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Summary 
 
This report presents the work completed to date on a suite of physical and biological 
indicators that, collectively, should provide an accurate appraisal of the overall health of 
riparian and stream habitats adjacent to logged areas. The approach taken to assessing the 
effectiveness of different riparian management strategies is a blend of the “Montana” 
method as modified by the Forest Practices Board (2002) and the MOF checklist 
approach to assessing Properly Functioning Condition for streams.  The intent was to try 
and capitalize on the best features of each method. 
 
This report presents the rationale, measurement criteria, field procedures and scoring for 
25 indicators of stream and riparian health or functioning condition.  Sixteen of the 
indicators were accepted at an experts workshop as valid indicators.  Examples included 
eroding banks, bar frequency, number of pools, fish cover diversity, benthic invertebrate 
diversity, vegetative cover, bare ground, deep-rooted streambanks, substrate 
embeddedness, and shade.  Nine other indicators were considered provisional indicators 
still in need of some refinement.  Typically the latter included some threshold values that 
realistically reflected different levels of riparian health or Properly Functioning 
Condition.  Examples included LWD supply and sediment variability, fish abundance, 
plant vigor, wind throw, forest connectivity, and similarity to the desired plant 
community. 
 
Overview and routine evaluation procedures based on the above indicators are provided 
in this report to help professionals use the indicators in a systematic, repeatable, objective 
and cost-effective manner.  The evaluations are intended to be site-specific and/or reach 
specific.  They are therefore stand-level evaluations as opposed to watershed scale 
evaluations, though clearly some of the indicators are useful at both levels.   
 
The indicators and field procedures presented here now need to be tested, and then 
refined, dropping some indicators and adding new ones depending on the results of the 
testing.  The provisional indicators especially warrant a closer look in view of the 
frequency it was felt the information represented by these indicators was needed to 
complete the routine evaluations.  Testing the validity and usefulness of the procedures 
remains an ongoing process. 
 
Testing and refining the routine evaluations to ensure their objectivity and repeatability 
should be continued.  The sites sampled in this report in TFL 37 in particular should be 
revisited and routinely evaluated by one-two independent teams without any prior 
knowledge of past assessments, to assess the objectivity and repeatability of the 
evaluations.  The results of the routine evaluations at the above sites should also be 
compared with independent expert opinions on functioning condition to assess or refine 
the scoring as required.   
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Introduction 

The Forest Practices Code (FPC) of BC governed how logging and range use was to be 
practised in BC from 1995 to 2004.  Highly prescriptive in nature, the FPC included a 
large and complex body of regulations and guidebooks that directed in detail all aspects 
of logging and range use from planning to road building to harvesting and grazing to 
silviculture.  The FPC has been rewritten and renamed the Forest and Range Practices 
Act (FRPA).  Much of the legal requirements of the FPC are intact in the new FRPA, 
however, greater emphasis is now placed on achieving desired results as opposed to 
achieving compliance with the legislation.  Compliance with the legislation was assumed 
to assure a desired result, though this assumption was rarely tested.  The challenge now is 
to determine if the desired results are being achieved, and thus what the effectiveness of 
different management strategies is toward achieving the results. 

In early 2003, a Riparian Task Force (RTF) was created to develop procedures for 
evaluating the effectiveness of different riparian management strategies or treatments.  
Spearheaded primarily by the Research Branch of the Ministry of Forests (MOF), it 
included representatives from the BC Forest Practices Board (FPB), the Ministry of 
Water Land and Air Protection (MWLAP), the Ministry of Sustainable Resource 
Management (MSRM), academia and private consultants.  Funding for the work was 
primarily through the MOF Research Branch and the BC Forest Investment Account.  
Though there are many different types of aquatic habitat, and many different activities 
that can affect the riparian areas of these habitats, for now the emphasis is on the riparian 
habitats along streams and the impacts that forest harvesting has on these habitats.  There 
is, however, no compelling reason why, with minor adjustments, the methods could not 
eventually also be used to assess other aquatic habitats (wetlands and lakes) or other 
activities such as range practices or urban development or mining. 

This report presents the work completed to date on 16-25 indicators that, collectively, 
should provide a good appraisal of the relative health of riparian and stream habitats 
adjacent to logged areas.  Overview and routine evaluation procedures based on the 
above indicators are also provided to help professionals use the indicators in a systematic, 
repeatable, objective and cost-effective manner.  The evaluations are intended to be site-
specific and/or reach specific.  They are therefore stand-level evaluations as opposed to 
watershed scale evaluations, though clearly some of the indicators are useful at both 
levels.  Testing the validity and usefulness of the procedures remains an ongoing process.  

Properly Functioning Condition 

As a measure of overall riparian health, Properly Functioning Condition (PFC) is a 
concept that has not been used much in forest harvest planning in BC, but it is a widely 
accepted concept in range planning and range use.  In the FPC Riparian Management 
Area Guidebook (Anon. 1995), it says that Properly Functioning Condition of riparian 
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habitats will be maintained if the impacts of development on the attributes of the riparian 
areas are: 

1) on average, small or within the range of natural variability of the habitat, and  

2) are large and beyond the range of natural variability in no more than a small 
portion of the habitat. 

The key underlying assumption is that if the range of impacts attributable to the 
management activity that affects the riparian habitat lies “within the range of natural 
variability over most of the habitat, it is likely that the natural ecological functions of the 
habitat will be maintained”. 

Proper Functioning Condition as it was defined in the Forest Practices Code of BC is the 
ability of a stream, river, wetland or lake and its riparian area to  

a) withstand normal peak flood events without experiencing accelerated soil loss, 
channel movement or bank movement,  

b) filter runoff, and  

c) store and safely release water.   

The above definition is expanded here to include the need for fish habitat in streams and 
riparian areas to be fully connected so that fish habitat is not lost or isolated as a result of 
some management activity.  The ability of the riparian habitat to maintain an adequate 
root network or LWD supply, and to provide shade and reduce bank microclimate change 
is also included in the definition of Proper Functioning Condition.  This is in keeping 
with recommended Best Management Practices for logging by different stream types in 
the Forest Practices Code Riparian Management Area Guidebook.  Wildlife habitats are 
another characteristic of Proper Functioning riparian areas that should be maintained, 
though assessing wildlife habitat or wildlife use is not a focus or objective of the present 
riparian effectiveness evaluation indicators.  

Assessing Properly Functioning Condition 

The approach taken here in assessing PFC as defined here relies heavily on two other 
methods that have been used to assess PFC in British Columbia.  Both methods were 
developed primarily to assess PFC in relation to range practices.  The first method is the 
series of checklists that were developed by the Ministry of Forests to assess Proper 
Functioning Conditions around streams, wetlands and lakes.  The second method is a set 
of attributes that are scored according to their frequency of occurrence in the riparian 
habitat.  The latter method is referred to as the “Montana“ method where it was largely 
developed. 

The MOF checklists for PFC on streams is a list of eighteen questions that require a 
“yes”, “no” or “not applicable” answer.  The statements are broad and fairly general.  
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Little guidance on what might be normal stream or riparian condition for a region, or 
what the range of natural variation within or between regions might be is provided, 
though in most cases there would be little difficulty in achieving consensus by 
experienced professionals.  The “yes” and “no” answers are totalled up, and achievement 
of Proper Functioning Condition decided based on the percentage of “yes” or “no” 
answers.  If 80% or more of the answers are “yes”, then the stream and riparian area are 
assumed to be in Proper Functioning Condition.  If fewer than 20% of the answers are 
“yes’, then the stream and riparian area is considered to be non-functioning.  If more than 
20% but less than 80% of the answers are “yes” than PFC is considered to be still 
functioning, though at risk or at high risk depending on the score. 

Because the MOF method depends mainly on professional judgement, the method is not 
easily used by people with little experience in aquatic biology, stream dynamics, fluvial 
geomorphology, or woody debris processes.  The strength in the method lies with the use 
of general statements that can generally be regarded as scientifically based truisms or 
accurate indicators of Proper Functioning Condition where specific data on known 
natural variation is lacking.  No specific measurements are needed with the approach.  In 
fact it is recommended that the stream reach or upland areas be traversed before 
completing a checklist in order to get an overall impression of the area.  Walking through 
nearby areas that have not obviously been impacted by any management activity is 
especially recommended because these areas then serve as benchmark or control areas 
that conditions in the “treated” areas can be compared to.  With a conservative 
interpretation of the statements on the MOF checklists, it would be rare for experienced 
professionals to arrive at widely disparate conclusions for homogeneous areas.   

The second main method used in BC to assess Proper Functioning Condition was the 
“Montana” method, which was co-developed by the University of Montana and the U.S. 
Bureau of Land Management (Hansen et. al. 2000).  Compared to the MOF checklists, 
the Montana method is a more quantitative method that was developed to assess the 
impacts of range use on riparian habitats in the western USA.  The “Montana” method 
was used by the Forest Practices Board in 2001 to assess range practices in four Forest 
Districts of southern-central BC (FPB 2002).  With the Montana method, ten different 
stream and riparian attributes (e.g. eroded banks, vegetative cover, bare ground) are 
systematically inspected during a walk through the riparian area and assigned a value 
ranging from 0 to 3 based on what percentage category best described the attribute.  The 
latter were derived from thousands of observations on streams deemed to be at various 
levels of PFC in the western USA.  The scores therefore incorporated an expected range 
of natural variability typical of that region.   

Total score for the riparian and stream area inspected (usually a 100m) is the sum of the 
scores of the individual attributes.  Total score is then used to estimate overall 
achievement of PFC. In the FPB report, sites that scored less than 60% of the maximum 
total score were considered non functioning, while sites with scores of 60 to 80% were 
considered functional, but at risk.  Areas with scores greater than 80% were considered to 
be in proper functioning condition.  Comparison of the Montana method and the MOF 
checklists in the same investigation produced comparable results, though the MOF 
checklists tended to be more conservative than the Montana method.  Significant negative 
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changes to the riparian habitats were needed before the habitat was deemed to be non-
functioning using the MOF checklists.  

