowledge and that they have a process to audit and alter these practices if they prove to be 
inadequate.  Of course the development of corporate BMPs does not have to start from scratch, but 
can rely heavily on sources such as: a) published government standards, 2) current standard 
operating procedures (SOP) or 3) information already published in the literature.  
 
The second step of this framework is designed to address broader watershed level issues by using a 
carefully selected series of GIS-based pressure indicators.  The first task of this step of the 
framework is to divide your entire operating area into appropriately sized watersheds.  For the 
Vanderhoof area we suggest a watershed size in the approximate range of 50 to 100 km2.  For each 
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of these watersheds, the GIS indicators identified in Table 5 would be computed and a sensitivity 
class would be assigned.  A conservative set of threshold values would be assigned for each GIS 
indicator by watershed.  If the threshold value is exceeded then that can be used as an “early 
warning” sign to indicate that the level of development within that particular watershed may have 
the potential to negatively impact aquatic resources.  The resulting action would be to initiate 
appropriate field investigations associated with the indicator that exceeded its threshold (Table 4).  
These “actions” are listed below and identified in step three of Table 5 (i.e. step 3 of the 
framework).  
 
Table 3. Recommended field investigations when GIS threshold values are reached.  
 

GIS indicator Recommended Threshold 
Value 

Recommended field investigation if 
threshold is exceeded 

Percent disturbance in the watershed 
(e.g. ECA or PFI) 

The threshold value would be 
established based on a five class 
“watershed sensitivity” rating”. 
ECA thresholds would range 
between 25 and 40%.  

- Stream channel stability assessments based on 
channel riparian assessment procedures  

Stream crossing density 
 
Note: This indicator addresses the 
following potential watershed 
concerns as a result of having many 
stream crossings: 
- erosion and sediment delivery 
- maintenance of natural drainage 

patterns 
- fish passage concerns 
- sufficient size for  the passage of 

peak flows  
 

- Moderate hazard threshold 
would be 0.3 crossings/km2 

- High hazard threshold would be 
0.4 crossings/km2 

- A stream crossing sediment source hazard 
assessment. An example of this type of 
procedure would be the Stream Crossing 
Quality Index. This assessment could be used 
as an auditing procedure of erosion control 
best management practices.  

 
- An assessment that evaluates the effectiveness 

of maintaining natural drainage patterns 
would address concerns raised by a high 
crossing density and could also be used as a 
BMP auditing procedure. 

 
- A fish passage assessment survey. This could 

also be used as a BMP auditing procedure.  
 
- An assessment to determine if stream crossing 

structures are meeting peak flow 
requirements.  This could also be used as a 
BMP auditing procedure.  

Percent lakes accessible by road A threshold for this indicator 
needs to be determined 

This indicator is meant to address human 
pressures on lake fisheries through recreational 
fishing.  Consequently, if thresholds are 
exceeded the field assessment would focus on 
determining if fishing pressures are indeed high.  
If they are road de-activation could be 
contemplated.  

Percent of the length of all small 
streams located within a watershed 
that are within a cutblock or on an 
edge. 

A threshold for this indicator 
needs to be determined.  

- A riparian survey (as proposed by Forest and 
Range Practices Act. 2004) would be 
completed for streams located within or 
adjacent to cut-blocks.  This assessment 
could serve as a BMP auditing procedure.   
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The fourth step of this framework is focused on the effectiveness evaluation of the various best 
management practices developed in step 1.  This step would involve in-stream or near stream 
measurements that, depending on the intensity level, could be quite expensive to implement and 
thereby would be limited in extent.  The objective of this phase of implementation of the framework 
would be to test in a formal way whether the published best management practices are adequate to 
protect the aquatic environment.  The following is a preliminary list of possible effectiveness 
evaluation procedures:  

a) Upstream/downstream measures of induced turbidity at stream crossings 
b) Forest and Range Practices Act.  (2004) extensive and intensive riparian 

survey measurements 
c) Bio-assessments such as the Benthic Invertebrate Index of Biological Integrity 

(B-IBI) 
 
These effectiveness evaluation measures would be initiated later in the implementation process, i.e. 
after: 1) the BMPs have been fully developed, 2) the watershed level pressure indicators have been 
calculated and checked against the thresholds and 3) field-audits have demonstrated that the BMPs 
are being effectively implemented.  If the BMPs are not being effectively implemented then it 
would be necessary to review training procedures.  If the BMPs were proven to be effectively 
implemented, but the in-stream effectiveness evaluations determined them to be inadequate to 
protect the aquatic environment then new or modified BMPs would have to be developed (i.e. 
adaptive management cycle).  If the BMP is effective and the landscape level thresholds are 
exceeded then landscape level development (spatial and temporal) should be constrained 
 
Our recommendation to Slocan Forest Products Ltd. is the use of Framework #4 for their operation 
in the Vanderhoof Forest District.  We agree with Reid (1998) who suggests that the prevention of 
watershed cumulative impacts is best achieved through the combined use of: 

1. Impact Based BMPs. These will control “how well” the work should be done, and  

2. Activity thresholds (i.e. GIS-based indicators). This will control “how much” disturbance 
should occur (assuming the job is well done – see BMP) 
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Criteria: Conservation of Soil and Water Resources 
Table 5.  Framework 4     Combined/Tiered Approach – compatible with Provincial FRPA Resource Evaluation Program 

Aquatic 
Ecosystem 
Component 
Addressed1 

Assessment 
scale Indicator  

  

  Measures

F  Q O H

Threshold/ 
Target Validation Type

 
• Percent of sites that have 

identified aquatic BMPs 
and standards. 

 
• Percent of field staff and 

contractors that have 
been trained in the 
implementation of BMPs 

1) Establish and publish a clear 
set of aquatic BMPs 

2) Measure the percentage of the 
total operating areas where 
these BMPs are being applied. 

3) Measure the percentage of all 
of the relevant field staff that 
have been trained for BMPs. 

X    X X X

• 100% of operating area has 
well defined aquatic BMPs 

• 100% of staff have been 
trained in BMPs 

See bottom row. Response Site Level 

• Percent disturbance (or 
ECA or PFI) 

• Stream crossing density 
• Percent lakes accessible 

by road 
• Percent of small steams 

located within a cutblock 
or on an edge 

1) Identify watershed boundaries. 
2) Using GIS measure the 
indicators. 
3) If any of the indicators at this 
level exceed the threshold then 
proceed with the relevant 
extensive level indicator. 

X    X X X

ECA= between 20% and 40% 
depending on the sensitivity of 
the watershed 
SCDI = 0.3 to 0.4/km2 
Lakes and small streams to be 
established 
(see Table 3 for actions if 
thresholds are exceeded) 

See bottom row Pressure Landscape 
level 

• % of BMPs that are 
being applied as 
described or prescribed 
(may already be covered 
by EMS functions) 

 

Implementation survey of BMPs 
(audit procedure) e.g.: 
1) Erosion and sediment control 

(e.g. SCQI) 
2) Riparian survey 
3) Landscape drainage survey 

X    X X X

100% of audited practices are 
being implemented according to 
published BMPs.  See bottom row Response 

Site Level and 
landscape 

level 

• % of well applied BMPs 
that are effective in 
maintaining aquatic health 
(effectiveness evaluation) 

-Upstream/downstream of crossing 
turbidity measures  

- Appropriate sub-suite of FRPA 
riparian extensive indicators 

- Bio-assessments 

X      X X X

100% of BMPs are effective at 
maintaining aquatic health, if not 
redesign BMP 
(i.e. adaptive management) 

These are 
validation 
measures, they are 
expensive and time 
consuming. Long 
term commitment 
is required 

State

                                                 
1 F = flow and timing; Q = water quality; O = organisms and H = habitat. 
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4.6) Advantages and Disadvantages 
 
Each aquatic indicator framework has advantages and disadvantages, see table 6.   
 
Table 6. Advantages and Disadvantages of each model 
 

Model Advantages Disadvantages 
BMP model 1) Addresses a wide variety of site-

specific issues. 
2) Main focus is on training and making 

sure BMPs are implemented. 
3) Provides trends in aquatic ecosystem 

protection. 
4) Well-established (science supported) 

BMPs have predictive capacity. 

1) May take time to establish a well 
accepted clearly defined set of 
BMPs. 

2) Cost of auditing could be 
substantial. 

3) Difficult and expensive to validate. 
4) Only response indicators. 
5) BMPs without scientific support are 

hard to use for prediction. 
GIS model 1) Inexpensive. 

2) Pressure indicators have good 
predictive capability. 

3) Consistent and repeatable. 
4) Currently used as part of Watershed 

Assessment Procedures. 

1) Thresholds that everyone agrees 
upon are difficult to establish 

2) May not be very meaningful and 
could cause unnecessary logging 
constraints. 

3) No field component; model provides 
indirect measures of aquatic 
ecosystem health. 

4) Forest Practice Board may not 
approve model as meaningful. 

5) No validation component.  Difficult 
and expensive to validate. 

Field indicator 
model 

1) Directly identifies status of aquatic 
ecosystems (state indicators). 

2) Clearly provides trends in aquatic 
ecosystem health. 

1) Expensive to adequately monitor the 
many components involved. 

2) Low predictive capability. 

Combined / 
Tiered model 

1) Prioritizes watersheds to identify where 
more detailed information is required 
to make an assessment of aquatic 
health. 

2) Corresponds with government 
direction for 3 levels of FRPA 
effectiveness evaluation. 

3) Approach focuses spending on areas 
where the hazards to the aquatic health 
are greater.  

4) All types of indicators are included. 
5) Allows for the trial of innovative 

practices 
6) Provides predictive capability. 

1) All the indicators are not used on 
every watershed. 

2) Direct measures of aquatic 
ecosystem health only conducted in 
higher risk watersheds. 

3) Certainly more complex to apply 
and monitor than a single indicator 
approach.  
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7) Meaningful approach using an adaptive 
management philosophy. 

 
 
In summary, we recommend Framework # 4 as a “full package” sustainable forest management 
indicator for protection of aquatic resources in the Vanderhoof Forest District.  In framework #4 the 
first 2 indicators are applied across the company staff and contractors and all of the watersheds 
within your operating area.  In watersheds where the thresholds for the landscape level indicators 
are exceeded then specific field assessments are suggested, most of which can be used as an “audit” 
tool to determine if BMPs are being applied as prescribed.  If the auditing does not meet the 
threshold then training procedures, supervisor effectiveness and operational feasibility of the BMPs 
should be reviewed and adjusted as appropriate.  If the BMPs are applied as described then an 
effectiveness evaluation of the BMP should be completed.  If the BMP is not effective it should be 
redesigned or landscape level development (spatial and temporal) should be constrained. 
 
 
5.0 Summary of workshop presentations and discussions 
 
5.1 Presentations 
 
The agenda for the aquatics indicator workshop was developed in January 2004 in collaboration 
with Slocan.  The workshop invitations and agenda are provided in Appendix 4.  Upon review of 
the workshop agenda, email invitations were sent out to an identified list of interested stakeholders.  
The list included licencees in the Prince George TSA, local and provincial government staff 
involved in aquatic habitat management, the Department of Fisheries and Oceans, UNBC and UBC 
researchers, Forrex, and the McGregor Model Forest.  A couple of reminders were sent out to 
encourage participation in the workshop.  Through late January and February confirmation of 
workshop attendance was received.  The final list of attendees is provided in Appendix 5. 
 
The workshop presentations consisted of six major components: 1) introductions and objectives of 
the project; 2) review of “criterion and indicator” (C&I) concepts and how they relate to SFM and 
FRPA; 3) potential impacts of forestry activities on aquatic health; 4) methods and result of 
literature review; 5) presentation of the draft aquatic indicator frameworks; and 6) facilitated 
discussions.  Dean Marshall of Slocan Forest Products Ltd introduced the workshop.  Workshop 
participants were asked to introduce themselves to encourage discussion.  Discussion occurred 
throughout the workshop presentations.  Participants received a handout with the draft frameworks 
and a list of definitions.  The workshop presentations and handout are provided in Appendix 6.   
 
There was an excellent exchange of ideas, knowledge and questions throughout the workshop.  
Several concerns were expressed and clarifications were requested during the discussions.  
Following the presentation on C&I concepts of sustainable forest management (SFM), it was 
recognized that clarification of the terminology for the SFM process and the Forest Range and 
Practices Act (FRPA) was required.  The two processes overlap, however the goal of government is 
to use indicators and targets to improve standards and accepted practices.  Two monitoring 
processes in FRPA are compliance monitoring (i.e., are you following the identified practices?) and 
effectiveness evaluation (to identify how to improve standards).  It was also identified that the 
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levels in FRPA Effectiveness Evaluation Program are related to levels of monitoring intensity and 
not to scale of monitoring.  Initially routine monitoring will occur (rapid field measurements and 
estimates) and then if problem areas are identified more extensive monitoring will be used (more 
detailed field measurements).  The government will use the effectiveness evaluation program to 
identify if the "needs" of the fish are being met and if water quality is being maintained. 
 
The presentation on potential impacts of forestry activities on the aquatic environment was intended 
to be a brief overview of generally accepted concepts. Four major issues were presented: 1) site 
specific scale vs. watershed level scale of impacts, 2) impacts to water quantity, 3) impacts to water 
quality and 4) riparian management. This presentation did not generate and significant questions, 
concerns or discussions, nor was it intended to do so.  
 
The presentation of the methods generated the comment that one of our evaluation criteria was 
somewhat misnamed.  The use of “cost effectiveness” was questioned relative to the evaluation of 
the “effectiveness” part of cost effectiveness. We agreed that the our evaluation of this criterion was 
really based on cost alone, and not really cost effectiveness, simply because of the difficulty in 
determining true cost effectiveness. It was also noted that the evaluation of cost should consider the 
cost of ineffective aquatic management, which includes costs for site remediation, litigation and 
poor public perceptions. 
 
The presentation of the draft frameworks identified that the FRPA Effectiveness Evaluation 
Program fits in at the validation level of the draft aquatic indicator frameworks.  Specific issues 
identified relative to the draft frameworks included: 

 In framework 1 (BMP) the use of the term "BMPs" is not necessarily the best terminology.  
It doesn't clearly identify that it can mean standard operating procedures (SOP's), regulations 
from the Forest Practices guidebooks, landscape level processes like IWAP's, and/or other 
company standards.  The other problem with using "BMPs" is that it can erroneously imply 
that forest practices cannot be improved, i.e. that we have already determined what the 
“best” management practice is. 

 In framework 1 (BMP) and 4 (Tiered) BMPs have predictive capacity if they are supported 
by sound science; and for Framework 3 (Field indicators) field indicators have some 
predictive capacity from monitoring the state of the resource. 

 There is no validation available for Framework 2 (GIS), to be noted as a disadvantage of this 
framework.  It should be recognized that this framework is similar to IWAP version 1 and 
without a fieldwork component it is not a comprehensive “package”. 

 Framework 2 (GIS) should have ECA threshold determined for each watershed, i.e. the 
thresholds should be watershed specific. 

 In framework 3 (Field indicators) validation of natural drainage patterns would not be 
difficult, it could be measured with a field survey;  

 Framework 4 (Tiered) would use density of small streams located within a cutblock, not 
percent, although we think that percent is the most appropriate and thus was not changed. 
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 Framework 4 (Tiered) requires more clarification of the links between landscape and site 
level indicators. This concern has been addressed in the version of Framework 4 presented 
in this report (see section 4.3) 

 
5.2 General Discussions 
 
For framework 1 (BMP) and 4 (Tiered) it was suggested that the measure of training in BMPs could 
include a level of technical competency.  Not all participants supported the idea of testing at this 
level in the frameworks.  Most participants supported another suggestion, which was to include the 
rationale and level of scientific support for each BMPs to increase competency at the training level.  
Competency is also captured later in the framework when implementation audits are undertaken.  
For the BMP framework, participants suggested that chosen BMPs should meet government 
objectives and standards, and public expectations.  
 
An issue brought up by participants is adequate recognition and appreciation of smaller streams, in 
particular small streams on floodplains, the value of beaver impoundments and wetland complexes.  
It was suggested that improved attention to road approaches and road placement is required.  This 
issue is relevant for framework 3, indicator "natural drainage patterns" and for frameworks 1 and 4 
where it should be included in identified BMPs. 
 
There was a long discussion on validation at the research level.  The licencee does not necessarily 
have to conduct validation monitoring.  It was concluded that research level validation requires 
partnership between government, industry and academia.  Participants recognized that validation 
requires long-term monitoring due to the variability in natural aquatic systems and long-term 
commitments to research projects.  The thorny issue of who is responsible for long-term projects 
and where funding can be obtained was discussed, but no solutions identified.  Participants also 
recognized that the government currently has a low commitment for long-term research. 
 
