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Introduction 
 
There is a demand for ecosystem based sustainability indicators to support decisions aimed at 
protecting aquatic resources, especially for the forest industry. This demand is based on the 
recognition of the need to improve water quality and protect aquatic ecosystems. To date, no 
such indicators exist that are integrated into operational or planning level decision making 
systems in BC. This project has been designed to assist in filling this gap. Since this is a first 
attempt to create an indicator based on the principles of adaptive management, extension of 
project results to the intended users such as forest managers and other land and water use 
decision makers is critical. The general objectives of the extension efforts described in this plan 
are to increase the knowledge of the target audience that aquatic indicator tools are needed and 
that such a tool has been developed, and that it may improve the performance of the task at hand. 
In addition, as with all tools, recognition of when to use it, and what its strengths and weaknesses 
are is essential. It is hoped that once this tool has gained a foothold among those who may use it, 
it will gain wider acceptance and use through demonstration and the promotion of the benefits of 
its use. This may lead to support for the development of other similar tools.  

Project Description 
The objective of the 3 year “Benthic Macroinvertebrate Sustainability Indicator Development 
Project”, is to develop a workable benthic macroinvertebrate monitoring and assessment system 
(sustainability indicator), primarily for use in wadeable streams. This project is supported by the 
Forest Sciences Projects (FSP) component of the BC Forest Investment Account (FIA), 3 BC 
forest industry licensees, the BC Ministries of Forests, Sustainable Resource Management, and 
Water Land and Air Protection, and Environment Canada. The monitoring and assessment 
system derived will rely on benthic macroinvertebrate taxonomic assemblage information as a 
stream health sustainability indicator.  Benthic macroinvertebrate communities are well suited 
for this purpose, as they are not highly mobile, are found in all streams, are sensitive to land and 
water use disturbances at “site”, “reach” and “watershed” levels, are amenable to sampling and 
analysis and are integrative of physical and chemical disturbance processes over periods of up to 
2 or 3 years. 
 
The biological sustainability indicator system which is entering the 2nd of 3 years of development 
will integrate into adaptive management decision making processes such as sustainable forest 
management plans, Land and Resource Management Plans and forest product certification 
efforts.  It will also be used in point source discharge regulation and non-point source pollution 
abatement and remediation efforts by governments.   
 
Development and use of the indicator relies on several key steps. The first step involves 
landscape level prioritization and selection of sites in watersheds. The goal is to identify and 
characterize watersheds (and stream sites within them) where there is minimal disturbance and 
where forest harvesting and other land and water use are increasing in intensity. This is 



accomplished by using disturbance measurements such as road density, % of area disturbed by 
logging, agriculture and urbanization and number of stream crossings. A combination of GIS 
mapping and analysis tools and local knowledge are used for this purpose. This prioritization is 
especially important at the outset of the project, but relies on periodic review and revision to 
ensure that evolving natural conditions and land use patterns are captured within the system.  
 
The second step is to produce models of how benthic macroinvertebrate assemblages at sites 
representing the range of reference and disturbance conditions vary with landscape 
characteristics and land use disturbance gradients.  This requires field work to sample and 
characterize biological and physical (hydro-geomorphic) and chemical conditions at “site” and 
“stream reach” levels, and GIS analysis and mapping of watershed wide conditions. Multivariate 
modelling and graphical techniques are used to determine and represent how benthic 
communities vary with the range of reference and disturbance conditions.  
 
The third step focuses on the development of an operational monitoring and assessment system 
in which the ongoing effects of land and water uses on benthic assemblages are measured as a 
sustainability indicator for stream health. This includes the integration of the assessment 
information into evolving adaptive management decision making systems.  
 
Once developed, this sustainability indicator system relies on yearly updating of the reference 
condition dataset so that existing and newly chosen disturbed site conditions can be compared to 
evolving reference conditions. The end result is a monitoring and assessment system in which 
disturbed sites are sampled and assessed relative to reference conditions on a rotational basis 
(every few years or sooner as results dictate), to determine which, if any sites need further 
protective or mitigative management. The number of sites sampled and assessed in any given 
year can be scaled to the financial resources available, and/or to the severity of effects found. 
 