Indicator Selection and Development 

The approach taken here to assessing the effectiveness of different riparian management 
strategies is a blend of the Montana method as modified by the Forest Practices Board 
(2002) and the MOF checklist approach to assessing PFC for streams.  The intent was to 
try and capitalize on the best features of each method.  The first step in the development 
of an assessment method was to compile a list of indicators used or inferred by each 
method, plus other indicators from other sources (e.g. Binns and Eiserman 1979).  The 
latter included mainly other indices of biotic integrity for aquatic ecosystems, plus a long 
term series of studies on the physical attributes of logged and unlogged stream channels 
in BC by Hogan (1989), Hogan et. al. (1998) and Bird (2003).  A recently completed 
analysis of this channel data is provided as Appendix 1.  Other sources consulted for 
indicators included the FPC Riparian Management Area Guidebook (Anon. 1995), the 
Community Watershed Guidebook (Anon. 1996), the Biodiversity Guidebook (Anon. 
1995) and the Landscape Unit Planning Guidebook (Anon.1999).  

A total of some 60 odd indicators was produced after a review of the above information.  
This list was eventually condensed to approximately 30 indicators because they were 
either (1) considered redundant with others (e.g., sheared banks, unstable banks, well-
rooted banks), (2) not directly applicable to the restricted focus of forestry effects on fish 
and aquatic values (e.g., similarity to natural forest structure, number of wildlife signs, 
wildlife sightings, wildlife tree attributes), (3) unfeasible or impractical (e.g., water 
quality, terrestrial invertebrate diversity, or (4) recommended for intensive monitoring, 
range-use investigations, or assessments at the landscape level. 

A preliminary description of each indicator, the rationale for its use, the field procedures 
to be used and a tentative scoring scheme was prepared for each indicator.  This 
information was then tabled for discussion at an experts workshop held on 21 July 2003. 
Guidance was also solicited on the field procedures and scoring for each indicator and 
how the results could be rolled up for an overall assessment of riparian effectiveness or 
Proper Functioning Condition.  Participants included representatives from four provincial 
agencies (Ministry of Forests, Ministry of Water, Land and Air Protection, Ministry of 
Sustainable Resource Management, the Forest Practices Board), the Department of 
Fisheries and Oceans Canada, the University of British Columbia, and private 
consultants.   

The Indicators 

Participants in the workshop accepted a total of 16 indicators for use in Riparian 
Effectiveness Evaluations.  These indicators are summarized in Table 1 with the 
measuring criteria and suggested threshold values for each level of Functioning 
Condition (proper functioning, functioning at risk, functioning at high risk, and non-
functioning).  More specific explanations of each indicator are provided in Appendix 2, 
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together with the rationale for the use of the indicator, field procedures and derivation of 
the threshold values for determining functioning condition.
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Table 1.   Accepted indicators and recommended threshold values for different levels of Proper Functioning Condition, by 
physiographic region, biogeoclimatic zone and channel type. 

     Functioning Condition 
Indicator Measure Physiographic 

region 
BEC zone 

productivity 
Channel type Proper At risk At high risk Non 

functional 
         
Bank erosion % of survey points with eroded bank All High or Low All <73 73-84 84-94 >94 
Bar frequency % of survey points with a gravel bar All High Pool-riffle <73 73-90 91-98 >98 

“ “ “ “ Step-pool <48 48-60 61-78 >78 
“ “ “ Low Pool-riffle <46 47-54 55-66 >66 
“ “ “ “ Step-pool <65 66-74 75-84 >84 

Bar stability % of survey points with unstable bars Mountains High or Low All <31 32-36 37-46 >46 
“ “ Plateaus “ “ <23 24-28 29-38 >38 

Bed scour % of survey points with bed scour Mountain High Pool-riffle <13 14-18 19-28 >28 
“ “ “ “ Step-pool <19 20-24 25-34 >34 
“ “ “ Low Pool-riffle <13 14-18 19-28 >28 
“ “ “ “ Step-pool <11 12-14 15-22 >22 
“ “ Plateau High Pool-riffle <7 8-10 11-16 >16 
“ “ “ “ Step-pool <13 14-16 17-24 >24 
“ “ “ Low Pool-riffle <9 10-11 12-16 >16 
“ “ “ “ Step-pool <7 8-9 10-12 >12 

Channel 
depth 
variability 

Number of pools in 50 Wb All High or Low All >7 6-7 3-5 <3 

Log jam 
frequency 

Number of log jams in 50 Wb Mountains High or Low All 3-6 2, 7-8 1, 9-11 0, >11 

“ “ Plateaus “ “ 2-3 1, 4 0, 5-6 >6 
Woody debris 
load 

% of survey points with woody debris All High All 16-26 14, 28-32 10-12, 34-40 <10, >40 

“ “ “ Low “ 26-42 18-24, 44-52 10-16, 54-66 <10, >66 
Streambed 
moss 

Abundance category All High or Low All Frequent Occasional Little Lacking 

Substrate 
embeddedness 

Average number “Yes” answers to 
four questions 

“ “ “ 4 3 2 <2 

Benthic 
invertebrate 
diversity 

Number of taxa identifiable “ “ “ >7 6-7 3-5 <3 

Fish cover Number of types present “ “ “ >3 3 2 <2 
Connectivity Presence of barriers “ “ “ None Partial, 

seasonal 
Partial, 
annual 

Complete, 
anytime 
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     Functioning Condition 
Indicator Measure Physiographic 

region 
BEC zone 

productivity 
Channel type Proper At risk At high risk Non 

functional 
Deep rooted 
streambanks 

% of banks with deep rooted 
vegetation 

“ “ “ >85 66-85 35-65 <35 

         
Bare ground % bare ground “ “ “ <1 1-5 6-10 >10 
Vegetative 
cover 

% of ground vegetated or covered by 
the canopy 

“ “ “ >95 86-95 75-85 <75 

Shade cover % of direct sunlight blocked “ “ “ >95 86-95 75-85 <75 
         
Score per 
indicator 

    3 2 1 0 
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Nine additional indicators were not recommended as extensive indicators for several 
reasons, but are retained here as provisional indicators for possible use in other 
circumstances (Table 2, see also Appendix 3).  This could include sites where a more 
intensive study is warranted and information on fish abundance, or periphyton biomass, 
community structure and composition is needed.  It could also include range or wildlife 
habitat evaluations where information on plant vigor or similarity to the desired or natural 
plant community is needed.  Some of the indicators are more appropriate for landscape 
level evaluations (e.g. riparian connectivity).  Others (e.g. wind throw, LWD supply, 
sediment variability) are useful as supporting information for other accepted indicators to 
establish cause and effect if any impacts are present. 

Table 2.   List of other possible indicators with various possible scoring methods for 
evaluating Properly Functioning Condition. 

  Functioning Condition 
Indicator Measure Proper At risk At high 

risk 
Non 

functioning 
      
LWD supply (1) with reserves, width of reserve 

zone in meters 
(2) with management zones only, % 

of retention recommended in 
RMAG BMPs 

>10 
 

>75 

4-10 
 

50-75 

1-3 
 

25-49 

<1 
 

<25 

Sediment 
variability 

Number of size classes occupied by 75-
100% of observation points 

75% in 
more 
than 2 
classes 

75% in 2 
classes 

75% in 1 
class 

100% in 1 
class 

Periphyton Chl A concentration, ash-free dry weight, 
species composition 

No recommendations for now 

Fish abundance Catch per unit of electroshocking effort 
(seconds) 

>2.3 1.4-2.3 0.7-1.3 <0.7 

Plant vigor Freshness, stem integrity, leaf integrity, 
colour, suppleness, turgidity, new growth, 
etc. 

good fair poor dead 

Increaser-
invader species 

% of ground covered <5 5-25 26-50 >50 

Windthrow (1) % of total stems in reserves 
(2) % of total stems left where no reserve 

is present 

<5 
<10 

5-10 
10-25 

11-25 
26-50 

>25 
>50 

Similarity to 
natural plant 
community 

(1) % similarity to forest structure 
(2) % similarity to species composition 

>75%  
>75% 

>75% 
<75% 

<75% 
>75% 

<75% 
<75% 

Riparian 
connectivity (to 
forest) 

Treating the riparian area as a four-sided 
polygon, number of sides with interior 
forest conditions 

3-4 2 1 0 

      
Score per 
indicator 

 3 2 1 0 
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Indicator Values for Proper Functioning Condition 
Threshold values for different levels of riparian health were based on the “Montana” 
method or other accepted indices where the same (e.g. vegetative cover, bare ground, 
deep-rooted streambank vegetation, substrate moss) or similar (e.g. shade cover) 
indicators were selected for use.  Other threshold values, most notably for the channel 
indicators, were derived from data on logged and unlogged streams in different stream 
types, physiographic regions and biogeoclimatic zones in BC (see also Appendix 1 for a 
review of the data and its analysis).  The intent was to account for the range of expected 
natural variability.  Fish abundance, one of the provisional indicators selected, was 
similarly based on sample data, though in this case it was restricted to a single area 
(northern Vancouver Island), and the relationship to riparian health is not well 
established.  LWD supply and sediment variability was based on data collected from all 
over BC, but like fish abundance the relationships to riparian health have yet to be 
established. 
 
Other province wide databases may be available for some indicators that can be analysed 
for threshold values on riparian health; however, none were known at this time, or readily 
accessible.  More likely the information is widely scattered, and in need of compilation 
into a single database so that more meaningful threshold values for some indicators can 
be established for the many diverse stream types, biogeoclimatic zones and physiographic 
regions of BC. 
 
In the absence of a solid database on which to base the threshold values, values were 
assigned on the basis of experience and expert opinion.  Among the accepted indicators 
(Table 1), this included fish cover, benthic invertebrate diversity, substrate embeddedness 
and aquatic connectivity.  Among the provisional indicators (Table 2) it included 
windthrow, similarity to the desired or natural plant community, plant vigor and forest 
connectivity.  

Use of the Indicators in Riparian Effectiveness Evaluations 

Evaluations of the effectiveness of different riparian management practices implemented 
under the new Forest and Range Practices Act can be conducted at different levels of 
intensity, depending on the scope of the assessment and resources (money) available.  In 
ascending order of detail and time commitments required, these four levels of evaluation 
are respectively termed overview, routine, extensive and intensive evaluations.   

Time commitments for the first three levels are anticipated to range from minutes to 
hours to a day or so per site.  The fourth level of intensity, called intensive evaluations, 
include detailed scientific assessments of entire watershed processes or stock responses to 
changes that are usually conducted over one or more years.  These are studies that clearly 
go beyond the level of evaluations envisaged as a day-to-day tool for assessing riparian 
effectiveness.  As often as not, they are the studies that provide the scientific basis for our 
understanding and use of the indicators, inasmuch as they tend to focus on understanding 
the processes responsible for changes and natural variability as opposed to simply 
documenting changes and variability.  Ongoing studies such as those at Carnation Creek 
on the west coast of Vancouver Island is an example of a very intensive study.  However, 
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stock assessment projects or monitoring studies on hydro projects that involve periodic 
population estimates of fish or drift studies to assess benthic invertebrate production 
would also be intensive studies.  Many water quality or stream gauging projects are other 
examples of intensive studies.  