Participants acknowledged that the "sellability" of SFM plans improves when validation is included.  
Auditing of SFM plans is conducted to assess if the practices meet the intent of your objectives.  It 
was noted that auditors might make interpretations of your forestry practices that are not necessarily 
quantifiable.  Validation monitoring is intended to be quantifiable.  Participants agreed that SFM 
plans with widely accepted BMPs (based on scientific study) have the validation component 
essentially completed.  Since science has been used to establish widely accepted BMPs the 
validation is already completed.  As noted above widely accepted BMPs also have a predictive 
capacity of low impact if they are applied consistently. 

 
It was recognized that we have a sound scientific knowledge base for many interactions between 
forestry activities and aquatic ecosystem functions; therefore extensive and time-consuming 
validation programs should be focused on the areas where knowledge is poor.  Participants thought 
it was important to have opportunities to try variations on BMPs where there is uncertainty if the 
practice meets the objective.  This is the process of adaptive management requiring monitoring to 
determine if improvements have been achieved.  In an operational setting, it is difficult to have a 
wide range of BMPs, each being tested simultaneously for its effectiveness.  A suggested approach 
to validation of best management practices was to rank their risk level (based on amount of 
scientific support).  Then consider the highest risk BMPs for adaptive management and validation.   
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Another area of discussion that was linked to validation was the continuous improvement required 
with SFM plans and certification.  Participants recognized that these activities can overlap but are 
not the same.  Incremental improvement could include mechanisms to adapt to new information, 
improvements to an indicator, choosing a better indicator, input from public advisory groups, 
refinement of thresholds etc. 
 
A limitation to applying an aquatic ecosystem indicator framework through an SFM plan is 
recognizing that other indicators and values in the SFM plan will require trade-offs to ensure the 
intent of the SFM plan can be met on the land base. 
 
The discussions and the workshop were concluded at about 14:30.  
 
 
6.0 Recommendations for Implementation of a Framework 
 
We are recommending to Slocan the use of Framework #4 as the most comprehensive and cost 
effective approach of the four presented in this report.  After Slocan has reviewed this report they 
will decide which, if any, of the four frameworks they will adopt.  Slocan may also choose to adopt 
only a portion of any one of the frameworks.  Until a final selection is complete, it is premature to 
develop a detailed field monitoring or field-testing program.  This being said, however, we have 
developed a cursory implementation plan for the upcoming year, assuming that they will select 
some kind of variation of Framework #4.  
 

a) Identify and compile any existing aquatic related BMPs, SOPs or other standards 
documents that Slocan is currently using in it's Plateau Division.  

b) Review all of the current Slocan approved BMP type documentation and consider 
whether it is adequate or whether it needs updating.  

c) Identify BMP “needs”, i.e. those BMP type documents that Slocan requires and does not 
currently have so that all aspects of aquatic protection are addressed.  Identify which of 
the BMP “needs” can be obtained or adapted from current literature and which must be 
generated from scratch.  Create a prioritized list of BMPs that are missing and that must 
either be created or adapted.  

d) Provide the identified BMPs for circulation within Slocan's staff and contractors.   
e) Divide the entire Plateau Division operating area into appropriately sized watersheds 

(approx 50 to 100 km2).  Similar work completed by Canfor for the Prince George TSA 
will facilitate this task.  

f) Assess the watershed “sensitivity” class for each of the watersheds identified in the 
previous step.  This is an office-based exercise that uses recent air-photos, maps and 
ortho-photos.  In some infrequent situations, an aerial reconnaissance may be required to 
confirm air-photo interpretations.  Determine appropriate ECA thresholds for each of the 
watersheds.  The methodology to complete this task has been described in P. Beaudry 
and Associates Ltd (2003).  

g) Complete a GIS calculation of the percent of each watershed disturbed (i.e. Equivalent 
Clearcut Area) and the density of stream crossings within each watershed.  
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h) Upon completion of all the GIS steps, generate a prioritized plan to initiate any field 
surveys that may have been triggered by indicator values greater than the threshold 
limits. 

 
The BMP component and the GIS component can be initiated simultaneously, not necessarily in 
succession.  For the longer term, the aquatic protection aspects identified where BMPs do not exist 
or are inadequate may serve as a wish list for when research funds are available through a 
government or corporate initiative. It is often essential to have these “on the shelf” ideas ready for 
when there are unexpected allocations of research type funding, otherwise significant opportunities 
can be missed.  
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Appendix 1 – List of Contacts 
 
Name  Date of 

Interview 
Affiliation 

Ted Down 
Manager 

January 8, 2004  Aquatic Ecosystem Science Section, 
Ministry of Water, Land and Air 
Protection (WLAP), Victoria BC 

Chris Ritchie 
Ecosystem Section Head 

January 8, 2004 BC WLAP 
Prince George, BC 

Nancy Densmore 
Biodiversity Specialist 

January 8, 2004 BC Ministry of Forests, Forest 
Practices Branch, Range And 
Integrated Resources Section 

Greg Jones 
Manager 

January 9, 2004 Biodiversity Monitoring and 
Reporting Section, WLAP, Victoria, 
BC 

Bill Floyd 
Graduate Student 

January 9, 2004 Forest Soils and Water Quality 
Group 
Department of Forest Engineering 
Oregon State University 

Mark Shrimpton 
Assistant Professor 

January 11, 2004 ESM BIOL -University of Northern 
British Columbia  

Jim Burbee, R.P.F. 
Owner 

January 12, 2004 Tweedsmuir Forest Ltd and. 
Manager of Morice & Lakes IFPA 
process 

Lynn Blouw 
Fisheries Information 
Biologist 

January 7, 2004 Ecosystem Information Section, 
Ministry of Sustainable Resource 
Management (MSRM), Prince 
George, BC 

P. Tschaplinski 
Manager 

January 12, 2004 BC Ministry of Forests, Ecology and 
Earth Sciences Section, Fish-
Forestry Interactions and Watershed 
Research 

Dr. Fred Bunnell 
Professor 

January 15, 2004 Forest Science Centre, UBC 

Nick Leone 
Section Head, UFR 

January 14, 2004 Fisheries and Oceans Canada, 
Habitat and Enhancement Branch, 
Prince George, BC 

John Richardson 
Associate Professor 

January 14, 2004 Department of Forest Sciences, 
Faculty of Forestry, UBC 

Richard Thompson 
Ecosystem Specialist 

January 15, 2004 Biodiversity Monitoring and 
Reporting Section, WLAP, Victoria, 
BC 

Ralph Wells 
Researcher CASR 

January 15, 2004 Forest Science Centre, UBC 

Dave Peck 
Ecologist 

January 21, 2004 EPA – Western Ecology Division  
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Ian Sharpe 
Section Head -
Environmental Quality 

January 14, 2004 Environmental Quality Section, BC 
WLAP Skeena Region 

Liz Dent, M.Sc. 
Watershed Specialist 

January 27, 2004 Oregon Department of Forestry 

Garth Webber Atkins, 
M.Sc., R.P.F. 
Watershed Policy 
Specialist 

January 26, 2004 Forest Practice Branch, B.C.  

Dr. Gordie Reeves, PhD. 
Research Fish Ecologist 

January 29, 2004 USDA Forest Service – Pacific 
Northwest 

Robert M. Hughes, PhD. 
Regional Aquatic Ecologist 

January 30, 2004 Dynamac Corporation, -in-house 
consultant for US Environmental 
Protection Agency (USEPA)  
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Indicator Screening Criteria 
1) Measurable and quantifiable at the watershed scale. 
2) Reasonably economic to measure (Cost). 
3) Clear scientific basis. 
4) Transparent methodology for the measurement of the indicator. 
5) There is adequate scientific information in the literature to develop reasonably credible threshold ranges. 
6) Represents a potential impact to the aquatic environment from forestry activities (Relevant). 
7) Can be used in strategic or development plans to forecast the future state of the Indicator (Predictable). 

 
Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d

ic
at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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t 
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d
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T
O

T
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F P % of watersheds 
recently (less than 10 
yrs. since disturbance) 
burned or harvested  
or 
Proportion of 
watersheds with 
substantial stand-
replacing disturbance 
(like fire and 
harvesting) in the last 
20 yrs. 

-GIS exercise, measurable,  
-inexpensive 
-can act as a proxy indicator for 
measurements such as water yield, timing 
and peak flow at a national scale.  
-This indicator can be used as a “coarse 
filter”, highlighting watersheds where there 
could be problems. 
-interpret this indicator on a regional or 
ecozonal basis.  

-only designated as a potential 
indicator under CCFM process due to 
implications of implementing it 
nationally (however, this indicator 
could work for our purposes).  
-need to delineate watersheds. 

#1, #40, 41 %age (to be 
determined) 
#50 - max 30% 
disturbance, 
lower in smaller 
watersheds 

3       3 2 3 2 2 2 17 

F P %ECA by period for 
each watershed 
 (and/or by licensee) 

-measurable 
-sets critical thresholds. 
-watershed scale 
-GIS exercise. 
-cost effective 
-good forecasting tool. 
Prognosis has been altered to include ECA 
and all the other IWAP indicators for 
forecasting. 
 

-no ground checks 
-assumes peak flow conditions 
increase as a result of increased snow 
accumulations and reduced 
evapotranspiration 
-requires local calibration 
-weak predictive power 
-requires up-to-date GIS data 
-must not be used in isolation, can be 
useful in combination with other 
factors to assess the impact of 
harvesting on stream channels, ECA 
should not be used as a management 

#1(P145), 
#12, #15, 
27, 
#31, #32, 
#35, #52. 
#61 
 

1995 Move: L- 
0-18%; M 18-
36%; H > 36% 
ECA 
- <20% of the 
watershed 
cleared within 
10 years (#15) 
-<30-33% of 
watershed 
harvested 
within 25 years 
(#27) in #15) 

3       3 2 3 2 2 2 17 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d

ic
at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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   target (61). 
 

#34- 20% for 
ECA 
#35- keep peak 
flow writing 
75% of 
precutting 
monthly peak 
flow. 
#50 - max 30% 
disturbance, 
lower in smaller 
watersheds 

F P/S Peak Flow Index (by 
watershed) 
-part of IWAP 
 
 
 
* Similar to the two 
indicators listed directly 
below 

-measurable 
-GIS (Office) based 
-cost effective 
-can be forecasted 
validated in Nelson Region (#28) 
-more detailed than ECA - includes H60. 
-has been included in Prognosis for 
predictive value 
 

 #2, #4, #8, 
#12 
-#9 used 
structural 
stage classes 
to id peak 
flow hazards 
instead of 
usual 
procedure  
#17, tested 
in #28 
#27, 
#31,#32, 
#34, 
#58(Fort St. 
John DFA) 

-Peak flow 
index greater 
than 
0.18km/km2 
indicates risk of 
cumulative 
effect  
-Road density > 
0.3 km/km@ 
above H60 line 
indicates risk of 
cumulative 
effect 
-road density 
greater than 0.9 
km/km2 for 
entire sub-basin 
indicates risk of 
cumulative 
effect 

3       3 2 3 3 2 2 17 

F S           Aggregate Recovery
Percentage 

index of effects of forest cutting on 
peakflows resulting from rain-on-snow 
events. 

#35  3 3 2 3 3 2 2 17 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d

ic
at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 

M
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b
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   estimates % of watershed with hydrologic 
recovery 
-US version 

F S           Runoff Curve
Number Procedure 

US Dept. of Agriculture 
estimates storm runoff hydrographs for 
watershed planning. 
storm runoff volume and peak flows are 
predicted using watershed properties. 

#35  3 3 2 3 3 2 2 17 

F S           annual water yield -GIS based 
-version of US-EPA Water resources 
evaluation of non-point silvicultural 
sources. 
-adapted to Alta 
can be used to model forecasts. 

appropriate data 
 

22 Alberta- forest
harvest in 
watershed 
should not 
increase annual 
water yield by 
more than 15% 
of average 
annual water 
yield. 

3 3 2 3 3 2 2 17 

F, O, H S %age of barriers 
to fish passage 
identified and 
removed. 

-could involve field work if data does not 
already exist (from previous assessments). 
-field assessment (e.g., fish passage culvert 
inspection) followed by rehab. measures. 
Record # of sites successfully rehabilitated.  
-good measure of fish and fish habitat. 
-indicates fragmentation of fish habitat. 

 #52 (pg. 18)  3       2 3 3 2 3 2 18 

F, Q P/S IWAP- set of 4 
indicators-peak flow, 
erosion, riparian hazard 
and landslide hazard 
CWAP-set of 5 
indicators- 
peakflow, surface 
erosion, riparian 
buffers, landslides, 
headwaters 

-hazard scores reasonable,  
inexpensive, 
-Consistent and repeatable 
-are included in Prognosis for predictions.  

Newer versions are less repeatable as 
they rely more on professional 
assessments.  

#15, #17 
#23-seral 
studies have 
shown that 
basin wide 
landscape 
factors are 
better 
indicators of 
in-stream 

for peak flow 
index see PFI 
entry 
-1995 MoF: 
road density 
rating L 0-
0.9km/km2, M 
0.9-1.72 
km/km2, H > 
1.72 km/km2. 

3       3 2 3 3 2 2 17 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d

ic
at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 

M
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   biotic 
integrity 
than local 
stream 
conditions. 
#27, #31, 
#32 

-1995 MoF: 
riparian road 
density rating 0 
to 0.9km/km2 
L; 0.9-
1.72km/km2 M; 
> 1.72km/km2 
H aquatic 
hazard (#15) 

F,Q P/S new approach to 
IWAP 

- methodology 
-GIS based 
-ranks potential risk factors 
-uses existing information, and many IWAP 
procedures. 

-requires expert opinion 
 

#29         -ranked risk to
mean increased 
peak flows 
(>10%), 
significant 
changes in 
channel 
stability, water 
quality or 
aquatic habitat 
(outside the 
natural  range 
of variability) 

 3 3 2 3 3 2 2 17 

F, Q S % area that has 
maintained natural 
stream drainage 
patterns.  

Measurable (could involve field survey of 
locations of x-ditches, culverts, stream 
diversions, etc.).  

Field-intensive          Easy to
measure 

 3 1 2 3 2 2 2 15 

F, Q, O, H R  Investment in
forest research 
and development, 
and education or 
# of continual 
improvement-
related projects 
in the DFA 
(research, 
inventories, 
adaptive mgn’t 

-helps in assessing whether standards are 
based on the best available scientific 
knowledge 
-related to soil and water conservation 
criteria 
 

        40,48,58
(Morice) 

 >1 per year (for 
the second 
indicator listed 
in column 2) 

3 3 2 3 3 2 0 16 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d

ic
at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 

M
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le

 

C
os
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   projects).  

F, Q, O, H R Staff and contractors 
trained in water 
quality laws and 
BMP's 
and: 
 written policy to train 
employees, operators, 
and contractors, as 
well as 
training sessions held 
to do the training 

- identify applicable training 
-check if up-to-date 
-documentation 

          48, #64  3 3 2 3 3 2 1 17 

F, Q, O, H R % of forest managed 
under BMPs and 
other guidelines or 
degree of 
implementation.  

- Measurable (unit of measure is outlined by 
various Acts and Regulations).  

        #1
(P31and43) 
– Current 
Status: not 
implemente
d 

 -need to 
determine 

#48, 76, 
community 
watershed 
81 

3 3 2 3 3 2 1 17 

F, Q, O, H R % of sites that have 
passed an 
implementation audit 
of published BMPs.  

Measurable 
Establish the # or % of sites to audit.  

Field measures/monitoring to 
determine if aquatic BMPs are 
effective.  

 East to establish 3       2 2 3 3 2 1 16 

F, Q, O, H R % of sites that have 
identified aquatic 
BMPs and standards.  

Measurable (see framework #4)   100% 3       2 2 2 3 2 2 16 

F, Q, O, H R % of BMPs that are 
being applied as 
described or 

Measurable- conduct implementation 
survey of BMPs (audit procedure) e.g., 1) 
erosion and sediment control (SCQI), 2) 

Validation measures, expensive, time 
consuming. Long term commitment 
is required.  

   100% of
audited 
practices are 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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prescribed (may 
already be covered by 
EMS) 

Riparian survey, 3) Landscape drainage 
survey.  

being 
implemented 
according to 
published BMP 

F, Q, O, H S          “In-stream” or “near-
stream” measures to 
test if BMPs are 
actually effective. 
eg. % of well applied 
BMPs that are 
effective in 
maintaining aquatic 
health. 

Measurable – some measures include: 1) 
upstream/downstream of x-ing turbidity 
measures, 2) appropriate sub-suite of 
Tschaplinski’s riparian extensive indicators, 
3) road drainage survey.  
(see Framework 4) 

Validation measures, expensive, time 
consuming. Long term commitment 
is required. 