While the 3 steps are occurring, an extension program provides the means to increase awareness 
of the tool and its application to adaptive management of land and water, with emphasis on forest 
harvesting. As awareness of the benefits of such an indictor grows, motivation to cause the 
integration indicator into decision making will occur. This will be fostered setting up case study 
examples. Documentation of these examples will then be used as reinforcement of the benefits of 
the system in the broader context of adaptive management of forest and other land and water 
resources.   
 

Extension Plan 
This extension plan provides the means by which developing biomonitoring science and decision 
support processes will be integrated into adaptive management. The extension plan is ongoing 
throughout the 3 year research and development project, relying on the research team and their 
respective organizations for delivery. It will follow a stepwise process: 

•  Expose adaptive management decision makers to the system as it is being developed. 
•  Engage some of these decision makers in testing the indicator and improving it for the 

intended purpose. 
•  Develop venues to increase awareness of the tool and its use among the broader target 

group. 



•  Use case study examples and demonstrations of the tool’s use in adaptive management 
decision making to promote its use. 

 
The overall long-term goal of this project and the extension efforts associated with it is improved 
water quality and protection/maintenance of aquatic ecosystems. The short-term learning 
outcomes of the extension plan are;  

1. Increased knowledge of Benthic Macroinvertebrate bio-indicators, how they can be 
assessed and how assessment results can be used/applied in support of Sustainable Forest 
Management. 

2. Increased knowledge of the impacts of forest harvesting and other management activities 
on streams as measured by specific bio-indicators. 

3. Increased skills in the use of Benthic Macro-invertebrate bio-indicators (how to properly 
collect the data). 

4. Increased skill in the interpretation of Benthic macro-invertebrate bio-indicator 
assessments in the context of Sustainable Forest Management. 

5. Increased belief that more effort needs to be put into bio-indicator science. 
6. Increased belief that bio-indicators will tell us what we need to know about maintaining 

aquatic ecosystems. 
 
Extension efforts will need to continue beyond the life of the 3 year project, focussing on 
expansion of the tool’s use, measuring the success of efforts to integrate its use in decision 
making, and ultimately demonstrating how it contributes to the goal of improving water quality 
and stream ecosystem protection. 
 
Target Audience 
 
The target audiences for the extension efforts are summarized in the following table 
 
Audience Description 
Primary audience  
Natural Resource Managers Natural resource managers from industry and government who 

… 
Biologists Biologists from industry, government and the consulting 

community who have expertise in the area of stream and water 
quality assessments and bio-indicators. 

Field Contractors Contractors who conduct bio-indicator surveys and have 
expertise/skills in the area of stream assessments 

Policy makers From industry and government, staff who make decisions 
regarding …. 

Secondary audience  
Researchers Researchers interested in aquatic ecosystem health and  

bioindicators 
 



Logic Model 
A logic model has been developed and used to provide the framework for designing extension 
efforts.  Working backwards from the desired long term outcome of “improved water quality and 
protection of aquatic ecosystems”, the logic model includes interim medium and short term 
outcomes of learning (increased knowledge of the science and impact management) and action 
(increased use of biomonitoring), achieved through specific project related activities (Appendix 
1). These extension activities will employ the scientific inputs over a three year period, to 
motivate the target audience (natural resource managers) to incorporate the benthic 
macroinvertebrate sustainability indicator in adaptive management decisions.  The motivation 
will be created through the use of publications, training workshops and case study examples. 
 