Overview Evaluations 
An overview evaluation relies on indicators that can be quickly observed in the field to 
decide if there have been any impacts to the stream or riparian area.  They are generally 
intended to assess general watershed conditions, to confirm the results of office based 
assessments, or to decide if more detailed routine or extensive ground evaluations are 
warranted at specific sites. 

As a coarse filter, the overview evaluation uses indicators that can be accurately assessed 
from the air with little chance of error.  Conspicuous windthrow for example, or the 
presence of a crossing, a road or trail in the RMA would trigger a recommendation for a 
ground assessment.  Overview evaluations are designed to be conducted from the air.  
The advantage of an aerial overview is the ability to quickly compare upstream control or 
reference areas with managed or "treatment" areas. 

An example of an overview evaluation form is provided in Appendix 4.  The overview 
evaluation asks two basic questions: 

1) “Is the aquatic habitat and associated riparian area intact, and free of any disturbances 
attributable to on-site or adjacent forestry activity?”; and 

2) “Are the changes in the RMA noted in Question 1 of a minor nature, sufficient to 
consider the RMA treatment effective?”. 

Four basic indicators are used to answer the first question, including three accepted 
indicators (vegetative cover, bare ground, and aquatic connectivity) and one provisional 
indicator (windthrow).   These same four indicators are used to answer the second 
question plus five additional indicators.  The latter included four accepted indicators (bar 
frequency, bar type, LWD load, and log jam frequency) and one provisional indicator 
(sediment variability).  Each indicator requires a “Yes” or “No” answer, and all answers 
have to be “Yes” to be considered in Properly Functioning Condition at the overview 
evaluation level.  If any answer is “No” then a ground-based evaluation is probably 
required before concluding on riparian effectiveness. 

When ground-based assessments appear warranted on the basis of the aerial overview 
indicators, either routine or extensive evaluations can be conducted, depending on the 
time and resources available, and the importance of the conclusions. 

Routine Evaluations 

Routine evaluations are the type of evaluation we see being conducted at most sites (e.g., 
90-95% of all sites) where riparian effectiveness evaluations are required.  The level of 
effort anticipated is similar to the level any professional with experience in riparian and 
stream management would probably spend at a site.   
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A routine evaluation form is provided in Appendix 5.  A routine evaluation asks 14 
questions: 

1) Is the channel bed undisturbed? 

2) Are the channel banks undisturbed? 

3) Are channel LWD processes undisturbed? 

4) Is the channel morphology undisturbed? 

5) Are all aspects of the aquatic habitat sufficiently connected to allow for normal, 
unimpeded movements of fish, organic debris, and sediments? 

6) Does the stream, lake or wetland support a good diversity of fish cover attributes? 

7) Does the amount of moss present on the substrates indicate a stable and 
productive system? 

8) Has the introduction of fine sediments been minimised? 

9) Does the stream, lake or wetland support a diversity of aquatic invertebrates? 

10) Have riparian reserves and designated wildlife trees or wildlife patches in RMAs 
been protected from windthrow? 

11) Has the amount of bare ground or soil disturbance in the riparian area been 
minimised? 

12) Has sufficient vegetation been retained to maintain an adequate root network or 
LWD supply? 

13) Has sufficient vegetation been retained to provide shade and reduce bank 
microclimate change? 

14) Have the number of disturbance-increaser plants or noxious weeds present been 
limited to a satisfactory level? 

Five of the questions are the indicators themselves (e.g. Questions 5, 6, 8, 9 and 11).  Six 
other questions (e.g. Questions 1, 2, 3, 4, 7, and 13) were a composite of two-three 
accepted indicators plus one provisional indicator (sediment variability or plant vigor).  
Three of the questions (Questions 10, 12, and 14) were all provisional indicators 
(windthrow, retention, and increaser-invader species).  The apparent need for such 
frequent use of the provisional indicators suggest that many if not most of the provisional 
indicators should be re-considered for inclusion as standard indicators of riparian 
effectiveness. 

Extensive Evaluations 
An extensive evaluation involves the use of all indicators, with the information on each 
indicator collected according to the procedures described in Appendix 2. 
 
Compared to routine evaluations, full use of all indicators in extensive evaluations mainly 
represents an increase in the frequency or level of measurement.  The basic 
measurements or observations are otherwise the same.  For example, for the routine 
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indicators, aquatic invertebrate diversity in streams may be assessed with a single kick (or 
Surber) sample at one riffle.  In extensive evaluations, the frequency of sampling is 
increased to represent riffles throughout the entire sample reach.  Similarly, assessing 
substrate quality for fish spawning and rearing may be performed by answering four 
questions at one or two riffle-pool breaks in a routine evaluation, but is increased 
systematically to include most or all riffle breaks in an extensive evaluation. 
 
Auditors have the option of implementing the more detailed extensive-level evaluations 
if, for whatever reason, forestry-related changes to stream, lake, wetland, or riparian 
habitats require rigorous quantification. In most instances, however, we only envisage 
using all indicators as described in Appendix 2 when there is a need to validate or 
confirm the findings in a subsample of routine-type evaluations that were completed in 
much shorter periods of time (e.g. one hour).  Because of the greater time anticipated to 
complete extensive evaluations, probably only 5-10% of sample population would be 
subjected to extensive evaluations. 
 

Determining Overall Riparian Health 

Extensive Evaluations 
The method used by the Forest Practices Board (2002) to determine overall riparian 
health (i.e. functioning condition) is recommended here.  Threshold values described 
earlier for each indicator are converted to a simple numerical score of 0-3 depending on 
the relation to functioning condition.  Indicator values indicative of Proper Functioning 
Condition are given a score of “3”, while values indicative of non-functioning condition 
are given a “0”.  Intermediate values indicative of “functioning at risk” or “functioning at 
high risk” are given scores of “2” and “1” respectively. 
 
Overall riparian health is calculated by adding up the score for all the indicators.  Overall 
riparian health can then be expressed as a number or as a percentage of the maximum 
possible score.  An average score of 24, or 50% of the maximum possible score of 48 if 
all 16 indicators are measured, is considered here to be indicative of a non-functioning 
riparian area.  Scores for all riparian conditions are summarized in Table 3. 
 

Table 3. Determining riparian health. 

Riparian Health Scores Riparian Health 
  

>40 (>83%) Proper Functioning Condition 

33-40 (69-83%) Functioning, at risk 

25-32 (52-69%) Functioning, at high risk 

<25 (<52%) Non functioning 
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Routine Evaluations 
Scoring the routine evaluations is similar to the overall scoring recommended for 
extensive evaluations.  If more than six (i.e. >40%) of the fourteen questions asked have a 
“No” answer, then the riparian and stream habitat is considered to be Non- Functioning.  
Progressively fewer “No” answers means better functioning condition, as follows: 

• 0-2 “No” answers – Proper Functioning Condition; 
• 3-4 “No” answers – Functioning, but at Risk; 
• 5-6 “No” answers – Functioning, but at High Risk; 
• >6 “No” answers – Non Functioning. 

 
The number of “No” answers for each level of functioning condition is not affected by 
the number of “Yes” answers.  If some questions are “Not Applicable”, the number of 
“No” answers required for each level of functioning condition remains the same. 

Riparian Survey Area Width and Length 

The width of RMAs in the Forest and Range Practices Act vary by waterbody type and 
class.  For class S1 fish-bearing streams, the RMA may be 70m wide including a 50m 
reserve zone and 20m management zone.  Small streams without fish (class S6) have 
only a 20m management zone.  In spite of this variation, for the purpose of effectiveness 
evaluations, the riparian area of study should be restricted to a band 20 m wide as 
measured from the shore of the waterbody.  This band usually includes most off-channel 
aquatic habitats, and is the full width of the RMZ of the smallest classified streams 
without fish (class S6).  Most of the functional attributes to be studied occur 
predominantly within this width. 

Total minimum length of stream or riparian habitat recommended for extensive 
evaluations is 150m or a distance equal to 50 channel widths, whichever is greatest.  For 
routine evaluations, a distance equal to 150m or 20 channel widths is recommended 
whichever is greatest. 

Control Sites 

Field surveys of riparian management effectiveness that employ extensive indicators 
should include, whenever possible, assessment of riparian conditions upstream of the 
treatment section, or outside of the riparian treatment area to provide reference or 
“control” conditions.  Observations made in similar but unmanaged reaches within the 
geographic region studied will provide reference information useful for comparison with 
managed reaches. 

Testing the Evaluations 

Testing the full suite of extensive indicators in the field was beyond the scope of the 
current work.  There is therefore no assessment of the approximate time it would take to 
complete an assessment.  There is also no assessment of the relationship between the 
proposed scoring and Properly Functioning Condition.  These tasks still need to be 
completed. 
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The channel indicators developed from the province-wide database on stream channel 
characteristics of S2/S3 size logged and unlogged streams have also not been tested in the 
field.  They were, however, indirectly tested by examining a range of logged and 
unlogged streams with various levels of disturbance in the database.  Results indicated 
(see Appendix 1) that the seven channel indicators described in this report are effective in 
identifying disturbance associated with streamside logging.  However, since there was 
also a relatively high chance of obtaining a false positive, the use of the seven channel 
indicators by themselves also requires knowledge of disturbance history (i.e. the 
magnitude and frequency of natural events) and direct evidence of logging disturbance 
within a watershed.  Without any supporting information from other indicators, cause and 
effect must be established to conclude that logging is responsible for the change in 
Properly Functioning Condition when the conclusion is based on the channel indicators 
only. 

Routine evaluations were tested in the field at twelve mainly S2/S3 streams in the 
Nimpkish River drainage on northern Vancouver Island, on Canfor’s TFL 37.  The sites 
were part of a pilot project initiated by Canfor to test their own riparian effectiveness-
monitoring program (Manning et. al. 2004).  Ten sites were S2/S3 streams, two were S4 
streams.  The evaluations took a two-person crew two ten-hour days to complete.  
Average time to complete an evaluation at one site was one hour, not counting travel to 
the nearest access point by vehicle.  Six sites were completed per day, which included on 
average four hours of travel.  Average minimum channel length assessed was a distance 
equal to 20 channel widths.  If a road crossing was present, riparian and stream habitats 
were inspected both upstream and downstream of the crossing. 