100% of
audited 
practices are 
being 
implemented 
according to 
published 
BMPs.  

 3 1 3 3 2 2 2 16 

F, Q, O, H R         Number and
significance of 
infraction related to 
riparian areas 

-measurable (# of infraction/penalty) 
-inexpensive 
 

-lacks meaning 
-not scientifically based 

#1(P97) -Difficult to set, 
what # is good, 
what # is bad?  

3 3 2 3 3 2 1 17 

F, Q, O, H S  The proportion
of timber 
harvest area 
successfully 
regenerated  
or Percent of 
cut-blocks that 
achieve free 
growing status. 
 

-by measuring this indicator, one can assess 
if moisture and nutrient levels in soil are 
being maintained, disruptions in stream 
flow rates and timing are minimized, and 
soil erosion, stream siltation and 
downstream water quality effects are 
minimized.  
-state indicator 

could be field intensive 
and expensive; however, could 
incorporate data from free to grow 
survey’s which should be completed 
for each harvested area. 

40, 58 
(Fraser 
TSA) 

-can be 
determined 

3       2 2 3 3 2 3 17 

F, Q, O, H S ratio of disturbed 
watershed area to lake 
volume 

-in lakes affected by harvesting or fire the 
()'s of most measured substances is directly 
proportional to this ratio (phosphorus, DOC, 
mercury contamination, biological 
productivity) 
-good planning indicator. 
- has predictive value 
-clear methodology 

-field work to measure lake volumes. 
-research from boreal shield 

#54         3 2 2 3 3 2 2 17 

F, Q, O, H P         CWAP-headwaters -methodology -headwater streams hard to identify #32  2 2 3 3 3 3 2 18 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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   -sorted by sub-basins 
-length of headwater streams, length logged 
portion 
-indicators -portion of headwater stream 
logged, no of stream crossings on headwater 
streams. 

on photos, maps accurately 
-TRIM database requires 
confirmation 

F, Q, O, H P         IWAP Riparian
Hazard 

measurable 
variety of methods: % stream logged 
% fish stream logged 
%S1/S2/S3/S4 streams logged 
% streams logged on slopes > 60% 
% streams with unstable channel 

#50 suggests that there is little 
evidence of the effects of butter strips 
on water quality. 

#15, #17, 
#27, 
#31,#32 

- riparian area 
cleared > 
0.09km/km of 
streambank 
cleared 
indicates risk of 
cumulative 
effect (areas 
within 100m of 
streams, not in 
new IWAP) 
-Riparian area 
cleared > 
0.15km/km of 
fish-bearing 
streambank 
cleared 
indicates risk of 
cumulative 
effect 
-1995(MoF): L 
0-9%, M >9-
18%, H > 18% 

3 2 2 3 3 3 2 18 

F, Q, O, H P percent area less than 
3m in RMA 
 (by Lu by silviculture 
system by licensee)  
-alternative- # of 
streams/lakes within 

-measurable at watershed scale (% forest vs. 
non-forest).  
-could be GIS exercise 
-cost effective 
 

- sensitive to assumptions of riparian 
buffer required by water body (saw a 
study being done by Merrit IFPA?) 
-indirectly reflects the objective 
#50 suggests that there is little 
evidence of the effects of butter strips 

#12 set % level that 
can be less than 
target by 
watershed.  
Need more info 
to do this to 

3       2 2 3 3 3 2 18 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
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at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 

M
ea

su
ra

b
le

 

C
os

t 
 

S
ci

en
ti

fi
c 

M
et

h
od

ol
og

y 

T
h

re
sh

ol
d

 

R
el

ev
an

t 

P
re

d
ic

ti
ve

 

T
O

T
A

L
 

   

500m of roads (sort by 
road class) 

on water quality. relate to risk. 

F, Q, O, H P         IWAP Erosion
Hazard 
CWAP- surface 
erosion 

-measurable 
-methodology: sums risk of roads on 
erodible soils, roads within 100m of a 
stream and density of stream crossing by 
sub-basins. 
-GIS based. 
-rated by watershed. 

- need expert to identify sub-basins #15, #17, 
#27, 
#31,#32 

-riparian road 
density greater 
than 
0.12km/km2 
indicates risk of 
cumulative 
effect (roads 
<100m from a 
stream). 
-riparian road 
density > 
0.06km/km2 on 
erodible soils 
indicates risk of 
cumulative 
effect (dropped 
in later 
versions) 
-stream 
crossings by 
roads greater 
than 
0.24km/km2 
indicates risk of 
cumulative 
effect. 
-road density 
greater than 
0.9km/km2 for 
entire sub-basin 
indicates risk of 
cumulative 
effect 

3 2 2 3 3 3 2 18 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T
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e 

of
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Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 
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   -road density 
greater than 
0.06km/km2 on 
erodible soils 
indicates risk of 
cumulative 
effect. 

F, Q, O, H P         Percent of lakes
accessible by road 

-GIS exercise or data available from 
licensee 
-inexpensive, measurable 

GIS measure, lacks validation  To be 
established 

3 3 2 3 2 2 2 17 

F, Q, O, H P         Density of small
streams located within 
a cut-block or on an 
edge.  

-GIS exercise or data available from 
licensee.  
-inexpensive, measurable 

GIS measure, lacks validation  To be 
established 

3 3 2 3 2 2 2 17 

F, Q, O, H R/S % of stream crossings 
constructed and 
maintained to 
standard. 
 

-measurable (similar to SCQI) - audit of 
new stream crossing structure plans, 
installation and sediment problems. 
-Qualitative and quantitative. 
-Develop best management practices for 
roads and watercourse crossings (e.g., do 
not restrict fish passage). 
-monitoring of stream crossings, layout and 
sampling protocols identified in #64. 

-relatively expensive 
 

*#1 (P31) – 
Current 
Status: not 
implemente
d 
#8 
#10 also 
#64 

-standards can 
be federal and 
provincial 
regulations and 
guidelines (#57) 

2       1.5 2 2 3 3 1.5 15 

F, Q, O, H R/S % of stream crossing 
inspections identifying 
sedimentation 
problems where 
mitigation measures 
are prescribed and 
completed according 
to schedule. 
or 
Rehabilitation of 
riparian zones 
identified as being 

-measurable 
- incident monitoring 
-relatively clear methods 
 

-requires routine maintenance 
inspections 
-set time frame to complete 
maintenance- or as part of 
prescription 

#8, #12, #56 all identified 
sediment 
problems 
remediated in 
prescription 
time frame. 
#12- percent of 
corrective 
actions 
completed 

2       1.5 2 2 3 3 1.5 15 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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degraded 
F, Q, O, H R            Rate of compliance

with locally applicable 
road construction, 
stream crossing and 
riparian zone 
management 
standards 
 
-or BMP's 
 or Standard operation 
procedures 

-Measurable 
-understandable 
-provinces and certifying 
agencies already compile 
information on compliance. 
The number compliant and the 
total number of assessments 
should be reported.  * Note: it is 
assumed that a statistically valid number is 
sampled each year.  
-Low percentage numbers indicate that 
practices are potentially having serious 
impacts on water quality in managed areas. 
Higher numbers indicate that impacts to 
watercourses are being minimized.  
-cost effective and understandable 
-#64 provides monitoring methodology, 
results of monitoring and sampling layout 
and design for many BMP's. 

#40, 41
#62(for 
riparian) 
#64 

100% 
compliance 

3 3 2 2 3 2 2 17 

O, H S  Periphyton -directly affected by water quality 
-collected by rapid sampling methods and 
easily quantifiable 
-data can be standardized into indices.  
-periphyton data can be used to construct a 
diatom bio-assessment index (DBI) 
-particularly responsive to nutrient input 
and can be used as indicators of non-point 
sources of pollution such as nitrogen and 
phosphorus enrichment.  
-useful in detecting nutrient disturbance, 
acidity, turbidity, metal toxicity, urban 
storm water and other envir. dist. 
originating external to the stream itself. –
can also be an indicator of riparian cover 
-simple field observations such as absence 

-laboratory intensive 
-fieldwork, require baseline or paired 
control sites.  
-short generation times and rapid 
response to environmental changes 
make algae less useful for assessing 
long-term affects of anthropogenic 
activities on ecosystem condition.  

#65, #67. 69 There are 
several 
databases that 
describe the 
known ranges 
of taxa along 
chemical, 
physical and 
pollution 
gradients.  (US) 

3       2 2 2 2 2 2 15 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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   of periphyton can be the first signal that a 
recent disturbance has occurred.  
-often the base of the food web which 
makes them important indicators of 
biological integrity. Present in non-fish 
bearing streams.  

Q R             Frequency of
exceedances of 
Canadian water 
quality guidelines 

-measurable #53 –Arrow
TSA and 
TFL3  

 -need to 
determine 
# of 
infractions? 

3 3 2 2 2 2 2 16 

Q R % of silviculture 
prescriptions and 
road designs 
consistent with terrain 
stability assessments 
within the operating 
area. 

-measurable and quantifiable 
-as an office exercise 
 

        #4  3 2 2 3 3 2 1 16 

Q, O  R/S         Monitoring
compliance with 
guidelines in place to 
protect soil and water 
quality.  
Physical, chemical and 
biological pureness of 
water is kept at 
normal levels within 
appropriate reference 
values ( #46) 

Measures: 1) Proportion of forest managed 
primarily for soil and water protection, 2) # 
of incidents related to soil and water quality 
guidelines, 3) Significance of incidents 
related to soil and water quality guidelines. 

-requires field inspections 
-need to define significant change 
from historical conditions. 

#1, #39, #49 #49 suggests to 
compare to 
historic range 
of variability 

3 2 2 2 2 2 2 15 

Q, O, H R % of corrective 
actions completed to 
mitigate sediment 
occurrences by 
licensee 

-measurable 
-cost effective 
 

-forecasting?        #58
(Morice) 

 100% of 
corrective 
action plans 
completed.  

3 2 2 3 2 2 1 15 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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Q, O, H S  Riparian management
areas consistent with 
SP post-harvest or % 
of riparian zones 
meeting specifications 
or 
 

-measurable 
-field based or office based.(Canfor does 
field post-harvest inspections). 
-Clearly represents a potential impact to the 
aquatic environment. 
-Standards - BC forest Practices code (DM 
Policy small streams). 
-effectiveness of the FPC for riparian 
management practices - can be evaluated 
with an aerial overview and ground based 
surveys.(#62) being developed and tested  
on the coast. The intent is to provide a tool 
that also allows licensees to improve BMP's 
for riparian practices. 

-intensive  
 

*#1 (P31) – 
Current 
Status: not 
implemente
d 
#4, 8, #25 
(pg.52) 
#62,#64 

Canfor - 100% 
harvest 
inspections; 4% 
variance on 
meeting SP 
requirements. 
 

3       2 2 2 2 2 2 15 

Q, O, H R % of harvested areas 
and roads that meet 
riparian area 
regulatory 
requirements.  

- measurable 
 

          #58 (TFL6
WFP) 

100% 3 3 2 3 3 2 1 17 

Q, O, H P           Forest Management
activities, not set out 
in the management 
plan, in sensitive 
areas. 
or 
Unscheduled activity 
in managing the 
immediate 
environment of 
perennial and 
intermittent streams 

-unit of measure (frequency and hectare) 
- an annual GIS exercise. 
eg non compliance seen on orthophoto 
-analysis of location may provide predictive 
value 

#1(P56)  2 3 2 3 3 2 0 15 

Q, O, H S percentage of total 
area occupied by 
buffer zones along 
water courses, water-

-measurable 
-can be a GIS exercise with satellite photos 
or orthophotos 
 

-current guidelines and practices 
leave buffers on most water bodies.  

47, #58 
(TFL 6 
WFP) 

could be set 2       2 2 3 3 3 2 17 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
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(see excel 
database) 
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bodies and other 
areas, as appropriate 
or 
Un-harvested area of 
riparian management 
areas (#58) 

Q, O, H S Status of riparian 
zones within the forest 
across the landscape  
#12- identify seral 
stage in RMA class 
(by watershed) 

-measurable at watershed scale (% forest vs. 
non-forest).  
-could be GIS exercise 
-cost effective 
 

- sensitive to assumptions of riparian 
buffer required by water body (saw a 
study being done by Merritt IFPA?) 
-indirectly reflects the objective 
need to set thresholds 

#1 (P43); 
#11, #12, 
#52 

-set % of 
riparian areas 
protected by 
length- streams, 
lakes, wetlands. 
-mix of seral 
stages required. 
#15- maintain 
riparian areas in 
mid- to late 
seral 
successional 
stages 
#52-measure 
riparian 
disturbance 

2       2 2 3 3 3 2 17 

Q, O, H S %age of riparian 
buffers that are 
effective (using 
Tschaplinski’s rating 
to extensive level).  

-Intended to evaluate effectiveness of FPC 
code riparian guidelines 
-3 stage procedure- 1st aerial overview to 
identify areas of concern, 2nd ground 
survey on 100m long (or 50 bankful widths) 
and 20m wide of water body/riparian 
interface, level 3 is an series of intensive 
measurements. 
being field tested for the coast. 
level 2 provides a relatively quick but 
thorough summary of the riparian/ water 
body characteristics of concern. 
- Expansion on the FPB proper functioning 

- need to adjust for northern interior 
conditions (less cattle). 
-one of the level 2 questions requires 
lab work. (#9) and cannot be rapidly 
determined in the field. 
- would need to develop threshold for 
level 2 if want a more rapid 
summary. 
for level 3 need to establish control 
reference sites. 
-difficult to validate 

#62         - maybe
validate with 
the 3rd level of 
extensive 
sampling 
-thresholds set 
from proper 
functioning 
condition FPB 
rept. - apply to 
level 3 

3 2 3 3 2 3 1 17 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T
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Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
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(see excel 
database) 
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   condition of riparian areas tested in the 
Kamloops region. 

Q, O, H P/S            Riparian disturbance
(length of riparian 
habitat harvested, 
cleared or burned, as a 
%age of stream length 
(or S4-S6 stream 
length) on forest land in 
watershed). 

-recommended by MSRM - 
strategic level and watershed level 
application 
-very similar to #47 – riparian management.  

#52 -look at
watershed 
assessment 
guidelines 

2 2 2 3 3 3 2 17 

Q, O, H S           canopy closure/
stream temperature 
assessment 

-office exercise 
-relationship validated in Washington state.   
-sort by streams with spring/Su Chinook vs. 
other salmonids 
methodology- screen on GIS based on 
elevation and canopy closure over the 
stream. 

-69% correlation in eastern Wash. 
-doesn't take in groundwater cooling 
inputs. 
-local weighting required. 

#19 cold water biota
(22oC) 
salmonid 
spawning 
(13oC) during 
the spawning 
period 
-table of 
elevation and 
related target 
canopy cover. 

2 2 2 2 2 3 3 16 

Q, O, H P         Riparian roads part of IWAP 
-methodology 
-% in entire basin, above the H60 line, on 
erodible soils, within 100m of a stream, on 
unstable slopes, as a high sediment source, 
density of stream crossings ( or a 
combination) 

- need expert to identify sub-basins #15, #31 1995 MoF: 
riparian road 
density rating 0 
to 0.9km/km2 
L; 0.9-
1.72km/km2 M; 
> 1.72km/km2 
H aquatic 
hazard (#15) 

3 2 2 3 3 3 2 18 

Q, O, H P  number of stream
crossings (by 
watershed, road class, 
licensee, stream class, 
steep slopes - #52) 

-easy to measure 
-economic 
-scientific basis 
-transparent methodology 
-negatively correlated with trout standing 

-indirect measure of indicator 
-indirect measure of barriers to fish 
passage 
- 

#45, #12, 
#15, #52 

set # by 
watershed size 
not to exceed? 
- SCDI 
thresholds exist  

3       2 2 3 3 3 2 18 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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   - could subdivide into 
Km of road phase by 
RMA class 
or # of crossings on 
fish bearing streams. 

stocks, bull trout redd's(#15) 
-measures stream habitat fragmentation also 
-reflects sedimentation from roads 

Q, O, H P/S Equivalent Roaded 
Area 
ERA 

-methodology by US Forest Service has 4 
phases: assessment of watershed sensitivity, 
development of a land disturbance history, 
field investigation of channel conditions and 
establishment of a threshold of concern 
from first 3 steps. 

-assumes peak stream flows increase 
as a result of compaction and reduced 
infiltration from roads. 
-Customizing required 
-gross correlation to many impacts 

#15, #35 No effect on 
benthic 
communities 
when ERA < 
5% of sub-
basin, decline if 
above this 
threshold. 

3       2 2 2 2 2 2 15 

Q, O, H R Number of lakes 
and streams 
classified. 