Sustainability indicators are designed to provide the feedback mechanism in adaptive 
management. Land use is planned and executed in such a way as to protect a range of values, 
including stream ecosystems. Specific land use practices are chosen for their protective 
attributes.  After a period of activity, the degree to which these practices have met the goal of 
protection is evaluated.  When and if the evaluation demonstrates that harm has occurred, then 
the practice is modified to prevent further harm.  Mitigative measures may also be added to 
rectify the harm.  Provided that the scientific basis of the sustainability indicator is adequate, the 
key to making this adaptive management feedback mechanism work is to ensure that there is a 
demonstrated feasible means to link the measurements to decisions.  If we think of the project as 
providing the adequate science, the link to land use management decisions, and then following 
through on the demonstration of feasibility, we have the starting point for an extension process 
logic model.  Table 1 begins with the inputs of resources, data and policy to generate activities 
which engage the intended audiences who are involved in adaptive management.  The 
consequences of focussing the activities on the intended audience are learning and action.   



Table 1    Benthic Macro-invertebrate Monitoring and Assessment System Development 
Extension Logic Model 

 
INPUTS   OUTPUTS   OUTCOMES - IMPACTS  

 
 

 Activities Participation  Short – Term 
(Learning) 

Medium – Term 
(Action) 

Long – Term 
(Condition) 

 
 

       

$ 
FTE’s, 
Consulting services, 
Volunteers, 
In-Kind contributions, 
Project partners, 
Facilities, 
Equipment, 
Supplies, - Environment  
data, Decision making 
data, 
Monitoring & reporting 
policy,  
Land use policy,  
Land use planning policy,  
Land use plan outputs 
 

 Further biological / 
geoscience research 
Annual provincial 
biomonitoring workshop 
Discussion groups 
Project reports 
Extension notes 
Web site 
Decision making training 
workshops 
Case study field tours 
Case study reports 
 

Natural resource 
managers (government 
and industry) 
Biologists from consulting, 
government & industry  
Researchers 

 •  Increased knowledge of 
Benthic Macro-invertebrate 
bio-indicators, how they can 
be assessed and how the 
assessment results can be 
used/applied in support of 
Sustainable Forest 
Management. 

•  Increased knowledge of the 
impacts of forest harvesting 
and other management 
activities on streams as 
measured by specific bio-
indicators. 

 
As above 

 Further biological / 
geoscience research 
Regional Monitoring / 
Assessment training 
workshops 
Development and approval of 
RISC standard protocols 

Biologists from consulting, 
government & industry  
Field contractors 

 •  Increased skills in the use of 
Benthic Macro-invertebrate 
bio-indicators (how to 
properly collect the data)  

 

 
As above 
 

 Regional Monitoring/ 
Assessment training 
workshops 
Case Study Field Tours 
Discussion groups 

Biologists from consulting, 
government & industry  

 •  Increased skill in the 
interpretation Benthic Macro-
invertebrate bio-indicator 
assessments in context of 
sustainable forest 
management 

•  Increased use of benthic 
invertebrate bio-indicators 
and the results in the 
assessment of 
management options (e.g. 
forestry and agriculture).  

 

 
As above 
 
 

 Reports 
Extension Notes 
Case Study Field Tours 
 

Government and industry 
policy makers 
Researchers 

 •  Increased belief that more 
effort needs to be put into 
bio-indicator science. 

•  Increased support for bio-
indicator science and 
development. 

 
As above 
 
 

 Further biological / 
geoscience research 
Reports 
Extension notes 
Case study reports 
SOE. reports 

All above participants  •  Increased belief that bio-
indicators will tell us what we 
need to know about 
maintaining aquatic 
ecosystems. 

•  Continued improvement of 
management standards 
relating to water quality 
based on new information 
from bio-indicator 
assessments. 

Improved water 
quality and 
protection/ 
maintenance of 
aquatic 
ecosystems. 



Over the short and medium terms (3 years), the learning outcomes and actions outlined in Table 
1 will increase knowledge of the bio-indicator and its use in adaptive management decision 
making.  Tools to achieve this will include: 
 

•  Further scientific and adaptive management research  
-  This will be ongoing over the course of the  3 year project. Researchers from the 

 US and Australia will be involved at design, field work, data analysis and 
 reporting phases for the duration of the 3 year project.  Their insights as to how 
 to fine tune extension efforts will be sought and used.  
 