Standard field procedures included hip chaining along the stream to ensure a minimum of 
20 channel widths was inspected.  Point of commencement for the survey was noted and 
the direction of the traverse, either upstream or downstream.  Time at the beginning and 
end of the evaluation was also recorded. 

An example of the routine evaluation field forms used to test the method is provided in 
Appendix 6.  It was not the intention of this report to develop field forms or prescribe a 
precise protocol for recording notes.  Until the methodology is better developed, this is 
probably best left to the professionals conducting the evaluation.  In this test, a blank 
piece of notepaper was used and information on some indicators was noted at systematic 
intervals (e.g. bar types, bar frequency, substrate moss, fine sediments, shade, and 
vegetative cover).  Other indicators were measured or enumerated as they were 
encountered (deep pools, windthrown trees, standing trees, bare ground, log jams, eroded 
banks) or simply spot checked (benthic invertebrate diversity).  Many indicators were 
obvious and needed only to be checked off on the evaluation form when it was completed 
at the end of the traverse. 

Results of the evaluations are summarized in Table 4.  Of the twelve sites, eight were 
considered to in Properly Functioning Condition.  Two sites were considered to be at risk, 
one site at high risk, and one site was non-functioning.  The results made sense to the 
assessment team, and were effective in identifying even relatively subtle differences in 
habitat quality within each section of habitat inspected.  Additional independent testing of 
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the same sites by other teams is recommended to verify the results are reproducible, and 
that the scoring is a reasonable reflection of Properly Functioning Condition. 

Table  4. Results of Routine Evaluations at twelve logged streams on northern 
Vancouver Island, March 15-17, 2004. 

Functioning 
Condition 

Number 
of Sites 

Average 
number of 

“No” 
answers 

Main Issues 

    

Proper 
functioning 
condition 

8 1 • Bare ground not minimized 
• Insufficient vegetation retained for root networks or 

LWD supply 
• Mid channel bars widespread 
• Substrate lacks moss 
• Fine sediments not minimized due to road deactivation 
• Insufficient vegetation retained for shade and 

minimizing bank microclimate change 
• Reserve not protected from windthrow 

Functioning, at 
risk 

2 3 • Reserve not protected from windthrow 
• Bare ground not minimized 
• Insufficient vegetation retained for root networks or 

LWD supply 
• Substrate lacks moss* 
• Fine sediments not minimized* 
• Benthic invertebrate diversity low* 

Functioning, at 
high risk 

1 6 • New bank erosion exceeded 15% of survey length 
• Substrate lacks moss 
• Fine sediments not minimised due to windthrow related 

bank erosion and road deactivation 
• Benthic invertebrate numbers/diversity reduced 
• Reserve not protected from windthrow 
• Bare ground not minimized 

Non 
functioning 

1 7 • Mid channel bars widespread 
• Dewatering, culvert, sediment aggradation impede fish 

movements 
• No moss on substrates 
• Fine sediments not minimized 
• Bare ground not minimized 
• Insufficient vegetation retained for root networks or 

LWD supply 
• Insufficient vegetation retained for shade and 

minimizing bank microclimate change 
    

*Factors indicating stream channel and riparian area at this site were functioning but at risk at this site were clearly not 
related to riparian treatment adjacent to cut block.  Factors were the result of other upstream impacts to the channel, 
either natural or man-made. 
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Conclusions 
 
The indicators selected for use in evaluating the effectiveness of various riparian area 
treatments encompass a wide range of stream channel and riparian habitat attributes.  No 
one single indicator can successfully or reliably measure riparian health, but taken 
together, a suite of indicators should collectively provide a compelling picture.  In all 
likelihood, there will probably be little disagreement on healthy versus non-functioning 
riparian/stream habitats.  Deciding to what degree the riparian/stream habitat is at risk or 
at high risk of being non-functioning will be much more difficult.  As with the MOF 
checklists, it may be that the best use of extensive or routine evaluations is in tracking 
changes to determine if overall health is improving or not, and not necessarily what the 
exact condition is. 
 
The indicators and field procedures presented here now need to be tested, and then 
refined, dropping some indicators and adding new ones depending on the results of the 
testing.  The provisional indicators especially warrant a closer look in view of the 
frequency it was felt the information represented by these indicators was needed to 
complete the routine evaluations.  Eventually, other indicators should be added to expand 
the use of riparian effectiveness evaluations to other land use activities (e.g. range, urban 
development, mining, crops, etc.).  Including wildlife effectiveness evaluations in 
riparian areas with the riparian and stream effectiveness evaluations should also be 
considered to increase the overall efficiency of multi-disciplinary evaluations. 
 
Testing and refining the routine evaluations to ensure their objectivity and repeatability 
should be continued.  The sites sampled in this report in TFL 37 in particular should be 
revisited and routinely evaluated by one-two independent teams without any prior 
knowledge of past assessments, to assess the objectivity and repeatability of the 
evaluations.  The results of the routine evaluations should also be compared with 
independent expert opinions on functioning condition to assess or refine the scoring as 
required.  To do so, riparian sites with varying levels of unequivocal functioning 
condition should be established or selected, either through a consensus of expert opinions 
in the case of logged sites, or through application of existing evaluation methods (e.g. the 
MOF check lists, or the Montana method) for range sites. 
 
Literature reviews and database compilations should be conducted to improve the 
knowledge on the natural regional variation on those indicators where the scores on 
functioning condition is based on (limited) expert opinion (e.g. fish abundance, benthic 
invertebrate diversity, fish cover, periphyton biomass/diversity/species composition).  
Either that or expand the expert opinion on the scoring. 
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Appendix 1 –Stream Channel Indicators  
and their Relation to Proper Functioning Condition 
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1.0 Introduction 
This section describes seven physical attributes of stream channels that can be used as indicators 
for evaluating the effectiveness of different riparian management treatments. Proper functioning 
condition levels of each indicator are based on data collected from unlogged watersheds 
throughout British Columbia set in a variety of physiographic and biogeoclimatic zones.  The 
study streams encompassed a range of natural disturbance events, including landslide, flood, fire, 
and windthrow.  Proper functioning conditions therefore included a background level of 
disturbance expected in different biophysical settings.  Successful interpretation of these 
indicators requires knowledge of disturbance history (i.e. the magnitude and the frequency of 
natural events) and direct evidence of logging disturbance (i.e. cause and effect must be 
established). 

The data used for analysis was collected as part of three previous research efforts (data on-file at 
the Research Branch).  These studies and their funding sources included: Channel Response to 
Mass Wasting on the Queen Charlotte Islands (Fish/Forestry Interaction Program), Stream 
Channels, Large Woody Debris, and Biogeoclimatic Zones (Forest Renewal BC), and Stream 
Channels, Large Woody Debris, and Watershed Management in Biogeoclimatic Zones (Forest 
Investment Account).   

The data were collected during 1989 and between 1997 and 2003 across ten forested 
biogeoclimatic zones and four physiographic zones throughout British Columbia (Figure A1-1).  
Site selection included 52 unlogged watersheds and 36 logged watersheds with different forest 
management histories.  Bankfull channel widths ranged from 1 to 32 m while channel gradients 
ranged from 0.6% to 20%.  Unlogged watersheds contained a range of natural disturbances, 
including landslides, wildfires, and floods.  Logged watersheds contained streamside logging 
adjacent to the study reach, with management practices ranging from those typical of the 1960s 
and 1970s to those used throughout the late 1990s. 

 
2.0 The Indicators 
The seven disturbance indicators selected from the above data for assessment of Properly 
Functioning Condition in stream channels included bank erosion, bar frequency, bar stability, bed 
scour, number of pools, number of log jams and woody debris load.  Other indicators were 
possible, but these seven were felt to be the indicators best suited for assessing the direct effects 
of streamside logging on relatively small riffle-pool, rapid, step-pool, and cascade channels 
(bankfull widths typically < 10 to 15 m).  If there are any direct effects of logging on these types 
of stream channels, they are usually manifested immediately following logging operations and at 
least one high stream-flow event, as stable sediment storage elements in the channel are disturbed 
and the woody debris budget is altered.  Each indicator could be reduced to a simple 
presence/absence inventory taken at a survey interval of one bankfull width over a channel length 
of 50 bankfull widths.  This was important because it allowed for rapid field assessment in a 
consistent and repeatable manner.   

An operational field definition of each indicator is given below.  The subsequent data analysis 
provided here on the effects of BEC Zone, physiographic region and stream type in BC was based 
on these definitions.  Additional information on the rationale for each indicator, specific field 
procedures and the scoring of Properly Functioning Condition based on the present analysis is 
provided in Appendix 2. 
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Figure A1-1.  Location of stream sample sites  
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2.1 Bank erosion 
The frequency of eroded banks is determined by recording the presence or absence exposed or 
sloped banks at each survey interval.  If one portion of a bank is undercut (stable) while a second 
portion is sloped (eroded) within a survey interval, the dominant bank condition is recorded.  

2.2 Bar frequency 
Bar frequency is determined by recording the presence or absence of a bar at each survey interval.  
If a bar extends beyond one bankfull width and into the next survey interval(s), it is counted 
again.  Bars consist primarily of bed material with minimal flowing water during low flows.  Bars 
are considered having lengths on the order of the channel width or greater (Knighton 1984) and 
classified according to Church and Jones (1982).  This indicator is stage dependent and data 
should be collected during low flow. 

2.3 Bar stability 
Bar stability is assessed by recording the presence of unstable bar types at each survey interval.  
Bars are considered unstable if classified as a medial bar (see Church and Jones 1982) or as a 
sediment wedge (see Hogan et. al. 1998, Hogan and Bird 1998).  If a bar extends beyond one 
bankfull width and into the next survey interval, it is counted twice.  Like bar frequency, bar 
stability is stage dependent and data should be collected during low flow. 

2.4 Bed scour 
The extent of bed scour present is determined by recording the presence or absence of bed scour 
at each survey interval.  Scour is typically identified downstream of a logjam where the majority 
of bed and/or bar material is absent due to a limited local sediment supply.  Bedrock is often 
exposed along the channel margin.  More specific details on bed scour are given in BC Ministry 
of Forests and BC Ministry of Environment (1996), Hogan et. al. (1998), and Hogan and Bird 
(1998). 

2.5 Depth variability 
The presence of a pool is determined at each survey interval as a surrogate of depth variability. 
Pools are identified only if pool length is greater than 0.5 bankfull width and backwater pools 
were omitted from the analysis.  If a pool extends beyond one bankfull width and into the next 
survey interval, it was only counted once.  Pools are low flow areas of relatively slow, sub-critical 
flow lacking small-scale hydraulic jumps or free-surface instabilities (as defined by Grant et. al. 
1990).  This indicator is stage dependent and data should be collected during low flow. 