-GIS exercise or data available from 
licensee 

 #52 (pg. 18) Strive for 100% 3       3 3 3 3 2 1 18 

Q, O, H P         Road density on
unstable slopes.  

-GIS exercise 
-inexpensive, measurable 

-GIS measure, lacks validation   -easy to 
establish 

3 3 1 2 2 3 2 16 

Q, O, H S         Sediment Source
Hazard Assessment 
(i.e., SCQI) by 
watershed. 

-measurable 
-field based 
-transparent methodology 
-provides good quantitative and qualitative 
information on road building practices. 
-more informative than the SCDI or road 
density.   

-field based (expensive) #2, #4 - easy to 
determine (see 
SCDI hazard 
ratings). 

3 1 3 3 3 3 1 17 

Q, O, H S  Benthic Invertebrate
Populations 

-Sensitive 
-useful supplemental (validation) data 
-scientific method: Benthic Invertebrate 
Index of Biological Integrity (BIIBI) or 
Rapid Assessment Procedures (RAP) - 
#65-66. 
-invertebrate monitoring can serve as the 
means to link the physical changes (temp., 
turbidity, channel morph.) to the biological 
integrity and designated uses of the stream.  
-b. invertebrates have:1)limited migration 

-IBI is costly, the RAP is less costly; 
however, both require set reference 
conditions. 
-requires intensive sampling 
program. 
-relatively high degree of variability 
within or between sites, local or 
regional variations in the sensitivity 
of a given organism to stress.  
-the need for specialized taxonomic 
expertise and cost of processing 

#5, #25, 
#52, #65. 
#66  

Family Level 
Biotic Index 
(Resh et al., 
1996) 

3       1 3 2 2 3 2 15 
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Aquatic Ecosystem Indicators with scores greater than or equal to 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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   patterns or a sessile mode of life and this 
makes them well suited for assessing site-
specific impacts (u/s – d/s studies), 2) their 
life spans several months to a few years 
which allows them to be used as indicators 
of past environmental conditions. 3) 
abundant in most streams 4) sampling is 
relatively easy and inexpensive in terms of 
time and equipment. 5)sensitivity of aquatic 
insects to habitat and water quality changes 
often make them more effective indicators 
of stream impairment than chemical 
measurements.  
-benthic macro-invertebrate diversity 
indicator (trend in resident population levels 
by species for fish bearing streams) is 
recommended by MSRM as an indicator for 
watershed level planning (#52) 
-relatively easy to identify to family; many 
intolerant taxa can be identified to lower 
taxonomic levels with ease.  
-good supporting measure for validation 
of proxy indicator. 

samples.  
-sampling locations must be carefully 
selected and sampling usually should 
be stratified by habitat type.  
-provide only ‘snapshots’ in time, 
and do not integrate environmental 
effects over entire seasons or years.  
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Indicator Screening Criteria 
1) Measurable and Quantifiable at the watershed scale. 
2) Reasonably economic to measure (Cost). 
3) Clear scientific basis. 
4) Transparent methodology for the measurement of the indicator. 
5) There is adequate scientific information in the literature to develop reasonably credible threshold ranges. 
6) Represents a potential impact to the aquatic environment from forestry activities (Relevant). 
7) Can be used in strategic or development plans to forecast the future state of the Indicator (Predictable). 

 
Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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F S flow related to multi-
year flood cycle, and 
historic range of 
variation 

-measurable. 
-clear impact. 

-requires extensive field 
measurements, difficult to separate 
other users. 
-need historic range and paired 
control sites. 
- detecting hydrologic changes 
requires several years of data.  

#11,#25, 
#58 (Arrow 
TSA&TFL3
) 
 

set as a % 
difference 
between 
observed and 
expected flow. 

2       1 2 2 2 2 2 13 

F S percent of stream 
kilometers in forested 
catchments in which 
stream flow and 
timing have deviated 
significantly from the 
historic range of 
variation 

- for long term changes - requires extensive field 
measurements, difficult to separate 
other users. 
-need historic range and paired 
control sites. 
- detecting hydrologic changes 
requires several years of data-
probably only large and fish 
significant streams with historic data. 

#49         historic
variation 

1.5 1 2 2 1 2 2 12 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d
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at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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F  S -summer and winter 7 
day low flows or 
Change in low flows 
or summer winter 
demand.  

clear impact, important for maintaining 
aquatic habitat.  
maintaining aquatic habitat.  
-changes in low flows may be beneficial 
and of interest to managers, but low flows 
generally cannot be used as an indicator of 
water quality. 

-requires gauged streams-need 
historic range and paired control 
sites. 
- detecting hydrologic changes 
requires several years of data-
probably only large and fish 
significant streams with historic data. 
-most sensitive means for detecting a 
change in low flows is to establish a 
statistical relationship between the 
discharge of adjacent catchments.  
-capital costs. 

#25, #34,71         2 1 2 2 2 2 2 13 

F S Peak flow – Field 
Measurement 

-measurable  
-clear impact 
-can be forecasted.  

-monitoring changes in the size of 
peak flow is difficult b/c it requires a 
long-term commitment and the 
matching of the basin of interest to 
one with no land use changes or 
management activities; must be 
accompanied by  studies 
documenting the probable cause (s) 
of any observed change.  
-monitoring the size of peak flows is 
more appropriate as part of an 
applied research project that as a 
standard monitoring practice.  
-expensive, capital costs 

#25         -thresholds to
be determined 

 2 0 2 2 2 2 2 12 

F S           Percent of stream
kilometers in forested 
catchments in which 
stream flow and 
timing has 
significantly deviated 
from the historic 
range of variation.  

Difficult to measure -long term data needed 
-more of a national level indicator 
-expensive 

#59 2 0 2 2 2 2 2 12 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
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or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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F, Q S            groundwater qualities -measure well depths, 
measure of groundwater wells numbers (use 
levels) 
groundwater quality index 
% of groundwater meeting drinking water 
standards 

70, 74,75 2 1 2 2 2 1 1 11 

F, Q S           concentration of
suspended material in 
streams at peak runoff 

-promising tool 
-measurable 
-watershed scale 
-transparent methodology exists.  
 
 

-long time frame 
-expensive 
-capital cost (Hydrometric stations) 
- may not clearly represent a 
potential impact to the aquatic 
environment. Require baseline data 
or paired control sites.   
-A large amount of variables could 
alter results (e.g., climate) 
-not predictable 

#53 2 1 2 2 2 3 2 14 

F, Q, O S         Water depth and
turbidity within the 
historic range of 
variation. 

-measurable 
-watershed scale 
-transparent methodology exists 
-recommended by MSRM  

-long time frame 
-expensive 
-capital cost (Hydrometric stations) 
- may not clearly represent a 
potential impact to the aquatic 
environment. Require baseline data 
or paired control sites.   
-A large amount of variables could 
alter results (e.g., climate) 
-not predictable 
The relationship between 
suspended sediment (the 
target of 
measurement) and 
turbidity (NTUs) can vary 
by stream, warranting a 
precautious approach in 
the use of 
thresholds.(#52).  

#1(P160), 
#52 - 
turbidity 

DFO thresholds 
for turbidity 
(similar to SV 
sites). See 
standards 

2 1 2 2 2 2 2 13 

52 
 



P. Beaudry and Associates Ltd.                                                        List of Indicators of Aquatic Ecosystem Health with scores less than 15 
Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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O, H S %age of aquatic 
ecosystems at risk- 
measures ecosystems 
at risk of 
disappearance. 

-measurable 
-clear impact 
-basis in biodiversity science 
inventory methodology- eg like red listed 
species. 
 

-requires capacity to identify at-risk 
ecosystems. 
-needs clear identification of 
different aquatic ecosystems. 

#11 set % of aquatic 
ecosystems that 
can be at risk;  
-set % of 
ecosystems that 
are protected. 

2       1 1.5 1.5 2 2 1.5 12 

O, H S level of fines in 
spawning gravels 

-direct measure 
methodology 

fish streams only 
 

78         fines <0.85mm
less than 12% 

3 1 3 3 2 1 0 13 

O, H  S           Substrate
Embeddedness 

-various methodologies exist (see table in 
article 37 and 38). 
-relatively high environmental value and 
cost effective.  
-embeddedness remains a common 
monitoring technique in the US and is 
present as a water quality criterion where 
legal implications, such as Total 
Maximum Daily Load (TMDL) issues, may 
ensue. 
 

-relatively complex 
measurement 
-The ability of 
embeddedness to detect 
changes due to land 
management activities is 
unclear and results have 
rarely been published in 
peer reviewed literature. 
-Significant differences 
exist in methodologies. 
-Published guidance fails 
to provide the 
appropriate detail needed 
for field application. 
-Fundamental defects 
exist such that a change 
in approach is necessary. 
-Use of embeddedness as 
standards and guidelines 
or to link embeddedness 
to biological criteria 
currently appears highly 
questionable. 

#37 , #38 2 1 1.5 1.5 2 2 1 11 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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O, H S fish habitat condition -WRP- FHAP -fish habitat assessment 
procedure  
-4 steps - id fish species at risk, quantify 
fish habitat conditions; evaluate them, id 
opportunities for rehab. 
-methodology, has been applied locally. 
#23 has a Riparian condition score approach 
RIPCON (includes stream modification, 
bank erosion, bank vegetative stability and 
riparian vegetation.) 
-#23 finds that riparian condition may be 
better indicator for fish community 
condition than basin wide determination of 
land use. 

-intensive sampling, paired control 
sites.  
-goal is rehabilitation- assuming 
damage. 
-process applied to streams with 
culturally important salmonids. 
-requires professional judgment. 

#20, #23 
similar 

-compare to 
pre-logging 
conditions. 
-# 23- rank to 
levels of 
degradation. 

2       1 2 2 1.5 2 1.5 12 

O, H S fish habitat condition 
Volume of gravel in 
river (for spawning); 
Length of stream for 
spawning; etc 

-directly linked to productive potential for 
spawning. 

-only where previous habitat data 
available. 
-applies only to fish streams. 
-can compare to a BC index 
watershed. 

#26         -no net loss 2 1.5 2 2 1.5 2 1.5 13 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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O, H S         Channel
characteristic: LWD 

-moderately useful to evaluate trends in this 
component of fish habitat and helps assess 
the adequacy of the silvicultural 
prescriptions to maintain input of LWD to 
streams.  
-less intensive than measuring biological 
components such as invertebrates.  

-compare to historical change- 
requires historical photos. 
-Estimates of volumes of 
large woody debris can be 
prone to large 
measurement errors (i.e., 
not replicable due to 
differences between 
individuals doing the 
measurements and 
difficulties 
associated with 
estimating complex log 
assemblages or logjams) 
(Hogan 2001). 
-Thresholds for what 
defines desired levels of 
LWD in streams would be 
needed. More large woody 
debris is not always 
better – there are 
limits. 
Measuring the orientation 
of large woody debris may 
be another possible 
measure (i.e., as an 
indication of stream 
energy due to water flow 
regime which, in turn, 
can be affected by land 
use activities). 

#25, #52 To be 
determined. 

2 1.5 2 2 1.5 2 1.5 13 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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O, H S            Habitat complexity
(Variance in thalweg 
depth of fish bearing 
streams).  

-recommended by MSRM, indicator for 
watershed level monitoring.  
-Thalweg depth is the deepest 
portion of the stream at a 
given cross section. A stream 
profile (i.e., along the 
stream axis) provides a 
number of sample points from 
which to derive a variance 
measure. 
-The greater the variance in 
thalweg depth, measured from 
a representative sample of 
fish bearing streams by 
watershed, 
the greater the habitat 
complexity. 
-A significant decrease in 
thalweg depth variance in the 
sample streams from previous 
year(s) represents a risk to 
fish sustainability. 

-Fish bearing streams only. 
-Long time span (more than 2 years) 
-Field intensive 
-Costly 

#52 To be
determined. 

2 1 2 2 1.5 2 1.5 12 

O, H S         Habitat availability
for selected species at 
risk 

-measurable 
-methodology exists 

-field intensive #52 To be 
determined. 

2 1 2 1 2 1.5 1.5 11 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 
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O, H S         Resident Fish
Populations (measure: 
trend in resident 
population levels by 
species for fish bearing 
streams). 

Recommended by MSRM – provincial 
indicator for watershed level monitoring.  
-Using data on mean resident 
fish populations by species 
by watershed over a number of 
years (i.e., a running 
average); classify watersheds 
according to increasing, 
decreasing or stable trends 
based on changes in the 
running averages. 
−A decrease in the running 
average of resident fish 
populations in the sample 
streams represents a risk to 
fish sustain-ability. 
-intensive indicator -#62 
recommends electoshocking and 
identify the catch per unit 
effort. 

-long time span required.  
-fish are highly mobile, difficult to 
count and subject to many external 
factors not related to forest practices. 
-presence of fish highly temporally 
variable. 
 

#62, 71,74, 
80, 82 

#62- database 
analysis 
required for 
vigorous 
scoring 

2 0 2 1.5 2 2 2 12 

O, H S           proportion of non-
native fish species in a 
region 

- also reflects level of dams on rivers 
-indicates deficiency of natural diversity 

- broad scale. 
- need to establish native fish list first 
-need to distinguish between 
permanent residents and temporary 
survivors. 

#24 background rate
= 0.02 in 
Alaska to 0.47 
in Wash. state. 

2 0 1 2 1 1 0 7 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d

ic
at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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O, H S         Changes in population
distributions and 
abundance of aquatic 
fauna. 

-measurable  -not possible to link status to specific 
types of habitat alteration or human 
activity, or the causes of species 
decline. 
-Linkage not direct – 
land use management 
actions are aimed at 
preventing impacts on 
populations of aquatic 
species, but they do not 
usually affect such 
populations directly. 
Factors other than land 
use activity can 
significantly affect 
aquatic species’ 
populations (e.g., 
naturally occurring low 
water flows, incursion of 
exotic species, disease 
outbreaks).  
-Declining aquatic 
populations does not 
necessarily mean that 
land use activity is the 
cause of the decline. 
However, it can suggest 
that a precautious 
approach to land 
management should be 
adopted, or that adaptive 
management 
experimentation should be 
undertaken in the 
watersheds of concern. 
−By focusing on 
biological indicator 
species, population 
information would become 
more meaningful as an 
indicator of ecosystem 
state or condition. 

#52, #39 To be 
determined. 

2 1 2 2 2 1.5 2 13 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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O, H S  total species diversity
by species richness 
or % of water bodies 
in forest areas (stream 
km or lake ha) with 
significant variance of 
biological diversity 
from the historic 
range of variability. 

-includes rare species (not in weighted 
indices) 
- should be scored by category of land use 
-methodology 
-assumes historic conditions are more likely 
to withstand natural and manmade stresses. 

-no score developed 
-must adjust for area (size) 
differences. 
-lack of taxonomic data will limit 
use. 
-need to identify reference lakes and 
streams. 
-linkages between loss of species and 
landscape not clear 
-need to develop measure tailored to 
each stream or lake. 
-field intensive, expensive 

#24,49, 59 compare to 
historical 

1       0 2 1 2 2 1.5 10 

O, H S increase in number of 
disturbance related 
increaser species (i.e. 
early seral invaders 
and/or introduced 
plants in the riparian 
buffer or vigor of 
plants in riparian zone 
decreased. 

-most early invaders and introduced species 
have less soil-holding and sediment 
trapping capability and are less desirable 
forage. 
-methodology exists 
- scoring from FPB report on properly 
functioning condition. 
 

 #62         To be
determined. 

 12 3 2 2 3 0 13 

O, H S         native species
diversity  
or  
healthy diversity of 
benthic algae (#62) 
 

-# native species supported vs. # it would 
support if absence of human impacts. 
-reflects human impact on land 
methodology 
-like IBI but without the subjective nature 
of assigning values to species. 

-less relevant for more untouched 
sites 

#24, 62 To be 
determined 

1 0 2 1 1 1 1 7 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d
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at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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O, H S Index of Biotic 
integrity (IBI) 

-measurable 
-obtained by weighting and summing 12 
individual measures (metrics) 
-scientific basis in biodiversity studies 
- measures many species 
biodiversity and ecosystem integrity 
indicator 
#23 methodology for fish community 
condition FISHCON (subset of IBI 
metrics)-(%'s of trophic individuals, trophic 
generalists, introduced individuals, and 
individuals with external anomalies) - if 
forest land use dominant similar results as 
the RIPCON method. 
-IBI is the most widely used multi-metric 
indicator which has been developed and 
tested in a variety of aquatic ecosystems.  
IBI is a community level indicator, based on 
taxonomic assemblages within specific 
phylogenetic groups and specific 
biogeographic regions (#24 in 23) 

-need to set which species to measure 
and how to measure them (fish, 
invertebrates, etc) 
-requires baseline data- pre-post 
harvest watersheds. 