•  Reports of various types and formats including peer reviewed articles, government 

reports.  
-  Annual deliverables reports are required by March 31 of each year. They will be 
  used as an extension tool for others working on improving sustainability 

indicators. These reports will be reviewed widely by: 
  scientists and resource managers, which will increase awareness and stimulate 
  dialogue among the target audience.  

- Academic partners will author peer reviewed journal articles in year 3 to inform 
  other researchers of project results, stimulating ongoing collaboration and fine 
  tuning of extension efforts. 

-  Extension notes will be published in years 2 and 3. Possible vehicles include the 
  BC Journal of Ecosystems and Management (JEM) or Streamline. They will 

 reach BC forest managers, increasing knowledge about Benthic Macro-
invertebrates and their use as bioindicators of aquatic ecosystem health. 

-  MOF Research Note publications in years 2 and 3 will reach forest industry 
 scientists, increasing knowledge about Benthic Macro-invertebrates and their 

use as bioindicators of aquatic ecosystem health. 
  

•  Provincial and regional scale workshops,  
-  A May 10, 11 2005 provincial bio-monitoring workshop is planned. It includes 

 policy making and technical sessions.  This will be repeated in the following 2 
 years. 
-  Regional classroom and field workshops will be conducted in years 2 and 3. 
 Field workshops will coincide with sampling which occurs in late August and 
 September. 
- Opportunities will also be explored to make presentations on the results of the 
 project at other workshops and meetings as appropriate.  
 

•  Web database management and biomonitoring guidelines as learning tools. 
- The Environment Canada CABIN database management system is in use. 

  Annual CABIN user training is part of Environment Canada agenda. 
-  Biomonitoring guidelines will be part of the year 3 final report. These 
    guidelines will be available on a provincial government website. 
 

•  BC Resource Inventory Science Committee (RISC) biomonitoring protocols. 
-  RISC standards protocol development is part of the project.  Final project  



   report will include draft standards for review and approval by RISC.  
-  Once developed, RISC standard protocols will be used as requirements for  
   biomonitoring projects. 

 
In the long term (year 3 and beyond), sustainability indicator monitoring and assessment 
information will determine whether the goal of improved water quality and aquatic ecosystem 
protection is met.  This information will be the subject of additional reporting (as above), and 
will be discussed at ongoing workshops aimed at improving extension into the hands of the 
intended forest and other land and water use managers.  Guidelines for the development and 
wide spread use of this tool as well as protocols for landscape and land use 
characterization, sampling and data analysis will be featured in these publications and as 
provincial RISC standards.  Continued collaboration with environment Canada on the 
development and use of the CABIN database management system, and training in its use 
will support long term extension goals.  
 



Appendix 1: Logic Model Flowchart for Benthic Macro-invertebrate Sustainability Indicator Development 
Project. 

 

Improved water quality and protection/maintenance of aquatic ecosystems

Outcome Stmt.Process Stmt. Activity
January 20, 2005

A1. Increased belief that 
more effort needs to be put 
into bio-indicator science

Increased use of Benthic macro-invertebrates and the results in the assessment of management 
options (e.g. forestry and agriculture)

Case Study Field Tours Training sessions/ Workshops Reports Web Sites News/Discussion Groups

Increase in case study 
material for use by SFM 

practitioners

Figure 1. Benthic Macro-invertebrates Bio-indicator Project Logic Model

K2. Increased knowledge of impacts of forest 
harvesting and other operations on streams as 

measured by specific bio-indicators

Extension Notes

K1. Increased knowledge of bio-
indicators and their value in 

Sustainable Forest Management

Information

S1. Increased skills in the use 
of bio-indicators (how to 

collect the data)

S2. Increased skills in the interpretation 
of the results of bio-indicator 

assessments in the context of SFM

A2. Increased belief that bio-indicators 
will tell us what we need to know about 

maintaining aquatic ecosystems

Continued improvement of management standards relating to water 
quality based on new information from bio-indicator assessments.