2.6 Log jam frequency 
Log jams are identified after Hogan (1989) but only included those jams that span at least half the 
bankfull width of the channel, are solid with only minor voids existing between logs, and are 
anchored to the bed.  In addition, jam size is truncated at 0.01 m3/m2. Details are given in Hogan 
and Bird (1998).  Logjam frequency is determined by recording the presence or absence of a 
logjam at each survey interval. 

2.7 Woody debris load 
Woody debris includes all functional and non-functional wood found along the channel. This 
includes logs suspended above the channel by one or both bank tops.  The presence or absence of 
woody debris is determined at each survey interval to determine its frequency of occurrence in 
the channel. 
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3.0 Methods 
As indicated above, data on the indicators was based on streams sampled in four main 
physiographic regions and ten biogeoclimatic (BEC) zones in BC.  The physiographic regions 
included the Coast Mountains and Islands, the Columbia Mountains and Southern Rockies, the 
Interior Plateau, and the Northern and Central Mountains and Plateaus.  The biogeoclimatic zones 
selected for analysis include: Ponderosa Pine (PP), Interior Douglas Fir (IDF), Montane Spruce 
(MS), Interior Cedar-Hemlock (ICH), Engelmann Spruce-Subalpine Fir (ESSF), Boreal White 
and Black Spruce (BWBS), Spruce-Willow-Birch (SWB), Sub-Boreal Spruce (SBS), Sub-Boreal 
Pine-Spruce (SBPS), and Coastal Western Hemlock (CWH).  

During each stream survey, detailed longitudinal profiles were surveyed with an automatic level, 
stadia rod and distances were measured with a surveyor’s hip chain. Approximately 50 bankfull 
channel widths were surveyed and thalweg, water surface, bar and bank elevations were 
measured at set intervals along the channel as well as the b-axis of the largest surface stone 
visible on the bed.  All morphological features (e.g., pools, glides, riffles and runs) were surveyed 
along the longitudinal profile as supplementary survey points.  These were identified in the field 
by their topographical, sedimentological and hydraulic characteristics as defined by Keller and 
Melhorn (1973) and Sullivan (1986).  Channel and valley floor widths were measured every fifth 
channel width. 

All LWD (including jams, steps and individual pieces) were categorized at each survey interval 
according to their size and shape (length, mean diameter and condition of root wad), position in 
the channel (orientation and vertical position) and function (bed and bank sediment trapping or 
scouring).  The volume of all in-channel LWD was determined by visual estimation based on the 
procedure established by Hogan (1989).  Each logjam was classified according to Hogan and Bird 
(1998) and Hogan (1989).  A log jam is defined here as multiple, interacting LWD pieces that 
influence channel morphology by controlling sediment transport either presently or at some time 
in the past (Hogan, 1989).  The age, volume, and location of each jam were also recorded.  Jam 
age was determined from the ages of nursed trees and bar/bank vegetation.  A standard increment 
tree bore was used to obtain cores at, or near the point of germination.  If nursed trees were not 
present, jam age was approximated from the decay characteristics of individual LWD pieces 
(Hogan, 1989). 

Data collected from unlogged watersheds was used to test the influence of physiography, 
biogeoclimatic zone, and channel gradient on channel characteristics useful in approximating 
disturbance indicators.  Data were collected per unit area of channel and standardized (as 
proportions) for analysis by the total length of each respective study reach (in units of bankfull 
width).  Proportions were normalized through arcsine transformation (Zar 1984) and tested for 
significance by three-factor ANOVA with unequal replication (factors included physiography, 
biogeoclimatic zone, and channel gradient).  Some factors were grouped to increase the number 
of replicates used in the analysis.  Physiographic zones were combined based on the dominance 
of either mountains or plateaus within each zone.  The mountainous group included data from the 
Coast Mountains and Islands and the Columbia Mountains and Southern Rockies, while the 
plateau group included data from the Interior Plateau and the Northern and Central Plateaus and 
Mountains.  Biogeoclimatic zones were combined based on forest productively (see MacKinnon 
et. al. 1991).  The high productivity group included data from the CWH, ICH, SBS, SBPS, MS, 
and IDF, while data from the low productivity group included data from the ESSF, PP, BWBS, 
and SWB. 
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4.0 Results 
 
 4.1 Biophysical trends 
Associations amongst disturbance indicators and physiography, biogeoclimatic zone and channel 
gradient are given in Table A1-1. Bank scour and depth variability was consistent through all 
physiographic zones, biogeoclimatic zones and channel types.  Typically, there were about 21 
observations of either overhanging or undercut banks and 10.8 pools in a stream reach equal to 50 
Wb in length, regardless of channel type, physiographic region or biogeoclimatic zone.   

Log jam number and woody debris loading varied by geoclimatic zone only, while bar type 
varied by physiographic region only.  Bar frequency varied by biogeoclimatic zone and gradient 
(i.e. channel type), but not physiographic region.  Bed scour showed the greatest degree of 
interaction with significant differences among all three classification variables. 

Table A1-1.  Disturbance indicators and significant factors derived from ANOVA. 
Significance testing was at the 0.05 level. 

Disturbance Indicator Significant Factor(s) 
 

Woody debris loading Biogeoclimatic zone 
Log jam frequency Physiographic zone 
Bed scour Biogeoclimatic zone interacting with gradient, physiographic region 
Bar frequency Biogeoclimatic zone interacting with gradient 
Bar type Physiographic region 
Bank condition None 
Depth variability None 

 

Mountainous physiographic regions were characterized by more frequent logjams, wedges and 
bed scour than the plateau regions (Table A1-2). This likely reflects the importance of landslides 
as a jam-forming process, especially along reaches coupled to the hillslope (see Hogan et. al. 
1998).  In turn, these jams promoted bed aggradation (sediment wedges and medial bars) 
upstream and bed scour downstream of the jam structures (see Hogan et al a 1998 and Hogan and 
Bird 1998). 

Table A1-2.  Influence of physiography on logjam frequency, bar type, and bed scour. 

 Physiographic Regions 
(no. per 50 bankfull widths) 

Indicator Mountains Plateaus 
Log jam frequency 4.9 2.4 
Unstable bars (medial bars and wedges) 8.7 4.3 
Bed scour 3.7 1.1 

 

Woody debris loading was relatively high in biogeoclimatic zones characterized by productive 
forests (Table A1-3), reflecting the higher volumes of standing timber in these zones (assuming 
similar rates of wood transfer from the riparian area to the channel).  In addition, bed scour was 
more frequent in step-pool channels throughout these zones (Table A1-4), and likely reflects both 
the relatively high woody debris loadings (scour is promoted downstream of individual logs) and 
additional stream power associated with steeper, step-pool channels.  Bar frequency was highest 
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in riffle-pool and cascade channels in the high productivity biogeoclimatic zones (Table A1-4), 
reflecting increased sediment storage sites because of the higher woody debris supply.  However, 
bar frequency was also high in step-pool channels in the low productivity zones. 

 

Table A1-3.  Influence of biogeoclimatic zone on woody debris loading. 

 Biogeoclimatic Group 
(no. per 50 bankfull widths) 

Indicator High Productivity Low Productivity 

Woody debris loading 39.6 32.7 

 
 
Table A1-4.  Influence of biogeoclimatic zone and channel type on bed scour and bar 

frequency. 

 High Productivity 
BEC Group 

(no. per 50 bankfull widths) 

Low Productivity 
BEC Group 

(no. per 50 bankfull widths) 
Indicator Intermediate 

Cannel 
Small Channel Intermediate 

Cannel 
Small Channel 

Bed scour 0.9 4.9 2.0 1.7 

Bar frequency 25.7 17.0 17.3 27.6 

 
4.2 Relation to Proper Functioning Condition 
If a significant factor(s) was identified, the data were subset and used to define an expected value 
for the relevant factor(s).  A beta distribution was fitted to the untransformed data (given the use 
of proportions) and a probability density function was derived for each distribution.  The limits of 
the density function represent hypothetical proportions (i.e., a range of channel widths) over 
which an indicator would be observed in the sample.  Solving the density function yielded the 
probability of observing that range in the field. 

The probability of exceeding the expected value of each indicator was determined from the 
density functions.  Bar frequency, bar type, bank scour, and bed scour were considered in proper 
functioning condition if observed values in the field did not exceed this expected value.  The 
probability of exceeding the expected value was then divided into four equal intervals and the 
corresponding limits on the density function were solved iteratively.  The first interval above (or 
below) the expected value was assumed to represent fluctuations about the expected valued and 
the values in this interval was considered indicative of Proper Functioning Condition.  The 
second, third and fourth intervals above the expected value were considered (1) functioning, but 
at risk, (2) functioning, but at high risk, and (3) non-functioning, respectively.  

Depth variability was scored using a similar procedure, although the indicator was considered in 
Proper Functioning Condition if it exceeded the expected value.  Woody debris loading and 
logjam frequency were scored at both ends of the distribution (i.e., above and below the expected 
value).  Beta distributions and proper functioning condition of each disturbance indicator is given 
in Table A1-5. 
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Table A1-5. Expected values for each channel indicator for four levels of Proper Functioning Condition, by physiographic region, 
biogeoclimatic zone and channel type. 