#5, #11, 
#15, #12  
#23-studies 
found that 
basin wide 
soils and 
riparian 
cover 
accounted 
for a 
significant 
portion of 
variance in 
the IBI. 
#24 
#36- series 
of biotic 
indices 
compared.  

-set as % of 
natural level of 
species 
(baseline data) 
- #23 produces 
a degradation 
score by 
summing 
ratings 
#24-final IBI is 
a sum of 
individual 
metric scores. 
More detail of 
the mechanisms 
for developing 
multimetric 
indices is 
provided by 
Barbour et al., 
1995.  

3       1 3 2 2 2 2 14 

60 
 



P. Beaudry and Associates Ltd.                                                        List of Indicators of Aquatic Ecosystem Health with scores less than 15 
Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d
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at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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O, H S         Fish
(ex. Presence of red or 
blue listed fish species) 
or  
percentage of known 
species at risk 

-Measurable and Quantifiable -they are 
relatively easy to collect and identify in the 
field 
- measuring presence/absence is only useful 
if baseline data exists (pre harvest, look a 
stream inventory data that exists).  
-their mobility and relatively long life span 
allows them to indicate broad-scale and 
long-term habitat conditions 
-their higher trophic position means that 
they can be used as an integrator of changes 
in the lower trophic levels. 
-habitat requirements of may species are 
relatively well known.  
-Understandable 
-Valid 
-Relevant 
- fish are relatively easy to identify 

- difficult to obtain a representative 
sample or an accurate estimate of the 
population. 
-the variety of extraneous factors that 
can affect fish populations during 
different life history stages (fishing 
pressure, predation, disease) 
-the mobility of fish makes it difficult 
to obtain an accurate population 
estimate and this limits the likelihood 
of detecting a statistically significant 
change.  
-not practical – a large # of sample 
sites required at different times of 
year to be statistically viable. 
-costly 
-Axys project on 4 watershed in 
PGTSA found no red and blue listed 
spp. so indicator not useful - but bull 
trout? (#61) 

#1, #25, 
#52, #61, 
#82 

Need to 
determine  

2 1 2 2 2 2 2 13 

O, H S            amphibians
(like indicator: fish) 

-comprise a substantial portion of vertebrate 
biomass 
-reports of dramatic declines have increased 
level of interest in monitoring these 
assemblages. 

-little local information 
-field intensive 
-difficult to measure 

#44 Need to
determine 

1.5 1 2 1 1 1 2 10 

O, H S            bacterial growth on
stream insects 

-bio-indicator of detrimental nutrient levels 
in streams 
-visual assessment 

-difficult to measure #43 1.5 1 2 1 1 1 1 9 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d
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at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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Q S         light penetration
(transparence) 

-low cost 
-physical indicator 
-main factor for light attenuation is colored 
organic carbon (DOC). 
-mercury levels in lakes are highly 
dependent on DOC loading 
-surface water temperatures are highly 
dependent on colored DOC ()'s 
-#54 logging resulted in increased ()'s of 
DOC and total Phosphorus as well as a 
decrease in water transparency. 
-microscopic algae in lakes- the basis of 
food chain is controlled by nutrient 
availability and transparency of water.   

-research from boreal lakes #53,54 #54-mecury in 
sport fish 
exceeded the 
0.5 mg/kg by 
MoE and WHO 

2 1.5 2 2 2 2 1 13 

Q, H S Area and % of forest 
land with significant 
soil erosion 
or 
tracking the 
loss of 
productive soil 
from the forest 
area 
or 
frequency of chronic 
sediment sources 
associated with road 
networks (#57) 

- used field plots to develop model 
-indicative of soil and water conservation 

-no clear scale 
-aggregate estimates of soil erosion 
often have little meaning due to 
natural variability in soil erosion 
-significant needs to be defined by 
landscape, soil and vegetation 
communities. 
-could be field intensive and 
expensive 

#49, #40, 
#57  

-not defined        1.5 1 1 1 1 2 1 9 

Q, H S Amount of time for re-
vegetation of road cut 
and fill slopes, spoil 
sites and road 
deactivation. 

 Involves field spot checks by trained 
staff 

#58 (Fraser 
TSA) 

Within 2 years 
of construction 

2       2 1 2 2 1.5 1 12 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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Q, H S Soil Loss using the 
Universal Soil Loss 
Equation 

-estimates average annual erosion from 
sheet and rill erosion 
-estimates average annual sediment yields. 

initially developed for agricultural 
lands. 

#35         2 1 2 1.5 2 2 2 13 

Q, O S         Water Temperature
(within the range of 
historic variation) 

-measurable  
 -quantifiable 
-clear potential impact 
-clear scientific basis to impact 
-useful monitoring parameter if the forest 
harvest activities are near enough to the 
stream to affect stream shading and input of 
organic materials.  
-Recommended by MSRM, indicator for 
watershed level monitoring (#52) 
-fish and invertebrate species have clearly 
defined temperature optima (#53). 

-conducted over a long time span 
(various years), require baseline 
information or paired control 
streams. 
-relatively expensive 
-capital costs involved (hydrometric 
stations) 
-field intensive 
need region specific guidelines by 
watershed use classification  

#3, #7, #25, 
#30 stds, 
#52 
#53(lake 
temp),78, 85 

-no net 
warming 
suggested 
-daily 
maximum 
tolerable 
temperature for 
various fish 
species in 
watershed. 
-#30-
maximums for 
thermal 
additions  
- #78 sets 
thresholds by 
fish species 
- #85 presents 
all ranges and 
suggests some 

2 1 2 2 3 2 1.5 14 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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Q, O, H S trophic status of lakes - to identify eutrification of lakes by 
humans 
3 indicators - Secchi-disk ( indicates lake 
clarity); total Phosphorus ( lake chemicals - 
most limiting factor in lakes); and 
chlorophyll a - direct measure of algal 
densities. The 3 indicators are strongly 
related - have been transformed into 1 
concept. 
-need to identify different lake types first. 
-secchi disk - low cost, doesn’t require 
expert 
-satellite tech. being developed to assess 
reflectance data for remote lakes.  

-indicators vary seasonally in lakes.  
- need to sample in same area. 
 

24, 74 -set threshold 
based on lake 
type 
(oligotrophic 
etc.) 

2       1.5 2 2 1.5 1 0 10 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
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or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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Q, O, H S Bedload or  
presence and 
density of 
sedimentation; 
particle size 
distribution 
in 1st and 2nd 
order streams 
(Model Forests). 
 

-measurable: quantifiable (could use the 
guidelines developed by John Rex, 
available at UNBC library).  
-require 2 measurements, 1 u/s and 1 d/s of 
crossing or managed area. 
-method use containers in the river to 
capture deposition of fines (#60) 
 

-field intensive 
-less expensive than water quality 
stations to measure turbidity.   
-Logging and road 
building activities can 
have a direct bearing on 
sediment load that is 
delivered to streams: 
however, natural events 
(e.g., heavy rainfall 
events, landslides) can 
also affect sedimentation 
levels. 
− Natural spatial and 
temporal variations in 
sedimentation 
expected to be high, 
preventing a clear 
interpretation with 
respect to land use 
effects. 
 
 

#3, #52 For 
protection 
of aquatic 
life, BC 
Water 
Quality 
Guidelines 
define 
streambed 
substrate 
compositio
n as fines 
not 
to exceed 
10% as 
less than 
2mm, 19% 
as less 
than 3mm, 
and 25% as 
less than 
6.35mm at 
salmonid 
spawning 
sites. The 
geometric 
mean 
diameter 
must be 
not less 
than 12mm, 
and the 
Fredle 
number not 
less than 
5mm 
(Ministry 
of Water, 
Land and 
Air 
Protection 
1998). 

2       1 2 2 2 2 2 13 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
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of
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or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 
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Q, O, H S           sediment delivery
evaluation 

-examine road and skid trail systems and 
mass failures in the watershed. 
methodology complete forms (Idaho 
adapted Wash. methods) 

field intensive 
-need a professional to set local 
weighting of factors considered 

#19 for roads: Low
<31 

 2

Moderate 31-50 
High > 50; 
 different range 
for skid trails 
and mass 
failures. 

1 2 1.5 2 2 1 12 

Q, O, H S % water bodies in 
forest areas with (eg. 
stream kms, lake 
hectares) with 
significant deviation 
from the historic 
range of variability in 
pH, DO, levels of 
chemicals (electrical 
cond.), sedimentation 
or temp. change.  

-measurable -need long term data 
-expensive 

59        %age 2 1 2 2 2 1 2 12 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d

ic
at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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  Q, O, H S        nitrogen and
suspended sediment 
 

- Annual measurements. 
-Unit of measure is nitrogen levels and total 
suspended sediments.  
-methods for measuring concentration of 
different nitrogen compounds in water are 
well known (#25, pg.85) 
-measuring suspended sediment is 
moderately useful, and nitrogen is unlikely 
to be useful although may help interpret 
data from a primary parameter.  
-monitoring of nitrogen can be useful when 
undertaking a forest fertilization program.  
 
 

-expensive 
-require intensive background data 
and paired control sites.  
- intensive monitoring is needed 
during storm events in order to obtain 
useful data. (for suspended 
sediments)-calculating sediment load 
and sediment flux requires 
continuous discharge measurements. 
-primary problem with measuring 
suspended sediment is how to sample 
in time and space. 
-suspended sediment concentrations 
can show considerable spatial 
variability.   
 -Observations must be made over a 
range of flow conditions and with 
simultaneous discharge 
measurements (difficult to detect 
changes in chemical water quality 
constituents).  Must sample 
adequately at high flows when bulk 
of nitrogen is being transported past 
monitoring station.  
-the complexity and interactions of 
the terrestrial and aquatic nitrogen 
cycles must be considered when 
attempting to relate a change in 
stream chemistry to a particular 
management activity  
-observed increases in aquatic 
nitrogen caused by logging represent 
only a very small fraction of the total 
nitrogen capital on site (#25) 
-capital costs  

#1 (page22) 
– Current 
Status: done 
– try to track 
down this 
information.  
#25, #52,78 

CCME 1996 #13, 
#14 
-#25, pg. 85 
pg 1-2 nitrates in 
drinking water 
quality; ammonia -
aquatic life; pp 3-
18;  #30; 
turbidity for 
drinking  
water, swimmers - 
5.0 NTU;  
-Thresholds 
For 
protection of 
aquatic life, 
BC Water 
Quality 
Guidelines 
define 
maximum 
induced 
suspended 
sediments as 
25 mg/L in 24 
hours and 
mean of 5 
mg/L in 30 
days when 
background is 
less than or 
equal to 25; 
25 mg/L when 
background is 
between 25 
and 250; and 
10% when 
background 
is greater 
than or equal 
to 250 
(Ministry of 
Water, Land 
and Air 
Protection 
1998). 

2 0.5 2 2 1 1 1 10 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T
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Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
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Q, O, H S         Nutrients -measurable, quantifiable 
-unlikely to be useful or little relationship, 
although may be useful under certain 
conditions or help to interpret data from a 
primary monitoring parameter.  
 

-conducted over a long time span 
(various years), observations must be 
made over a range of flow 
conditions. -require baseline 
information. 
-relatively expensive 

#3, #11, #25 
#30 stds 
78-
thresholds 
and 
protocols for 
pH, N and P 

-need to 
reference 
guidelines 
#11 states that 
international 
stds are 
available for 
BOC, COD, 
nitrogen , 
Phosphorus, pH 
and certain 
pesticides. 
#30 provides 
drinking water 
stds and for 
aquatic life -ph, 
colour, odour, 
microbal, 
inorganic 
chemicals, 
organics (incl. 
pesticides), 
radiological 
parameters; 
suspended 
solids. 

1.5 0.5 2 2 1.5 1.5 1 10 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T
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Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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Q, O, H S         Dissolved Oxygen
(DO) 

-measurable. 
-clearly defined methods exist (ie., Winkler 
Method, see pg. 81 of  #25) 
-unlikely to be useful or little relationship, 
although may be useful under certain 
conditions or to help interpret data from a 
primary monitoring parameter.  
-concern about DO is justified primarily in 
situations where (1) water flow is low and 
temp. is high2) the rate of energy 
dissipation, which accelerates reaeration, is 
low; and 3) oxygen sinks are high.   
- indicates balance between instream 
primary production and respiration(24) 

-require baseline information.  
-relatively expensive 
-present logging practices and the 
increased protection for the major 
stream channels suggest that 
management-inducted depletion of 
DO in stream water will occur only 
under unusual circumstances (e.g., 
large amount of slash is introduced to 
stream.  

#3. #11,#24 
#25.,78 

-need to 
reference 
guidelines. 
#11 states 
international 
standards are 
available 
-#25 US EPA 
standards 
5.0mg/L for 
fish 
#30- provides 
dissolved 
oxygen levels 
from Davis 
1975 and US 
EPA 1986. 
-must consult 
provincial 
standards   
78 sets 
thresholds for 
fish 

2 1 2 2 2 1 0 10 

Q, O, H S            Inter-gravel DO -likely to be one of the most useful of the 
chem. and phys. components of water if fine 
sediment is a concern. 
-forest management activities are more 
likely to affect inter-gravel DO through the 
increase in fine sediment. 

-a clearly defined method: has it been 
tested and developed since 1991 
(#25).  

#25 -need to
determine 
#30- should be 
at least 3mg/L 
than in 
overlying 
water. 
 

2 1.5 2 2 2 2 1 13 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d

ic
at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 

   
M
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b
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C
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t 
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c 

M
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h
od
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O

T
A
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Q, O, H S         DOC (dissolved
organic carbon) 
concentration 

- primary factor for light attenuation is 
colored organic carbon (DOC). 
-mercury levels in lakes are highly 
dependent on DOC loading 
-surface water temperatures are highly 
depended on colored DOC ()'s 
-#54 logging resulted in increased ()'s of 
DOC and total Phosphorus as well as a 
decrease in water transparency. 
-good for water quality 
-relatively easy to collect 
-can contribute to modeling of aquatic 
planning indicator of area harvested to lake 
area. 

-research from boreal lakes 55 set within 
natural 
variability 

2 1.5 2 2 2 2 1 13 

Q, O, H R         Adherence to
provincial water 
quality guidelines - 
water management 
branch 1999 

measurable 
scientific basis- drinking water stds 
thresholds set - drinking water stds 
impact is clear 

expensive to measure 
needs 6-10 years of background data 

#6 
community 
watershed 
studies 
#30- federal 
std79-FPB, 
81 
80-meet 
index for fih 

thresholds set - 
drinking water 
stds, 
recreational 
water quality- 
pH, heavy 
metals, etc. 
 

2 1 2 2 2 2 2 13 

Q, O, H R          Adherence to
Canadian water 
quality guidelines  

-watershed scale 
-Unit of measure: Various chemical and 
physical parameters, benthic invertebrates 
-Valid 
-Relevant 
-Sensitive 

-expensive 
-conducted over long time span 
-need baseline information.  

#1,70 2 1 2 2 2 2 2 13 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d

ic
at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 

   
M
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os

t 
 

S
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c 

M
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h
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h
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d
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T
O

T
A
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Q, O, H S riparian health  
or 
proper functioning 
condition 

-RAPP Riparian Assessment and 
Prescriptions Procedure -used as a second 
level assessment 
-focus on logged riparian areas to determine 
if they have impaired functions. 
-methodology exists 
proper functioning condition (Range 
assessment) 

-21 goal - rehabilitation projects. 
-intensive 
-77-goal- impact of range use 

#21,77        identifies levels
of function of 
riparian 
vegetation. 

 3 2 2 2 2 2 1 14 

Q, O, H S           Particle size
distribution in 1st and 
2nd order streams. 

- see FHAP for particle sizes 
-can use pebble count procedure (86) 

-field intensive 
-pre- and post- harvest info. needed.  

#52, 86 2 1.5 1 1.5 1.5 2 1 11 

Q, O, H S           Channel change over
time 

-office and field exercise.  
CAPP standards exist 

-field intensive 
- beneficial to have historical 
information or paired control sites.  

#52,83, 33 2 1.5 2 2 1.5 2 1.5 13 

Q, O, H S            Stream audit
comparisons of 
harvested to control 
streams for 
morphology (e.g., 
channel width, bed 
material size, 
substrate size, organic 
debris). 

-office and field exercise.  
CAPP standards exist 

-field intensive 
- beneficial to have historical 
information or paired control sites. 
-require professional 

#52,33 2 1.5 2 2 1.5 2 1.5 13 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d

ic
at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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Q, O, H S            Channel assessment
procedure - CAP 

-identifies disturbed channels. 
-comparison of air photos to look at 
historical changes. 
-can include field work 
-other methods available (RMRS-GTR-6 
have) 
also RAPID technique(using air 
photos)(PNW-GTR-220)-have). 

intended as a 2nd level analysis 
-requires an expert to complete. 
 

#33 -compare to
historical. 
 

2 2 2 2 2 2 2 14 

Q, O, H S            Changes in stream
bank vegetative cover 

 -require pre-harvest data #52 2 1 2 1 1 2 1 10 

Q, O, H S Hydrologic risk rating 
- shading (GIS) 
-channel stability 
index 

-combines 2 assessments, one office, one 
field 
GIS measure of cover over larger streams- 
provides risk rating of whether stream temp. 
will increase. 

- intensive sampling for one measure 
- other just a summary. 

#19         -risk level
assigned based 
on canopy 
removal index 
and channel 
stability indices 
( see other #19 
entries) 

2 1.5 2 2 2 2 2 14 

Q, O, H S channel stability index 
(CSI) 

-methodology  modified in current report 
for non-specialist to apply (complete series 
of forms) 
-measure bank sloughing, vegetation, % 
rock, bank cutting, LOD, movement, rock 
shape and brightness). 

- field intensive, older method 
-appropriate for identified areas of 
concern. 
-need a professional to set local 
weighting of factors considered. 
-lack of long term data to evaluate its 
usefulness for water quality 
monitoring.  
-difficulty of relating observed 
changes to specific management 
activities.  

#18         <36-low
36-58 -
Moderate 
> 58 -High 

2 1.5 2 2 1.5 2 1.5 13 
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Aquatic Ecosystem Indicators with scores less than 15 
 
Type of Indicator = Pressure (P), Response (R), or State (S).  

Screening Criteria Scoring System (0=no 
quality, 1= low quality, 2=moderate quality, 3= 
high quality). 

Component 
F=flow and timing 
Q=water quality 
O=organisms 
H=Habitat T

yp
e 

of
 

In
d

ic
at

or
 

Potential Indicator Advantages (Pro’s) Disadvantages (Con’s) Key 
Literature 
Reviewed 
(see excel 
database) 

Thresholds 
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Q, O, H S levels of contaminants 
in fish tissue 
or  
#’s of animal deaths 
and deformities. 

-methodology well established 
-clear link to pollutants 
-measures bioaccumulation 
can measure whole fish, fillet or livers. 

- intended to identify pollution by 
pesticides, heavy metals and PCB's. 
- no and size of fish to sample 
important relative bioaccumulation 
of large and small stream fish is not 
known (#44) 

#42, #44, 74 #54-mecury in 
sport fish 
exceeded the 
0.5 mg/kg by 
MoE and WHO 

3       0 3 3 0.5 0.5 1 11 

Q, O, H S         record point source
occurrences and their 
remediation 

-measurable 
-clear methods, link to environment,  
economic. 

- links to road crossings, spills #10 100% 
remediation 

2 2 2 2 2 2 2 14 

Q, O, H. 
 

S N and P runoff - for non-point sources of pollution 
(#54) research shows lakes affected by 
harvesting and fire showed significantly 
higher phosphorus concentrations than 
control lakes 

-focus for agricultural land impacts 
of fertilization  
-thresholds not developed 
-impact at the coast 

24, 54,74, 0 to 1000 
kg/km/yr - 
depends on 
basin size 

2       1 1 1 1 1 1 8 
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Searchable Excel database of literature sources 
 
The literature sources are provided in an Excel database on the CD. The Excel database has the 
following columns:  
 
Reference # Author Year Title Source Keywords 
 
Reference numbers identify the literature sources referred to in Appendix 3.  "Source" provides the 
citation for the article and may include the website.  Keywords provide additional terms for searching 
the database.  The list of potential keywords is provided in the Excel file and in this Appendix. 
 
Process for literature database 
 
If this is the first time anyone has used the database: 
1) Open the database and create the datasource by defining the columns in excel spreadsheet  
2) Make sure row 1 has titles in bold and bigger font; highlight all these columns 
3) Use >insert (excel tab)>name>define  … 

(The workbook name will be the title of the 1st column "reference" and the area should be 
database!$A:$last column letter) 

4) Close the database file and save it, and open a new one  (to select the datasource) 
5) Use data> get external data >new database query.   (A query wizard screen will appear) 
6) On the database tab (one you first see) choose "<new database query>"  
7) Follow instructions in query wizard…  

Identify the driver that you have from the pulldown list, connect and identify version in the pulldown 
list - an excel database (not the Spanish one). 

Select the workbook and locate the database in your computer;  
Name your database with a easy to recognize name e.g. "aquatic indicators C drive" ; save and close 

Now make a query 
9) Use >data>get external data> new database query 

>point to excel database "aquatic indicators C drive" (double click or Okay) 
10) Now the query wizard appears for you to choose the columns 

Double click on the available tables (reference) to see the columns 
Move over the relevant columns with the arrow ">" to query (right box), choose all columns with titles 
Next set up the filter data: sorting with keyword or title (click on the column name) with "contains" 

"chosen keyword"  "or"  "contains" … 
Then sort by: use columns that will help you identify the article - year, author etc 
Save query ( this is a box to click), name the query so it is recognizable e.g. " aquatic indicators query 

BMP" 
Then choose "return the data to MS Excel" for the results of the query. 

 
If the database already has been used: 
1) Open a new excel file (blank) 
2) Use data> get external data >new database query  .. (A query wizard screen will appear) 
3) Move to the query tab and choose the saved query (double click or okay).  If there is no saved query 

choose the created database   
" aquatic indicators C drive" and follow the instructions from 10) above to create a query and save it. 

4) Alter the saved query following the steps in the wizard.   
Check that all the columns you want to search and print out are listed ( should have all) 
Next set up the filter sorting the keyword or title column with "contains" "chosen keyword"  "or"  
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"contains" … 
Return the data to MS Excel  for an instant view of the results. 
You don't need to resave an existing query, just alter it each time.  

 
Keywords used in the Excel Database 

 
aerial photograph interpretation IWAP stream crossings 
agriculture lakewater temperature 
algae land use terrain analysis 
aquatic habitat landslides terrain stability 
aquatic organisms legislation universal soil loss equation 
bacteria light intensity vegetation 
BC logging .. includes harvesting water chemistry 
BC interior models water quality 
bedload monitoring water temperature 
benthic sediment      natural disturbance water yield .. water quantity  
benthic invertebrates  nitrogen watershed models 
biodiversity  nonpoint source wetland 
BMP nutrients wildfire 
buffer strips objectives wildlife 
channel assessment organic matter woody debris 
channel morphology oxygen  
classification peak flows  
community watersheds pesticides  
cumulative effects pH  
ECA planning  
ecosystem management pollution  
erosion regeneration  
evaluation .. includes assessments restoration  
fertilization riparian  
fish road density   
fish habitat roads  
fisheries interaction Rosgen  
geomorphology salmonids   
groundwater sampling  
headwaters sediment budget  
herbicides sedimentation  
hydrology shade  
indicators silviculture systems  
instrumentation site preparation  
inventory statistics  
invertebrates stream crossing density  
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Appendix 3.  Complete List of Aquatic Ecosystem Indicators Identified 
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Appendix 4.  Workshop Agenda
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WORKSHOP ANNOUNCEMENT 
Development of Aquatic Indicators  
for Sustainable Forest Management 

 
Presented by: 

Slocan Forest Products Ltd. 
Canadian Forest Products Ltd. 

MacGregor Model Forest Association 
 

2 March, 2004 
9:00 to 14:00 

Location in Prince George to be confirmed 
 

INTRODUCTION 
 
Slocan Forest Products – Plateau Division (Slocan), Canadian Forest Products (Canfor), L&M Lumber 
and Lakeland Mills are currently preparing a Sustainable Forest Management Plan (SFMP) in the 
Vanderhoof Forest District. An integral part of this process is the development of Criteria and 
Indicators (C&I) of sustainable forest management. These C&I can be used both to provide a strategic 
and systematic means of creating and evaluating forest management options and to foster the 
development of adaptive management programs.  
 
Within the SFM framework there is a requirement for a set of criteria and indicators to demonstrate the 
sustainability of ecological, social and economic “values” in a forest management unit. A component 
of the ecological values is the maintenance of aquatic ecosystems so that their productivity, structure 
and biological richness are sustained. To meet the requirements of the SFM framework, a series of 
clearly defined performance criteria and indicators must be developed to gauge progress towards the 
goal of maintaining the sustainability of aquatic ecosystems. The “criteria” are meant to be broad 
management objectives, while the “indicators” are scientifically defensible measures that support and 
“prove” the criteria, and provide an early warning to forest managers. 
 
P. Beaudry and Associates Ltd. (PBA) has been retained to complete an extensive literature / current 
information review and to then develop a draft set of “aquatic ecosystem” indicators. These indicators 
will be used to track trends within the forested watersheds of the Vanderhoof Forest District as well as 
many other areas within the Prince George TSA. The results of the literature review and the 
presentation of the draft C&I framework will be presented at this workshop.  
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OBJECTIVES OF WORKSHOP 
 

1. Present the “working draft” set of aquatic indicators to local resource managers and academics 
and foster information exchange on this topic. 

2. Provide an extension opportunity on the subject of aquatic criteria and indicators to the forestry 
community at large.  

AGENDA 
 
9:00-9:15   Introduction of participants – All 

9:15-9:30   
Description of scope of work and objectives: - Dean Marshall/Paul Jeakins, 
Slocan 
 

9:30-9:45   

What is a Sustainable Forest Management Plan?- PBA 

• What are “Criteria and Indicators” (C&I) 
• What are the important qualities and characteristics of an SFM 

indicator? 
• What are C&I used for? 

 

9:45-10:15   A quick overview of how forestry activities can negatively impact aquatic 
resources: - PBA 

10:15-10:30   Health and Wellness Break 

10:30-11:00   Summary presentation of the literature review on SFM aquatic indicators. 
Advantages, disadvantages and ranking of the indicators: - PBA 
 

11:00-12:00   Presentation of the proposed conceptual frameworks for aquatic ecosystem 
indicators for Slocan – Plateau Division. - PBA 
 

12:00-12:30   Facilitated discussion about the strengths, weaknesses and limitations of the 
proposed conceptual frameworks – All 
 

12:30-13:00   Lunch (provided) 
 

13:00–14:00 Focused discussion with interested individuals 
 

14:00   Workshop closure 
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Please reply to P. Beaudry and Associates Ltd. by February 6, 2004 if you, or one of your colleagues is 
interested in attending this workshop (Phone: 250-563-8405, E-Mail: PBA_Pierre@Telus.net).  
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Appendix 5.  Workshop Attendees  
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Participants Aquatic Ecosystem Indicators Workshop - March 2, 2004 
 

 
Name Affiliation  

Dean Marshall Slocan Group dmarshal@plateau.slocan.com 
Darryl Bokvist Slocan Group dbokvist@plateau.slocan.com 

Ralph Wells UBC wells@interchange.ubc.ca 
Bill Aro Canfor -PG jkavanagh@mail.canfor.ca 

Kerry Deschamps Canfor -PG kdeschamps@mail.canfor.ca 
Bill Wade Canfor -PG bwade@mail.canfor.ca 

Joe Kavanaugh Canfor PG  
Bryan Jakubec Canfor-FSJames bjakubec@mail.canfor.ca 
Jason Mattioli West Fraser  
Norm Bilodeau BCTS PG  

Lynn Blouw MSRM Lynn.Blouw2gems7.gov.bc.ca 
Chris Ritchie MWLAP Chris.Ritchie@gems1.gov.bc.ca 

Peter Tschaplinski MoF-Victoria Peter.Tschaplinski@gems4.gov.bc.ca 
David Maloney MoF- Region David.Maloney@gems9.gov.bc.ca 

Rein Kahlke McGregor Model Forest Rein.Kahlke@mcgregor.bc.ca 
Cory Williamson WLAP Fisheries Cory.Williamson@gems7.gov.bc.ca 

Clayton Gilles FERIC  
Nick Leone DFO  
Len Seefried DFO  

John Summers DFO  
Les Swain MWLAP  

Sabur WLAP- Williams Lake  
Robin Pike Forrex  

Sharon Dow MoF  
Pierre Beaudry PBA  

Natalie Newman PBA  
Leisbet Beaudry PBA  
Hugh Hamilton Summit Environmental  
Sue Grainger  UNBC Research Forest  

John Rex Rex Environmental  
Total Participants  30 
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Appendix 6.  Workshop Presentations and Handout with Glossary  
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1

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Aquatics Indicators for 
Sustainable Forest 

Management

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd. P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

AGENDA

Closure~ 14:30

Discussions (con’t)13:30-14:30

Lunch12:30-13:30

Facilitated Discussions12:00-12:30

Draft Frameworks11:00-12:00

Results of lit review10:30-11:00

Break10:15-10:30

Forestry activities and 
the aquatic environment

9:45-10:15

SFM and C&I
What is it and what do they 
do

9:30-9:45

Project Description9:15-9:30

Introductions9:00-9:15

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Objectives and Scope 
of Project

Slocan

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Slocan Forest Products Ltd. SFM Framework

Criteria 1: Biological Richness and its associated 
values are sustained.

Indicator 2: The amount, distribution and 
heterogeneity of terrestrial and aquatic habitat types, 

elements, and structure important to sustain biological 
richness are maintained. 

Default
Presentation # 1.  Aquatic Indicators for Sustainable Forest Management



2

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Aquatic Indicators in the context of
Sustainable Forest Management Planning

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

SUSTAINABLE FOREST MANAGEMENT

Maintenance of  the 
sustainability of forest-
related ecological, social, 
and economic values for a 
defined area over a 
defined time frame. 

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Sustainable Forest Management FrameworkSustainable Forest Management Framework

The conceptual forest 
management strategy for 
all of Slocan’s operations. 

The goal is the creation of 
a scientifically defensible, 
operationally feasible 
approach to sustainable 
forest management in BC

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Criteria and indicators are used in the 
SFM framework to:

1.Provide a systematic means of 
creating and evaluating forest 
management option, and

2.Foster the development of adaptive 
management programs

Default
Presentation # 1.  Aquatic Indicators for Sustainable Forest Management
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Criteria and indicators 
(C&I) are used:

1. as the guideposts for 
balanced, transparent 
forest management 
decisions. 

2. for achieving measurable 
and effective results for 
identified forest resource 
values.

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Criterion Goal Indicator Threshold or 
Target

Action

Standard Hierarchal SFM Model

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Criteria: a broad category 
of conditions or processes 
by which sustainable forest 
management may be 
assessed. 

e.g.: CCFM Criterion #3: 
Conservation of Soil and 
Water Resources

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Goal is a broad 
management objective 
describing a desired 
outcome or future 
condition of a criterion

Examples could include:

1. Maintain natural drainage 
patterns within a watershed

2. Avoid negative downstream 
cumulative impacts

3. Prevent sedimentation

Default
Presentation # 1.  Aquatic Indicators for Sustainable Forest Management
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Indicators are quantitative or qualitative 
variables used to measure or describe the 
state or condition of a specific criterion 
or resource value. 

Examples include:

1. % disturbance 
in a watershed

2. % of stream 
length with 
functioning 
riparian forest

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

A key aspect of the SMF 
framework is the reporting 
on the status of the 
indicator over time 
through defined targets
and thresholds. 

A target is used for each 
indicator to specify the 
desired condition , state or 
range for the indicator

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

The threshold or target value 
is used to warn managers of 
the potential for impeding  
unsustainable conditions. i.e. 
“early warning system”. 

Examples of thresholds and 
targets include:

1. 30% harvest in wtsd.

2. 100% implementation of 
erosion control BMPs

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Reaching or threshold (or not 
reaching a target) does not imply 
irreparable damage, rather it 
indicates the need to examine, 
identify and possibly implement 
corrective measures – i.e. adaptive 
management. 

Default
Presentation # 1.  Aquatic Indicators for Sustainable Forest Management
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

One of the key criterion (or 
value) identified in the 
Slocan framework is the 
maintenance and 
protection of aquatic 
health. 

KEY VALUES

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Relationship Between SFM and 
Forest and Range Practices Act Terminology

Criteria are equivalent to the FRPA Resource Values

Goals are equivalent to the FRPA Objectives

Indicators are equivalent to the FRPA Indicators

Targets/Thresholds are equivalent to the FRPA Results

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

The FRPA Resource Evaluation Program (FREP) has for 
its main focus Effectiveness Evaluation (EE). 

FREP will use indicators and targets to evaluate whether 
practices meet desired government  objectives and 
protect resource values. 

An SFM framework will use indicators and targets to 
evaluate whether the company is meeting its SFM goals
and criteria. 