     Functioning Condition 
Indicator Measure Physiographic 

region 
BEC zone 

productivity 
Channel type Proper At risk At high risk Non 

functional 
         
Bank erosion % of survey points with eroded bank All High or Low All <73 73-84 84-94 >94 
Bar frequency % of survey points with a gravel bar All High Pool-riffle <73 73-90 91-98 >98 

“ “ “ “ Step-pool <48 48-60 61-78 >78 
“ “ “ Low Pool-riffle <46 47-54 55-66 >66 
“ “ “ “ Step-pool <65 66-74 75-84 >84 

Bar stability % of survey points with unstable bars Mountains High or Low All <31 32-36 37-46 >46 
“ “ Plateaus “ “ <23 24-28 29-38 >38 

Bed scour % of survey points with bed scour Mountain High Pool-riffle <13 14-18 19-28 >28 
“ “ “ “ Step-pool <19 20-24 25-34 >34 
“ “ “ Low Pool-riffle <13 14-18 19-28 >28 
“ “ “ “ Step-pool <11 12-14 15-22 >22 
“ “ Plateau High Pool-riffle <7 8-10 11-16 >16 
“ “ “ “ Step-pool <13 14-16 17-24 >24 
“ “ “ Low Pool-riffle <9 10-11 12-16 >16 
“ “ “ “ Step-pool <7 8-9 10-12 >12 

Channel 
depth 
variability 

Number of pools in 50 Wb All High or Low All >7 6-7 3-5 <3 

Log jam 
frequency 

Number of log jams in 50 Wb Mountains High or Low All 3-6 2, 7-8 1, 9-11 0, >11 

“ “ Plateaus “ “ 2-3 1, 4 0, 5-6 >6 
Woody debris 
load 

% of survey points with woody debris All High All 16-26 14, 28-32 10-12, 34-40 <10, >40 

“ “ “ Low “ 26-42 18-24, 44-52 10-16, 54-66 <10, >66 
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4.3 Testing 
All data from the unlogged sites was classified by proper functioning level to assess which 
indicators are the most sensitive.  The modal value for bar type, bar frequency, depth variability, 
scour, and bank condition all indicated proper functioning condition.  However, the modal value 
for jam frequently and woody debris loading was functioning, but at high risk, and non-
functioning, respectively.  This likely reflects the relatively narrow range of values associated 
with proper functioning condition of these indicators, given that deviations from the expected 
value are considered at both ends of the distribution (i.e., a reach may be considered disturbed if it 
contains too many or too few jams or has too much or too little woody debris loading).  Jam 
frequency and LWD loading are therefore considered poorer indicators of channel disturbance 
than either bank erosion, bar frequency, bar type, bed scour, and depth variability (number of 
pools). 

The background disturbance level associated with unlogged watersheds was estimated from a 
frequency count of the number of indicators present at each level of functioning condition.  The 
frequencies for the entire data set were: 196 class IV; 48 class III; 63 class II; and 48 class I.  In 
other words, in a survey of 50 bankfull widths, approximately four indicators would suggest the 
channel is in proper functioning condition; one indicator would suggest the channel is functioning 
but at risk, one functioning but at high risk, and one non functioning.  Approximately 1/3 of the 
unlogged sites exceeded this background disturbance level, suggesting that chances of a “false 
positive” using this method are about 0.33.  In comparison to the logged data, about 1/2 of the 
sites exceeded the background disturbance level associated with an unlogged watershed. 

 
5.0 Conclusion 
Testing suggest that the indicators described in this report are effective in identifying disturbance 
associated with streamside logging.  However, given the relatively high chance of obtaining a 
false positive, successful application requires knowledge of disturbance history (i.e. the 
magnitude and frequency of natural events) and direct evidence of logging disturbance within a 
watershed.  Cause and effect must be established to conclude that logging is responsible for the 
change in Properly Functioning Condition. 
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Appendix 2 - Extensive Indicators 
 
 

Field Assessment Questions, Indicator Descriptions, Rationale,  
Field Procedures and Suggested Scoring 
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Bank Erosion  

Question: 
Is stream bank disturbance (erosion) within the range expected in an undeveloped watershed? 

Indicator Description: 
Eroding stream banks are a direct indicator of bank instability.  All streams have banks that are 
actively or historically eroding (e.g., on the outside of a channel bend), but there is a typical 
spatial extent of erosion where values outside the range represent a disturbed state.  Stable banks 
are often indicated by either an overhang or an undercut and usually associated with a heavy turf 
mat (i.e., no exposed mineral soil).  Unstable banks are frequently indicated by either a vertical or 
sloping bank profiles, and usually are associated with exposed mineral soil. 

Rationale: 
Riparian zones are influenced by both direct and indirect factors related to harvesting.  Stream 
banks can be eroded at sites of physical disturbance, such as a road crossing, because bank 
material strength is reduced with vegetation removal or because sediment loads have increased.  
Whether the factors are direct or indirect, the result is bank erosion.  The occurrence of bank 
erosion is obvious and unmistakable to the field observer.  Measurement of the spatial extent of 
bank erosion is quantifiable and repeatable. 

Field Procedures: 
Determine average bankfull channel width to establish a survey interval.  Measure a cross section 
(using a fibre tape and measuring to ± 0.1 m) at five locations spaced approximately evenly along 
the reach.  Each measurement should be spaced a distance equal to about 1/5 the overall reach 
(i.e., beginning and end of the reach and three locations in-between).  Calculate the average width 
from the five individual measurements. 

A number of standard criteria can be used to determine bankfull width in the field. Only those 
relevant to the field site need be used.  Look for: 

• A change in vegetation from bare ground with no trees to vegetated ground with trees, from 
no moss to moss covered ground or from bare ground to grass covered ground, particularly in 
range lands 

• A topographic break from vertical bank to flat floodplain 

• A topographic break from steep bank to more gentle slope 

• The highest elevation below which no fine woody debris (needles, leaves, cones or seeds) 
occurs 

• A change in texture of deposited sediment from clay to sand, or sand to pebbles, or boulders 
to pebbles 

Once the survey interval is established, run a hip-chain line along the thalweg (generally, the 
deepest portion of the channel) for a distance equivalent to 50 times the average bankfull channel 
width. At each survey interval (one bankfull channel width), determine if the banks are either (a) 
undercut and/or overhanging, or (b) vertical and/or sloping. In a sinuous channel, bank erosion is 
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expected to alternate from one side of the channel to the next.  If within a survey interval one 
portion of a channel is undercut, while a second portion is sloped, the dominant bank position is 
recorded.  For the purpose of this procedure, one bank is chosen for assessment (usually the bank 
adjacent to management activities if only one bank is managed).  However, both sides would be 
measured if there were management activities of concern on both sides of the habitat.   

Scoring: 
For the streams inventoried by Hogan (1989), Hogan and Bird (1998) and Bird (2004), the length 
of eroded, unstable banks present in unlogged streams did not vary according to physiographic 
region, biogeoclimatic zone or stream channel type.  Assuming one observation per length of 
channel equal to channel width, for a length of channel equal to fifty channel widths, Proper 
Functioning Condition is rated as follows: 

• <73% of observation points have eroded banks = Proper Functioning Condition; 
• 73 – 84% of observation points have eroded banks = Functioning, but at Risk; 
• 85 – 94% of observation points have eroded banks = Functioning, but at High Risk; 
• >94% of observation points have eroded banks = Non Functioning. 
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Bar Frequency  

Question: 
Is the total number of channel bars greater than normally expected?   

Indicator: 
The indicator is the total number of channel bars present along a 50 Wb longitudinal survey 
transect.  The measure identifies the total amount of exposed sediment present in stable or 
unstable configurations relative to the flowing stream during low-flow summer conditions.  The 
indicator is flow-stage dependent. 

Rationale: 
The frequency of individual bars is important because a channel that is characterized by many 
small bars is more mobile than one that has wider distribution of bar sizes. The number of 
channel bars in undisturbed streams is normally restricted to a fairly narrow range. As sediment 
supply to the stream is increased and instream LWD function is altered, the number of small bars 
increases. Counting the number of bars is quantifiable and repeatable given a relatively constant 
flow-stage. 

Field Procedures: 
Over a longitudinal transect of stream length equivalent to 50 channel bankfull widths (as 
previously described), stop at each survey interval and determine if a bar is present. For 
operational use, a channel bar is identified by an accumulation of sediment with length equal to 
one bankfull width and height equal to approximately one bankfull depth. Since the type of bar is 
also an important indicator, indicate also if the bar is stable (i.e. a lateral or diagonal bar) or 
unstable (i.e. a mid-channel bar or sediment wedge). 

Bars consist of bed material with minimal flowing water during low flows.  Bars are considered 
bars if they have lengths equal to or greater than the channel width (Knighton 1984), and are 
classified according to Church and Jones (1982). Figure 9 of the BC Forest Practices Code 
Guidebook Channel Assessment Procedure (Anon 1996) provides additional descriptions of the 
different bar types.  If a single bar extends beyond one survey interval, it is counted at each 
interval (e.g., if a bar extends for five bankfull channel widths, it is counted and classified five 
times). 

Scoring: 
For the streams inventoried by Hogan (1989), Hogan and Bird (1998) and Bird (2004), the 
number of bars in unlogged streams varied according to biogeoclimatic zone and stream channel 
type, but not physiographic zone (mountains or plateaus).  Assuming one observation per length 
of channel equal to channel width, for a length of channel equal to fifty channel widths, Proper 
Functioning Condition is rated as follows: 
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Table A2-1. Bar frequency in relation to Proper Functioning Condition in BC, by 
physiographic region, BEC zone productivity, and channel type.  Numbers are 
the percent of observations where a gravel bar is recorded at 50 points along a 50 
Wb long stream transect.  

   Functional Condition 

Physiography BEC Zone 
productivity 

Channel 
type 

Functional, 
proper condition 

Functional, 
at risk 

Functional, 
at high risk 

Non-
functioning 

       
Mountains  High Pool-riffle <73 73-90 91-98 >98 
or plateaus “ Step-pool <48 48-60 61-78 >78 

“ Low Pool-riffle <46 47-54 55-66 >66 
“ “ Step-pool <65 66-74 75-84 >84 
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Bar Stability 

Question: 
Is the number of mid-channel bars and sediment wedges, greater than normally expected?   

Indicator: 
The indicator is the number of mid-channel bars and sediment wedges along a 50 Wb long 
longitudinal survey transect.  The measure identifies the amount of exposed sediment 
accumulated in an unstable configuration during low-flow summer conditions.  The indicator is 
flow-stage dependent. 

Rationale: 
The stability of stream channel bars ranges from highly unstable mid-channel bars and sediment 
wedges to stable diagonal and alternating bars.  As sediment supply to the stream is increased 
and/or LWD supply is altered, the frequency and spatial extent of the unstable forms typically 
increases.  Counting the number of mid-channel bars and sediment wedges is quantifiable and 
repeatable.  However, care must be taken when estimating the spatial extent of mid-channel bars 
or sediment wedges because the surface area exposed will vary with streamflow stage.  Higher 
flows in the same stream will appear to have a lesser amount of mid-channel bars and sediment 
wedges because more of the bars are covered by water and not visible to the observer. 

Field Procedures: 
Over a longitudinal transect of stream length equivalent to 50 channel bankfull widths (as 
previously described), stop at each survey interval and determine if a mid-channel bar or 
sediment wedge is present. Since the total number of gravel bars is another indicator, record the 
presence or absence of other lateral or diagonal channel bars as well.  For operational use, a 
channel bar is identified by an accumulation of sediment with length equal to one bankfull width 
and height approximately equal to bankfull depth.  