Relationship between FRPA 
evaluation and SFM evaluation

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

The difference between FREP and SFM evaluation is:

A. FREP is evaluating objectives set by the government
(external to company)

B.The SFM indicators are evaluating goals set by the 
company itself and possibly approved by a third part 
certification (internal to company). 

The biggest potential difference is in the “goals” and 
“objectives”  

Default
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Criteria of a good 
Indicator

1. Measurable and quantifiable  
2. Cost effective
3. Clear scientific basis (valid)
4. Transparent methodology (understandable)
5. Reasonable threshold can be developed
6. Represents a true potential impact (relevant)
7. Can be used in strategic/development plans 

(forecasting)

Default
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Numerous issues/interaction must be considered when 
developing indicators and thresholds that address the goal 
of protection of the “aquatic environment”.  

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Overview of 

Forestry – Water 

Interaction

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Dominant Issues

1.Issues of scale – site vs. watershed level

2.Changes in flows – total annual and peak 
flows

3.Changes in water quality

4.Reduction in riparian function

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Many activities that are carried out at the site level 

Can cause site level impacts
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

However, the watershed perspective reminds us that 
virtually any resource management practice has the 
potential to add up to negative cumulative effects 
downstream. 

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Consequently issues of 
sustainable watershed 
management must be 
considered at both:

1.The site level

2.The potential for 
watershed level
cumulative impacts

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

FORESTRY AND WATER QUANTITY

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Forestry and water balanceForestry and water balance

The removal of the forest 
canopy has significant 
effects on the rates of 
snow accumulation and 
melt in winter

There is also an effect on 
interception and 
evaporation rates -
summer
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Many studies have investigated the effect of Many studies have investigated the effect of 
amount of harvest in a watershed on changes to amount of harvest in a watershed on changes to 
stream flows.stream flows.

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Results from 
the Fool 
Creek 
experimental 
watershed 
Colorado

Logged (40%)

LoggedLogged

Changes can occur to:

-Total annual flows

-Peak flows

-Time to peak

-Summer low flows

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Review of Water Yield Studies from Around the WorldReview of Water Yield Studies from Around the World

Conifers

Deciduous

Scrub

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Effects on peak flows are much less consistent

From Scherer and 
Pike , 2003
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Although there is abundant proof that harvesting a Although there is abundant proof that harvesting a 
significant portion of a watershed can cause significant portion of a watershed can cause 
streamflow changes, there are no universally accepted streamflow changes, there are no universally accepted 
thresholds on how much is too much.thresholds on how much is too much.

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Different watershed and stream types have different 
sensitivities and thus should theoretically have different 
thresholds, no general agreement on the details of this 
either. 

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

FORESTRY AND WATER QUALITY

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

MAJOR WATER QUALITY ISSUES
in Forestry

Water- borne diseases
Sediment and turbidity
Stream temperatures
Nutrient inputs and nutrient 
cycles
Pesticides

Default
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Water Quality EffectsWater Quality Effects

The introduction of sediment to the watercourse has been 
found to cause the most significant and widespread impacts, 
although changes to stream temperatures are a growing 
concern.

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Sediment the ParadoxSediment the Paradox

Sediment is an essential element for virtually all streams. 
It is not an inherently toxic substance. 

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Sediment the ParadoxSediment the Paradox

There is a broad middle 
ground between too much 
and too little sediment in 
fish habitats. 

Both the quantity and 
timing of sediment 
transport are important

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

In the central interior, the biggest impacts from 
increased sediment tend to be concentrated at 
road crossings. 
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Stream temperature 
increases can be 
associated with extensive 
riparian removal

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Riparian Management
“The heart of an ecologically healthy watershed

is the Riparian Forest” 

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Influence of various components of the riparian forest
P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

In addition to providing a source of LWD and regulation of 
energy exchanges, the riparian area also provides the following:

• Structural diversity to the stream

• Improves physical retention of 
organic matter and inorganic matter

• Direct food source for invertebrates

•Source of nutrients

•Influences species and abundance 
of microorganisms (fungi and 
bacteria)

•Influences periphyton (algae)

•Influences species and abundance 
of benthic invertebrates
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

The natural characteristics of the 
riparian zone change with 
stream size. In low and mid-
order streams the links between 
the riparian forest and the 
stream are strong. In large 
rivers, the links are not as strong 
in the main river, but do remain 
strong in the secondary channel. 

The bulk of forestry 
activities occur along small 
streams (especially now)

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Stream Productivity in the 
River Continuum

Headwaters dominated by 
riparian shading and litter inputs.
Larger rivers dominated by 
downstream drift of fine 
particulate organic matter and 
invertebrates .
Downstream drift supports the 
downstream food web.
Changes downstream 
productivity, population density 
and community structure.

Cummins 1992

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

No one single  Indicator exists out there that 
can address the suite of possible 
forestry/water interactions. That is why we 
have developed an indicator “process” that 
we think can do an adequate job for SFM 
purposes. 

Default
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Development of an Aquatic Indicator 
Framework for Sustainable Forest 

Management

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Methods

We reviewed ~150 articles sourced from over 40 
websites,  numerous libraries and 20 interviews.

International SFM and Certification organizations
Western Canadian and American Universities
Provincial, Federal and International public agencies
Forest Licencees in western Canada
Organizations working in fish habitat and watershed 

management.

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

We have documented over 130 
indicators of aquatic ecosystem 
health.

The quality of each of these 
indicators was scored based on the 
seven fundamental indicator 
criteria

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Criteria

1. Measurable and quantifiable  
2. Cost effective
3. Clear scientific basis (valid)
4. Transparent methodology (understandable)
5. Reasonable threshold can be developed
6. Represents a true potential impact (relevant)
7. Can be used in strategic/development plans 

(forecasting)
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

ScoringScoring

We assessed the value of each indicator relative to 
each of the seven criteria on a scale of  0 (poor) to 3 
(good).
The values were added for a total “quality of 
indicator” score.  
We eliminated all indicators with total scores of less 
than 15.

152322313Score

Total#7#6#5#4#3#2#1Criterion

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

A very popular classification system for 
individual indicators is based on how the 
indicator evaluates the impact on the 
environment:

Pressure

State 

Response

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

We identified 42 potential indicators 
of aquatic health (scores >15).

We found that virtually all of these 
indicators could be grouped in one of four 
broad categories –which we have used as 
the basis for the draft frameworks

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Groupings of aquatic 
indicators

1. Based on measurements of Best Management 
Practices.

Canadian Council of Forest Ministers
Oregon Department of Forestry- Forest Practices 

Monitoring
Model Forests Criteria and Indicators
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Groupings of aquatic indicatorsGroupings of aquatic indicators

2. Based on easily measured landscape and 
watershed parameters using GIS or air photos.

MoF IWAP procedure 
(version 1)

Alberta – modified IWAP
MSRM summary of 

licencee indicators 
USDA- Forest Service

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Groupings of aquatic indicators

3. Based on field measurements

US EPA rapid bio-assessment protocols
Tschaplinski’s riparian assessments
Stream Crossing Quality Index (SCQI)
FPC Channel Assessment Procedure 
FPB review of water quality monitoring

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Groupings of aquatic indicators

4. Combined  or Tiered approach

MoF- IWAP and other cumulative effects 
approaches (version 2).

Sustainable Forestry Initiative and US- EPA
Gustavson and Brown – report to MSRM

1

2

3

4

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Current Government DirectionCurrent Government Direction

Government is currently neutral relative to 
it’s support for the development of 
indicators for certification. Consequently, 
no official policies or recommendations 
currently exist.
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

The BC government commissioned the 
compilation of an inventory of SFM indicators 
currently in use throughout B.C. (Brown, 
2003). 

However, no recommendations or indicator 
rankings have followed from this inventory. 

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Current Government Direction

Forest and Range Practices Act
Effectiveness Evaluation Program

Routine

Extensive

Intensive 

Validation

Less Intensive

More Intensive

Evaluation Intensities

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

The literature review has led us to the 
development of four “framework” options 

Each framework is complete, but each has 
advantages and disadvantages

Proposed Frameworks

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

The challenge will be to select a framework that 
Slocan can live with that won’t be too expensive, 
but yet will be meaningful. 

The frameworks can be implemented gradually 
over time, beginning with the routine indicators 
and working towards the validation work. 
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

BMP Model
Criteria: Conservation of Soil and Water Resources 
Draft Framework 1 BMP Model 
 

Aquatic Ecosystem 
Component Addressed1 

Indicator Measures 

F Q O H 

Threshold Validation Type Effective-
ness 
evaluation 
intensity 

Percent of area managed under a 
set of predefined aquatic BMPs, 
or approved standards. 

Clearly Establish/Identify and “publish” a set 
of aquatic BMP's.  For example: 

• FRPA riparian management area 
regulations 

• Local DM policy of small stream 
management 

• FPC fish stream crossings guidebook. 
• Sediment and erosion control manual or 

handbook 
• Extent of acceptable disturbance in the 

watershed 
• Practices on landslide prone terrain 
• Silviculture guidelines for herbicides and 

fertilizers 
Measure the percentage of the total operating 

areas where these BMPs are being applied. 

X X X X Easy to 
establish. 

 
 
 
 
An “audit” to see how 
much is being applied 
as described in the 
published BMP. 
 Response Routine 

Percent of staff and contractors 
trained in appropriate 
implementation of identified 
aquatic BMPs and standards. 

Provide staff training and record course 
completion. 

X X X X Easy to 
establish 

 
Field "audit" to see if 
trained operators are 
applying BMPs 
effectively 

Response Routine 

Percent of sites that have passed 
an implementation audit of 
published BMPs 

Establish the number or percent of sites to 
audit. 

Record % of work with BMPs and standards 
implemented effectively and as prescribed. 

X X X X Easy to 
establish 

 
Field measures/ 
monitoring to 
determine if aquatic 
BMPs are effective. 

Response Extensive 

“In-stream” or “near-stream” 
measures to test if BMPs are 
actually effective.  

-Upstream/downstream of crossing turbidity 
measures  

- Appropriate sub-suite of Tschaplinski’s 
riparian extensive indicators 

- Road drainage survey 

X X X X  

 

State Intensive 

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

BMP Indicator

Compliance with and, effectiveness of 
water quality Best management practices

Monitoring compliance with established BMPs
may be the most practical measure of effects of 
forest practices on water quality

- The Great Lakes Forest Alliance

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

GIS/ Air Photo Model
Criteria: Conservation of Soil and Water Resources 
Draft Framework 2 GIS Model 
 

Aquatic Ecosystem 
Component 
Addressed1 

Indicator Measures 

F Q O H 

Threshold Validation Type Effective-
ness 
Evaluation 
Level 

Percent of watershed recently 
(20 years) burned or harvested 
(or ECA or PFI) 

Identify watershed boundaries. 
Using GIS measure forest cover by age 
and size of disturbance within a 
watershed. 

X    Easy to 
establish. 

Difficult to validate. 
 
Field monitoring at landscape 
scale; requires historical 
variability for comparisons.  

Pressure Routine 

Road density  Identify the length and density of roads 
within a watershed using GIS. 

X X   Easy to 
establish 

Difficult 
 
Landscape scale studies are 
required to find links to 
rate/timing of flows, 
sedimentation etc.  

Pressure Routine 

Percent of riparian disturbance Identify length of riparian disturbance on 
air photos using GIS or by an aerial flight 
within a watershed. 

 X X X Easy to 
establish 

Difficult  
 
Field measures to determine 
impacts of different types of 
riparian disturbance 

State Routine 

Stream crossing density Identify the number and density of stream 
crossings in a watershed using GIS 

 X X X Easy to 
establish 

Difficult  
 
Landscape scale studies are 
required. 

Pressure Routine 

Landslide density Identify the number of land-use related 
landslides reaching streams using air-
photos and recon over flights within a 
watershed. 

 X X X Easy to 
establish 

Difficult 
 
Field measures to determine 
impacts of landslides to 
streams. 

State Routine 

Road density on unstable 
slopes 

Measure the road density on slopes with a 
class 4 and 5 slope stability hazard rating 

 X X X Easy to 
establish 

Difficult Pressure Routine 

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Field Indicator Model
Criteria: Conservation of Soil and Water Resources 
Draft Framework 3  Field Indicator Model – “In-stream” or “Near stream”  
 

Aquatic 
Ecosystem 
Component 
Addressed1 

Indicator Measures 

F Q O H 

Threshold Validation Type Effective-
ness 
evaluation 
level 

Sediment source hazard 
assessment (i.e. SCQI). 

Field based assessment of effectiveness 
of sediment and erosion control at 
stream crossings 

 X X X Easy to 
determine. 

Easy to validate. 
 
Compare turbidity above and 
below crossings. 

State Extensive/ 
Intensive 

Percentage of barriers to fish 
passage identified and removed.  

Field assessment (e.g., Fish passage 
culvert inspection) followed by 
rehabilitative measures. 
Record # sites successfully 
rehabilitated. 

X  X X Easy Easy. 
 
Conduct FPCI’s after 
rehabilitation measures have 
been implemented.  

State Extensive 

Percentage of riparian buffers 
that are effective (using 
Tschaplinski's rating to 
extensive level). 

Field measurements of buffer 
components and characteristics around 
water bodies. 

 X X X Easy Difficult to validate. 
 
Monitor to identify 
effectiveness of buffers. 

State Extensive 

Percent area that has maintained 
natural stream drainage patterns. 

Field survey of locations of cross-
ditches, culverts, stream diversions, etc. 

X X   Easy Difficult. 
 
 

State Extensive 

Benthic Invertebrate Populations Field survey using a rapid 
bioassessment protocol (e.g. US EPA). 
Richness, composition, tolerance and 
tropic/habitat measures are considered 
to assess the Biological Integrity of 
Benthic Invertebrates. 
Determine suitable sample sites and set 
reference conditions. 

 X X X Difficult  Difficult 
 
Compare benthic invertebrate 
samples to reference 
conditions set for a 
watershed. 

State Intensive 
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Combined/ Tiered Model
Criteria: Conservation of Soil and Water Resources 
Draft Framework 4 Combined/Tiered Approach – compatible with Provincial 
FRPA Resource Evaluation Program 

Aquatic 
Ecosystem 

Component 
Addressed1 

Effective-
ness 

Evaluation 
Level 

Indicator Measures 

F Q O H 

Threshold/ 
Target Validation Type 

 
• Percent of sites that have 

identified aquatic BMPs and 
standards. 

 
• Percent of field staff and 

contractors that have been 
trained in the implementation 
of BMPs 

1) Establish and publish a clear set of 
aquatic BMPs 

2) Measure the percentage of the total 
operating areas where these BMPs are 
being applied. 

3) Measure the percentage of all of the 
relevant field staff that have been 
trained for BMPs. 

X X X X 

• 100% of operating 
area has well 
defined aquatic 
BMPs 

• 100% of staff have 
been trained in 
BMPs 

See bottom row. Response Routine 

• Percent disturbance (or ECA or 
PFI) 

• Stream crossing density 
• Percent lakes accessible by road 
• Percent small steams located 

within a cutblock or on an edge 

1) Identify watershed boundaries. 
2) Using GIS measure the indicators. 
3) If any of the indicators at this level 
exceed the threshold then proceed with the 
relevant extensive level indicator. 

X X X X 

ECA= 25% 
 
SCDI = 0.4/km2 
 
Lakes and small 
streams to be 
established 

See bottom row Pressure Routine 

• % of BMPs that are being 
applied as described or 
prescribed (may already be 
covered by EMS functions) 

 

Implementation survey of BMPs (audit 
procedure) e.g.: 
1) Erosion and sediment control (e.g. 

SCQI) 
2) Riparian survey 
3) Landscape drainage survey 

X X X X 

• 100% of audited 
practices are being 
implemented 
according to 
published BMPs.  

See bottom row Response Routine/ 
Extensive 

• % of well applied BMPs that are 
effective in maintaining aquatic 

health 

-Upstream/downstream of crossing 
turbidity measures  

- Appropriate sub-suite of Tschaplinski’s 
riparian extensive indicators 

- Road drainage survey 

X X X X 

100% of BMPs are 
effective at 
maintaining aquatic 
health, if not 
redesign BMP 
(i.e. adaptive 
management) 

These are 
validation 
measures, they 
are expensive and 
time consuming. 
Long term 
commitment is 
required 

State Extensive/ 
Intensive 

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Adaptive management feedback loops associated Adaptive management feedback loops associated 
with Framework #4 with Framework #4 –– “Combined approach”“Combined approach”

If GIS indicators exceed thresholds then proceed with an 
“audit” to assess if BMPs are applied as prescribed (how 
well work is being done).

If BMPs are not applied as prescribed then review training 
procedures, supervisor effectiveness and operational 
feasibility of BMPs. Adjust as appropriate.