Bars consist of bed material with minimal flowing water during low flows.  Bars are considered 
bars if they have lengths equal to or greater than the channel width (Knighton 1984), and are 
classified according to Church and Jones (1982). Figure 9 of the BC Forest Practices Code 
Guidebook Channel Assessment Procedure (Anon 1996) provides additional descriptions of the 
different bar types.  If a single bar extends beyond one survey interval, it is counted at each 
interval (e.g., if a bar extends for five bankfull channel widths, it is counted and classified five 
times). 

Scoring: 
For the streams inventoried by Hogan (1989), Hogan and Bird (1998) and Bird (2004), the 
number of unstable bars in unlogged streams varied according to physiographic region only 
(mountains or plateaus).  Assuming one observation per length of channel equal to channel width, 
for a length of channel equal to fifty channel widths, Proper Functioning Condition is rated as 
follows: 
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Table A2-2. Bar stability in relation to Proper Functioning Condition in BC, by physiographic 
region, BEC zone productivity, and channel type.  Numbers are the percent of 
observations where an unstable gravel bar is recorded at 50 points along a 50 Wb 
long stream transect.  

   Functional Condition 

Physiography BEC Zone 
productivity 

Channel 
type 

Functional, 
proper condition 

Functional, 
at risk 

Functional, 
at high risk 

Non-
functioning 

       
Mountains  High/Low All <31 32-36 37-46 >46 
Plateaus “ “ <23 24-28 29-38 >38 
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Bed Scour 

Question: 
Are sediment accumulations that form channel bars and steps absent along the channel?   

Indicator: 
The indicator is the number of times channel bed scour is observed at intervals equal to one 
channel width (Wb) along a 50 Wb long longitudinal survey. 

Rationale: 
A significant reduction in the supply of sediment to the stream system can lead to severely 
degraded channels.  As the local channel sediment is moved downstream by normal fluvial 
processes, and not replaced by sediment from upstream or the proximal banks, the morphology 
will progressively simplify due to sediment loss and ultimately result in severe fish habitat loss.  
Measurement of degraded stream channel length is quantifiable and repeatable.  In most cases, 
degraded channels occur downstream of some interruption to normal fluvial transport of 
sediment.  This may include a logjam, lake/wetland, culvert, or other blockage. 

Field Procedures: 
Over a longitudinal transect of stream length equivalent to 50 channel bankfull widths (as 
described above), record the number of times bedscour is present at every interval equal in length 
to one channel width (Wb). Walk upstream (or downstream) along the channel thalweg (deepest 
point along the cross-section if wading is possible) or along the bar tops if the water is too deep or 
the stream flow velocities are too fast for safe wading.  The definition and identification of 
degraded channels (classified as D2 and D3) is detailed in the BC Forest Practices Code Field 
Guidebook Channel Assessment Procedure (Anon 1996).  

Scoring: 
For the streams inventoried by Hogan (1989), Hogan and Bird (1998) and Bird (2004), the 
number of observation points with bed scour along a 50 Wb transect was typically low, but 
variable according to physiographic region, BEC zone and stream type.  Assuming one 
observation per length of channel equal to channel width, for a length of channel equal to fifty 
channel widths, Proper Functioning Condition is rated as follows: 
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Table A2-3. Bed scour in relation to Proper Functioning Condition in BC, by physiographic 
region, BEC zone productivity, and channel type.  Numbers are the percent of 
observations where bed scour is expected at 50 points along a 50 Wb long stream 
transect.  

   Functional Condition 

Physiography BEC Zone 
productivity 

Channel 
type 

Functional, 
proper condition 

Functional, 
at risk 

Functional, 
at high risk 

Non-
functioning 

       
Mountain High Pool-riffle <13 14-18 19-28 >28 

“ “ Step-pool <19 20-24 25-34 >34 
“ Low Pool-riffle <13 14-18 19-28 >28 
“ “ Step-pool <11 12-14 15-22 >22 

Plateau High Pool-riffle <7 8-10 11-16 >16 
“ “ Step-pool <13 14-16 17-24 >24 
“ Low Pool-riffle <9 10-11 12-16 >16 
“ “ Step-pool <7 8-9 10-12 >12 
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Channel Depth Variability 

Question: 
In streams with riffle-pool or step-pool morphologies, is channel depth relatively uniform 
throughout the longitudinal profile, or are there alternating deep and shallow sections of channel? 

Indicator: 
The indicator is the number of pools present along the thalweg.   

Rationale: 
The variation in channel depth represented by relatively deep pools and shallow riffles or rapids 
is effected by local sediment supply. For example, as a channel aggrades, riffles extend 
longitudinally into pools and/or pools become filled with sediment. In contrast, as a channel 
degrades the bed becomes progressively unstructured as sediment stored in riffles, rapids, stone 
lines, and steps is scoured downstream. In both cases, the result can be a reduction in relatively 
deep or shallow sections of channel (i.e., channel depth is uniform), a reduction in the number of 
pools along a reach, and a reduction in the amount of productive fish habitat.  Measurement of 
pool frequency is quantifiable and repeatable given a relatively low flow-stage. 

Field Procedures: 
Count the number of pools present over a longitudinal transect of stream length equivalent to 50 
channel bankfull widths (as previously described), The presence of a pool is determined at each 
survey interval as a surrogate of depth variability.  Pools are identified at low flow as areas of 
relatively slow, sub-critical flow lacking small-scale hydraulic jumps or free-surface instabilities 
(as defined by Grant et. al. 1990). Pools are identified only if pool length is greater than 0.5 
bankfull widths.  Backwater pools are not enumerated, and if a pool extends beyond one bankfull 
width and into the next survey interval, it is only counted once.  Since the indicator (number of 
pools) is stage dependent, data should be collected during low flow periods only. 

Scoring: 
For the streams inventoried by Hogan (1989), Hogan and Bird (1998) and Bird (2004), the 
number of pools present in unlogged streams did not vary according to physiographic region, 
biogeoclimatic zone or stream channel type.  For a channel transect equal to 50 Wb in length, 
Proper Functioning Condition is rated as follows: 

• 8 or more pools = Proper Functioning Condition; 
• 6-7 pools = Functioning, but at Risk; 
• 3-5 pools = Functioning, but at High Risk; 
• <3 pools = Non Functioning. 
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Logjam Frequency 

Question: 
Are logjams more frequent or less frequent than expected in a stream not subjected to forestry or 
other developments? 

Indicator: 
The indicator is the frequency of logjams. 

Rationale: 
In the absence of any post-logging landslides, logging debris will usually enter the stream channel 
during or immediately after logging and operations. Generally, logging debris contains slash, 
bark, and LWD pieces with detached root wads that are easily floated downstream at high flows 
and can accumulate into logjams. Newly formed logjams, especially those formed with logging 
debris, are usually effective sediment traps and relatively impermeable to sediment transport, and 
can adversely affect fish habitat in the short-term  (i.e., < 10 years).  Following streamside 
logging, logjams may become larger and more frequent (especially in riffle-pool streams), or 
smaller and more frequent (especially in step-pool streams). 

Field Procedures: 
Over a longitudinal transect of a stream length equivalent to 50 channel bankfull widths (as 
described above), count the number of logjams encountered.  Log jams are identified after Hogan 
(1989) but only included those jams that span at least half the bankfull width of the channel, are 
solid with only minor voids existing between logs, and are anchored to the bed. In addition, jam 
size is truncated at 0.01 m3/m2. Details are given in Hogan and Bird (1998). 

Scoring: 
For the streams inventoried by Hogan (1989), Hogan and Bird (1998) and Bird (2004), the 
number of log jams in unlogged streams varied by physiographic region only (mountains or 
plateaus).  For a channel transect equal to 50 Wb in length, Proper Functioning Condition is rated 
according to the number of logjams present as follows: 

Table A2-4. The number of log jams present in relation to Proper Functioning Condition in 
BC, by physiographic region, BEC zone productivity, and channel type.  
Numbers are the number of jams present along a 50 Wb long stream transect.  

   Functional Condition 

Physiography BEC Zone 
productivity 

Channel 
type 

Functional, 
proper condition 

Functional, 
at risk 

Functional, 
at high risk 

Non-
functioning 

       
Mountains  High/Low All 3-6 2, 7-8 1, 9-11 0, >11 
Plateaus “ “ 2-3 1, 4 0, 5-6 >6 
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Woody Debris Load 

Question: 
Has the woody debris budget for the stream been altered as a result of logging or stream 
cleaning? 

Indicator: 
The indicator is the number of times woody debris is recorded at intervals equal to one Wb in 
length along a 50 Wb long longitudinal transect. 

Rationale: 
Streambank logging can alter the LWD budget of a stream by changing the size and amount of 
LWD pieces delivered to the channel.  These changes can occur if the transfer of large trees from 
the riparian area to the channel is interrupted following logging operations.  These changes can 
also occur if existing LWD pieces are salvaged from the channel and/or logging debris is 
delivered to the channel during logging operations. Overall, this can result in an increase in LWD 
volume (e.g., logging slash) or a decrease in LWD volume (LWD salvage and/or a reduction in 
supply). Changes in LWD cover and quality can severely affect fish habitat. 

Field Procedures: 
Over a longitudinal transect of a stream length equivalent to 50 channel bankfull widths (as 
described above), record the presence or absence of LWD at each survey interval as described 
previously.  LWD includes all functional and non-functional wood found along the channel.  This 
includes logs suspended above the channel by one or both bank tops. 

Scoring: 
For the streams inventoried by Hogan (1989), Hogan and Bird (1998) and Bird (2004), the 
presence of woody debris in unlogged streams varied according by high and low productivity 
BEC zone only.  Assuming one observation per length of channel equal to channel width, for a 
length of channel equal to fifty channel widths, Proper Functioning Condition is rated as follows: 

Table A2-5. Woody debris frequency in relation to Proper Functioning Condition in BC, by 
physiographic region, BEC zone productivity, and channel type.  Numbers are the 
percent of observations where woody debris is recorded at 50 points along a 50 
Wb long stream transect.  

   Functional Condition 

Physiography BEC Zone 
productivity 

Channel 
type 

Functional, 
proper condition 

Functional, 
at risk 

Functional, 
at high risk 

Non-
functioning 

       
Mountains High All 16-26 14, 28-32 10-12, 34-40 <10, >40 
or Plateaus Low “ 26-42 18-24, 44-52 10-16, 54-66 <10, >66 
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Streambed Moss Cover 

Question: 
Is there a healthy growth of moss on the stream substrates as would be expected from the channel 
type and setting? 