If BMPs are applied as prescribed (site level taken care of) 
then proceed with appropriate effectiveness evaluation (step 
4).  

If not effective re-design BMPs or constrain landscape level 
development (spatial or temporal constraints). 

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

From: Reid L.M. 1998. Cumulative Watershed Effects: Casper Creek
and Beyond. USDA Forest Service Gen. Tech. Rep. PSW-GTR-
168.

Prevention of Watershed Cumulative Impacts

Best achieved through the combined use of:

1. Impact Based BMPs. These will control 
“how well” the work should be done.

2. Activity thresholds. This will control “how 
much” disturbance should occur (assuming 
the job is well done – see BMP)

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Advantages & Disadvantages
of each Model

Default
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

1. May take time to establish a well 
accepted clearly defined set of 
BMP's.

2. Cost of auditing could be 
substantial.

3. Difficult and expensive to 
validate.

4. Only response indicators, hard to 
use for prediction.

1. Addresses a wide variety of 
site-specific issues.

2. Main focus is on training and 
making sure BMP's are 
implemented.

3. Provides trends in aquatic 
ecosystem protection.

DisadvantagesAdvantages

Best Management Practices model

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

1. Thresholds that everyone agrees 
upon are difficult to establish

2. May not be very meaningful and 
could cause unnecessary logging 
constraints.

3. No field component; model 
provides indirect measures of 
aquatic ecosystem health.

4. Forest Practice Board may not 
approve model as meaningful.

5. Difficult and expensive to 
validate.

1. Inexpensive.

2. Pressure indicators have good 
predictive capability.

3. Consistent and repeatable.

4. Currently used as part of 
Watershed Assessment 
Procedures.

DisadvantagesAdvantages

GIS & Air Photo Model

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Expensive to adequately   
monitor the many 
components involved.

Low predictive capability.

Directly identifies status 
of aquatic ecosystems 
(state indicators).

Clearly provides trends 
in aquatic ecosystem 
health.

DisadvantagesAdvantages

Field Indicator Model

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Some indicators suggested by
Tschaplinski et al. 2004

1. Amount of bank erosion
2. Variability of in-stream sediment
3. Bar frequency
4. Bar Type
5. Proportion of degraded channel (CAP)
6. Channel depth variability
7. Logjam frequency
8. LWD volume
9. Substrate embeddedness

Default
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P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

Tschaplinski Indicators (con’t)

10. Fish cover types
11. Aquatic connectivity
12. Stream moss cover
13. Benthic invertebrate diversity
14. Riparian vegetation (canopy) cover
15. Bare disturbed ground
16. Deep rooted streambanks
17. Shade cover over stream
18. Streamside moss cover

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

1. Prioritizes watersheds to identify 
where more detailed information is 
required to make an assessment of 
aquatic health.

2. Corresponds with government model 
that has 3 intensities of FRPA 
effectiveness evaluation.

.

DisadvantagesAdvantages

Combined - Tiered Model

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

1. All the indicators are not 
used on every watershed.

2. Direct measures of aquatic 
ecosystem health only 
conducted in higher risk 
watersheds.

3. Certainly more complex to 
apply and monitor than a 
single indicator approach. 

3. Approach focuses spending on areas 
where the hazards to the aquatic 
health are greater. 

4. All types of indicators are included.

5. Allows for the trial of innovative 
practices

6. Provides predictive capability.

7. Meaningful approach using an 
adaptive management philosophy.

DisadvantagesAdvantages

Combined - Tiered Model (con’t)

P. Beaudry and Associates Ltd.P. Beaudry and Associates Ltd.

DISCUSSION

• What portions of the recommended framework seem 
appropriate?

• Are there components or processes that are unclear or 
don’t seem to make sense? 

• Are there alternatives that were not discussed? 

• Are there inappropriate components or links? 

•Are there indicators that you would have liked to see 
included in these frameworks

Default
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Criteria: Conservation of Soil and Water Resources 
Draft Framework 1 BMP Model 
 

Aquatic Ecosystem 
Component Addressed1 

Indicator  

 

    Measures

F   Q O H

Threshold Validation Type Effectiveness
evaluation 
level 

Percent of area managed under a 
set of predefined aquatic BMPs, 
or approved standards. 

Clearly Establish/Identify and “publish” a set 
of aquatic BMP's.  For example: 

• FRPA riparian management area 
regulations 

• Local DM policy of small stream 
management 

• FPC fish stream crossings guidebook. 
• Sediment and erosion control manual or 

handbook 
• Extent of acceptable disturbance in the 

watershed 
• Practices on landslide prone terrain 
• Silviculture guidelines for herbicides and 

fertilizers 
Measure the percentage of the total operating 

areas where these BMPs are being applied. 

X      X X X Easy to 
establish. 

 
 
 
 
An “audit” to see how 
much is being applied 
as described in the 
published BMP. 
 Response Routine

Percent of staff and contractors 
trained in appropriate 
implementation of identified 
aquatic BMPs and standards. 

Provide staff training and record course 
completion. 

X      X X X Easy to 
establish 

 
Field "audit" to see if 
trained operators are 
applying BMPs 
effectively 

Response Routine

Percent of sites that have passed 
an implementation audit of 
published BMPs 

Establish the number or percent of sites to 
audit. 

Record % of work with BMPs and standards 
implemented effectively and as prescribed. 

X      X X X Easy to 
establish 

 
Field measures/ 
monitoring to 
determine if aquatic 
BMPs are effective. 

Response Extensive

“In-stream” or “near-stream” 
measures to test if BMPs are 
actually effective.  

-Upstream/downstream of crossing turbidity 
measures  

- Appropriate sub-suite of Tschaplinski’s 
riparian extensive indicators 

- Road drainage survey 

X       X X X

 

State Intensive

                                                 
1 F = flow and timing; Q = water quality; O = organisms and H = habitat. 

Development of Aquatic Indicator Framework    P. Beaudry and Associates Ltd. 
for Slocan Forest Products Ltd.  1 Integrated Watershed Management 

 



Criteria: Conservation of Soil and Water Resources 
Draft Framework 2 GIS Model 
 

Aquatic Ecosystem 
Component 
Addressed1 

Indicator  

  

    Measures

F  Q O H

Threshold Validation Type Effectiveness
Evaluation 
Level 

Percent of watershed recently 
(20 years) burned or harvested 
(or ECA or PFI) 

Identify watershed boundaries. 
Using GIS measure forest cover by age 
and size of disturbance within a 
watershed. 

X  

  

   Easy to
establish. 

Difficult to validate. 
 
Field monitoring at landscape 
scale; requires historical 
variability for comparisons.  

Pressure Routine

Road density  Identify the length and density of roads 
within a watershed using GIS. 

X     

 

X Easy to
establish 

Difficult 
 
Landscape scale studies are 
required to find links to 
rate/timing of flows, 
sedimentation etc.  

Pressure Routine 

Percent of riparian disturbance Identify length of riparian disturbance on 
air photos using GIS or by an aerial flight 
within a watershed. 

      

 

X X X Easy to
establish 

Difficult  
 
Field measures to determine 
impacts of different types of 
riparian disturbance 

State Routine 

Stream crossing density Identify the number and density of stream 
crossings in a watershed using GIS 

      

 

X X X Easy to
establish 

Difficult  
 
Landscape scale studies are 
required. 

Pressure Routine 

Landslide density Identify the number of land-use related 
landslides reaching streams using air-
photos and recon over flights within a 
watershed. 

      

 

X X X Easy to
establish 

Difficult 
 
Field measures to determine 
impacts of landslides to 
streams. 

State Routine 

Road density on unstable 
slopes 

Measure the road density on slopes with a 
class 4 and 5 slope stability hazard rating 

        X X X Easy to
establish 

Difficult Pressure Routine

                                                 
1 F = flow and timing; Q = water quality; O = organisms and H = habitat. 
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Criteria: Conservation of Soil and Water Resources 
Draft Framework 3  Field Indicator Model – “In-stream” or “Near stream”  
 

Aquatic 
Ecosystem 
Component 
Addressed1 

Indicator  

  

    Measures

F  Q O H

Threshold Validation Type Effectiveness
evaluation level 

Sediment source hazard 
assessment (i.e. SCQI). 

Field based assessment of effectiveness 
of sediment and erosion control at 
stream crossings 

 X    

  

X X Easy to
determine. 

Easy to validate. 
 
Compare turbidity above and 
below crossings. 

State Extensive/ Intensive

Percentage of barriers to fish 
passage identified and removed.  

Field assessment (e.g., Fish passage 
culvert inspection) followed by 
rehabilitative measures. 
Record # sites successfully 
rehabilitated. 

X     

  

X X Easy Easy. 
 
Conduct FPCI’s after 
rehabilitation measures have 
been implemented.  

State Extensive

Percentage of riparian buffers 
that are effective (using 
Tschaplinski's rating to 
extensive level). 

Field measurements of buffer 
components and characteristics around 
water bodies. 

      

  

X X X Easy Difficult to validate.
 
Monitor to identify 
effectiveness of buffers. 

State Extensive

Percent area that has maintained 
natural stream drainage patterns. 

Field survey of locations of cross-
ditches, culverts, stream diversions, etc. 

X     
  

X Easy Difficult. 
 
 

State Extensive

Benthic Invertebrate Populations Field survey using a rapid 
bioassessment protocol (e.g. US EPA). 
Richness, composition, tolerance and 
tropic/habitat measures are considered 
to assess the Biological Integrity of 
Benthic Invertebrates. 
Determine suitable sample sites and set 
reference conditions. 

       

  

X X X Difficult Difficult
 
Compare benthic invertebrate 
samples to reference 
conditions set for a 
watershed. 

State Intensive

                                                 
1 F = flow and timing; Q = water quality; O = organisms and H = habitat. 
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Criteria: Conservation of Soil and Water Resources 
Draft Framework 4 Combined/Tiered Approach – compatible with Provincial FRPA Resource Evaluation Program 

Aquatic Ecosystem 
Component Addressed1 

Effectiveness 
Evaluation 

Level Indicator  

    

  Measures

F Q O H

Threshold/ 
Target Validation Type

 
• Percent of sites that have 

identified aquatic BMPs and 
standards. 

 
• Percent of field staff and 

contractors that have been 
trained in the implementation 
of BMPs 

1) Establish and publish a clear set of 
aquatic BMPs 

2) Measure the percentage of the total 
operating areas where these BMPs are 
being applied. 

3) Measure the percentage of all of the 
relevant field staff that have been 
trained for BMPs. 

X    X X X

• 100% of 
operating area 
has well 
defined 
aquatic BMPs 

• 100% of staff 
have been 
trained in 
BMPs 

See bottom row. Response Routine 

• Percent disturbance (or ECA or 
PFI) 

• Stream crossing density 
• Percent lakes accessible by road 
• Percent small steams located 

within a cutblock or on an edge 

1) Identify watershed boundaries. 
2) Using GIS measure the indicators. 
3) If any of the indicators at this level 
exceed the threshold then proceed with the 
relevant extensive level indicator. 

X    X X X

ECA= 25% 
 
SCDI = 0.4/km2 
 
Lakes and small 
streams to be 
established 

See bottom row Pressure Routine 

• % of BMPs that are being 
applied as described or 
prescribed (may already be 
covered by EMS functions) 

 

Implementation survey of BMPs (audit 
procedure) e.g.: 
1) Erosion and sediment control (e.g. 

SCQI) 
2) Riparian survey 
3) Landscape drainage survey 

X    X X X

• 100% of audited 
practices are 
being 
implemented 
according to 
published BMPs.  

See bottom row Response Routine/ 
Extensive 

• % of well applied BMPs that are 
effective in maintaining aquatic 

health 

-Upstream/downstream of crossing 
turbidity measures  

- Appropriate sub-suite of Tschaplinski’s 
riparian extensive indicators 

- Road drainage survey 

X    X X X

100% of BMPs are 
effective at 
maintaining 
aquatic health, if 
not redesign BMP 
(i.e. adaptive 
management) 

These are validation 
measures, they are 
expensive and time 
consuming. Long 
term commitment is 
required 

State Extensive/ 
Intensive 

 

                                                 
1 F = flow and timing; Q = water quality; O = organisms and H = habitat. 



Criteria: Conservation of Soil and Water Resources 
Advantages and Disadvantages of each model 
 
Model   Advantages Disadvantages
BMP model 1) Addresses a wide variety of site-specific issues. 

2) Main focus is on training and making sure BMP's 
are implemented. 

3) Provides trends in aquatic ecosystem protection. 

1) May take time to establish a well accepted clearly 
defined set of BMP's. 

2) Cost of auditing could be substantial. 
3) Difficult and expensive to validate. 
4) Only response indicators, hard to use for prediction. 

GIS model 1) Inexpensive. 
2) Pressure indicators have good predictive 

capability. 
3) Consistent and repeatable. 
4) Currently used as part of Watershed Assessment 

Procedures. 

5) Thresholds that everyone agrees upon are difficult to 
establish 

6) May not be very meaningful and could cause 
unnecessary logging constraints. 

7) No field component; model provides indirect 
measures of aquatic ecosystem health. 

8) Forest Practice Board may not approve model as 
meaningful. 

9) Difficult and expensive to validate. 
Field indicator model 1) Directly identifies status of aquatic ecosystems 

(state indicators). 
2) Clearly provides trends in aquatic ecosystem 

health. 

1) Expensive to adequately monitor the many 
components involved. 

2) Low predictive capability. 

Combined/Tiered model 1) Prioritizes watersheds to identify where more 
detailed information is required to make an 
assessment of aquatic health. 

2) Corresponds with government direction for 3 
levels of FRPA effectiveness evaluation. 

3) Approach focuses spending on areas where the 
hazards to the aquatic health are greater.  

4) All types of indicators are included. 
5) Allows for the trial of innovative practices 
6) Provides predictive capability. 
7) Meaningful approach using an adaptive 

management philosophy. 

1) All the indicators are not used on every watershed. 
2) Direct measures of aquatic ecosystem health only 

conducted in higher risk watersheds. 
3) Certainly more complex to apply and monitor than a 

single indicator approach.  
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Glossary 
 

Effectiveness Evaluation: - An assessment of whether policies or practices meet their desired 
objectives based on evidence of their outcome(s).  Effectiveness evaluations are used to determine 
whether the plans or practices being implemented are actually meeting the anticipated outcomes.  
Effectiveness evaluations assess common operational activities, often using some comparison with 
a target that helps define effectiveness. 

Extensive Evaluations: – Extensive evaluations generally include categorical data collection (rapid 
collection of quantitative data).  Extensive evaluations generally include the collection of 
categorical data by visual estimation of specified indicators at randomly selected sites. 

Indicator: - A measurable attribute or component of a resource value that can provide reliable 
information on the sustainability (or state) of that value. 

Intensive Evaluations: – Intensive evaluations involve quantitative data collection and analysis 
with comparison to controls.  In intensive evaluations, the data are quantitative and consequently 
variables can be analyzed and comparisons can be made between data sets.  In addition, 
comparisons can be made to established standards to provide a measure of effectiveness.  Intensive 
evaluation sites can also be set up to use as monitoring sites, where trends are measured over a 
number of years. 

Preferred qualities of an SFM indicator 
• Measurable and quantifiable - indicator can be described numerically and objectively. 
• Cost effective 
• Clear scientific basis (valid) - supported by scientific research. 
• Transparent methodology (understandable) - monitoring/ application of the indicator is 

understandable. 
• Reasonable threshold can be developed - existing data are available or there are feasible 

approaches to collect necessary data 
• Represents a true potential impact (relevant) - the indicator will respond to forestry 

activities in Interior BC. 
• Can be used in strategic/development plans (forecasting) - results from the monitoring can 

be used to predict future changes in the aquatic environment; L. Reid - must respond 
quickly enough to provide results in the time-frame desired. 

Pressure Indicator - represents the level of a pressure or stress, (or multiple pressures) which 
affect a value of interest. 

Response Indicator - indicates the level of human action taken to reduce the pressure or impact on 
a value of interest. 

Routine Evaluations: – Low intensity overview evaluations (lower rigour as compared to extensive 
and intensive evaluations) that use indicators that can be obtained at most sites (relatively simple 
qualitative measures, such as visual estimates and yes/no answers).  Rating levels are described prior to 
field assessment to ensure consistency in rating of observations and information collected.  These are 
used to provide a snapshot in time. 

State Indicator - describes the current condition of a resource. 

Validation Evaluation - Validation evaluations are primarily a research tool with which to examine 
the basic scientific understanding of the cause and effect relationship between an ecological system 
and management actions.  It refers to testing of hypotheses that pertain to our level of understanding 
of how or why a system responds to a disturbance or treatment.  The purpose of validation 
evaluations is to verify the basic assumptions upon which forest management activities are based.   
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