Indicator: 
The indicator is moss cover category: little or lacking (1), occasional (2), frequent (3), or 
abundant (4). 

Rationale: 
A healthy growth of moss on stream channel substrates and in-stream LWD indicates clean water, 
stable flows and bedload, and adequate shading and nutrient levels.  It is an indicator that is also 
easily observed and categorized into cover classes under most conditions.  Forest practices and 
grazing activities can disturb the streambed and reduce the moss cover on stream substrates 
directly (e.g., trampling, skidding, and yarding) or indirectly (e.g., water diversions, increased 
sediment loads, reduced shading, siltation, increased turbidity, and increased scouring). 

Field Procedures: 
Moss typically grows in patches on the stable substrates of riffles.  At 5-6 evenly spaced riffles 
along a length of stream equal to 100m or 50Wb, whichever is greatest, record the relative 
abundance of moss patches as lacking (0), little (1), occasional (2), frequent (3) or abundant (4).  
This indicator is difficult to translate into rigorous quantitative categories.  Professional 
judgement is required based on site conditions and reference to reaches in unmanaged adjacent 
sites.  Overall moss abundance is the average of all individual estimates of abundance.  

Scoring: 
The following scoring scheme is tabled for field-testing.  Each mean score should be rounded to 
the nearest integer to determine average abundance. 

• Frequent or abundant = Properly Functioning Condition 
• Occasional  = Functioning but at Risk 
• Little = Functioning but at High Risk. 
• Lacking = Non Functioning. 
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Substrate Embeddedness 

Question: 
How much of the channel bed is covered or embedded in fine-textured sediment? 

Indicator: 
The indicator is the relative proportion of the channel with fine-sediment infilling of the substrate 
matrix.  Consider the interstitial spaces of the stream substrate that are infilled with fine gravel or 
finer material (sand) such that the subsurface habitats are unusable by juvenile fish or stream 
invertebrates.  Also consider the compactness of the sediment deposit.  

Rationale: 
A change in sediment supply can lead to channel aggradation or degradation.  If the sediment 
supplied is fine textured, it can lead to harmful impacts on inter-substrate fish and invertebrate 
habitats by filling the streambed matrix zones.  Estimation of the degree of embeddedness is 
difficult but the ecological importance of the fine textured fraction of the channel bed sediment 
warrants its inclusion. 

Field Procedures: 
Four statements are considered for routine assessments of whether benthic substrate quality for 
fish spawning and rearing has been adversely affected by fine sediments (i.e., sands): 

1) Wetted riffle bed areas that a stick or heel can be easily pushed into are absent; 

2) Recent fine sediment deposits that blanket the substrates in flowing water are absent; 

3) The sides of gravels and cobbles can generally be seen touching each other, i.e., individual 
gravels and cobbles are not embedded in a matrix of sand or finer size particles; 

4) Insects use the undersides of rocks in riffles. 

By recording “yes” or “no” answers to each statement at a number of riffle transects along a 100-
m long (or 50 Wb section, whichever is greatest), the frequency distribution of “yes” and “no” for 
each statement can be used to categorically assess Properly Functioning Condition. 

Scoring: 
This following scoring scheme on the relationship between substrate embeddedness and Properly 
Functioning Condition is tabled for field-testing.  Each mean score should be rounded to the 
nearest integer.  

• 4 “Yes” answers (i.e., 0 “No” answers) = Properly Functioning Condition; 
• 3 “Yes” answers (or 1 “No” answer) = Functioning but at Risk; 
• 2 “Yes” answers (or 2 “No’” answers) = Functioning but at High Risk; 
• 1 or 0 “Yes” answers (3 or 4 “No” answers) = Non Functioning. 
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Benthic Invertebrate Diversity 

Question: 
Is there a healthy diversity of benthic invertebrates present? 

Indicator: 
The indicator is a simple count of the visibly different aquatic invertebrate taxa present in a kick 
sample (from a streambed) or net sweep sample (from lake or wetland littoral substrate). 

Rationale: 
Like all direct assessments of living organisms, the diversity (i.e., in this case, richness) of the 
benthic invertebrate community is a potentially direct assessment of PFC. Benthic invertebrate 
assessment can be costly and time consuming; therefore, the main challenge for extensive-level 
surveys is to identify suitable methods to collect, analyse, and score benthic invertebrate data.  
Quick visual inspections of 3 – 5 simple samples, ideally with a hand lens, should reveal most of 
the broadly recognisable taxa which would be present, and which represent important functional 
groups within aquatic benthic ecosystems. 

Field Procedures: 
Recommended sample methods include diligent kick samples at 3 − 5 pool-riffle breaks in 
streams, or net sweeps of the aquatic vegetation, shallow open water and substrate surface at 3 − 
5 sites in lakes and wetlands.  Each sample should be examined in the field by placing the 
samples in white trays, examining the sample with a hand lens, and recording the number of 
recognisably different taxa present.  PFC would then be assessed based on the number of 
recognisably different taxa present in all 3 − 5 samples combined.  Field processing will 
underestimate the true number of taxa present, but 3 − 5 samples should capture most of the 
recognisably different taxa present. 

Scoring: 

Finalizing a scoring system will require compilation of a database on invertebrate diversity in 
samples stratified by physiographic region, BEC zone and habitat type in BC, plus field testing of 
the method.  Until then the following ranking is proposed:  

• >7 taxa = Properly Functioning Condition; 
• 6-7 taxa = Functioning, but at Risk; 
• 3-5 taxa = Functioning, but at High Risk; 
• <3 taxa = Non Functioning. 



 

 43

Number of Fish Cover Types 

Question: 
Is the diversity of fish cover present and available to fish indicative of healthy, undisturbed 
streams, lakes, or wetlands? 

Indicator: 
The indicator is the count of broad categories of fish habitat cover.  Basic types of cover include: 
overhanging vegetation within 1 m of the channel surface; overhanging LWD; in-channel LWD; 
stable small woody debris (SWD); stable undercut banks; non-embedded boulders and cobbles 
that are stable at high flows; deep, quiet water; and aquatic vegetation. 

Rationale: 
A diversity of fish cover types is typical of undisturbed aquatic systems with well-developed 
riparian habitats.  Land use practices frequently reduce the number of cover types available; for 
example, when riparian vegetation is reduced or removed altogether, stream banks erode, or 
channels exhibit excessive aggradation or degradation.  Fish cover can be difficult to quantify 
quickly, but the number of different types present can be easily recognized and enumerated.  
Stable, undisturbed aquatic habitats rarely have no cover or only one type of cover present 
including that provided directly from the riparian zone.  Most aquatic habitats have at least three 
types of fish cover present. 

Field Procedures: 
The number of different fish cover types present can be enumerated over the length of the riparian 
zone inspected; e.g., 50 channel bankfull widths. Basic types of cover include overhanging 
vegetation within 1 m of the channel surface, overhanging LWD, in-channel LWD, stable SWD, 
stable undercut banks, non-embedded boulders and cobbles that are stable at high flows, deep 
quiet water, and aquatic vegetation. 

To qualify as meaningful cover, each cover attribute should have at least one dimension equal to 
10% of the width of the stream, wetland or lake.  Thus, only one dimension of the cover in a 1m 
wide channel has to be 10 cm.  In a 10-m wide stream, one dimension of the cover should be at 
least 1 m.  In a 200m wide pond, one dimension of the cover should be 20m.  A strip of 
overhanging vegetation 20m long around the perimeter of the pond would be cover. 

Scoring: 
This following scoring scheme is tabled for field-testing: 

• >3 types of cover = Properly Functioning Condition; 
• 3 types of cover = Functioning but at Risk; 
• 2 types of cover = Functioning but at High Risk; 
• <2 types of cover = Non Functioning. 
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Aquatic Connectivity 

Question: 
Has fish access been maintained to all upstream sites or “off-channel” areas (fisheries sensitive 
zones) that any fish species present in the system would reasonably be expected to use at some 
time of the year as part of their normal migration patterns? 

Indicator: 
The indicator is the presence of blockages or barriers within a channel network, or between main 
stream or lake habitats and fisheries sensitive zones which may contain water only seasonally.  
Logging slash and sediment deposits are examples of impediments to fish movements (see 
Rationale).  Unimpeded access to upstream, tributary, or off-channel areas is characteristic of 
most fish-bearing waters.  Temporary barriers such as beaver dams, logjams, stream diversions or 
avulsions, or landslides that completely block fish movements do occur naturally in fish bearing 
waters.  However, these blockages are usually short-lived.    

Rationale: 
Many aspects of forest harvesting can compromise or block fish access to upstream, tributary, or 
off-channel habitats.  Bridges or culverts can constrict flows and create velocity barriers or 
impassable jumps.  Falling and yarding can introduce excessive debris into aquatic habitats that 
further impede fish passage at road crossings or in stream channels.  Roads that lack drainage 
structures can directly block off-channel areas.  Access to tributaries or off-channel areas from 
the main channel can also be blocked if the streambed degrades as a result of a constriction or 
blockage that impedes sediment movements downstream.  Excessive aggradation may similarly 
block fish access upstream of the blockage due to streambed aggradation and dewatering. 

Field Procedures: 
A standard length of stream and associated riparian habitat will be visually inspected for any 
forestry-related fish blockages to upstream, tributary, or off-channel areas.  In particular, look for: 

• accumulations of logging slash or debris jams; 

• sediment deposits (e.g., from roads or slope failures) that lead to dewatering; 

• roads without adequate drainage structures which cut off seasonal or permanent aquatic 
habitats from the main stream or other principal waterbody; 

• roads or crossings which cover or overlay off-channel areas or critical overland flow areas; 

• isolation of off-channel areas due to channel aggradation or degradation; 

• channel constrictions or blockages at road crossings. 

Total length of stream and riparian habitat to be inspected should be at least 100 m or a distance 
equal to 50 bankfull channel widths, whichever is greatest.  Sections of lakeshore or wetland 
margin studied should be at least 100 m long.  
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Scoring: 
Scoring barriers for Properly Functioning Condition is based on the significance of any of the 
above barriers that does not allow the normal, unimpeded movements of fish, sediments and 
debris, as summarised below.  The most significant barriers are those that completely block 
movements at any or all times of the year.  The next most significant barriers are barriers that are 
partial barriers year around, followed by partial barriers that are barriers only seasonally. 

• No barriers = Properly Functioning Condition; 
• Partial seasonal barrier = Functioning, but at Risk; 
• Partial year around barrier = Functioning, but at High Risk; 
• Complete seasonal or year around barrier = Non Functioning. 
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Deep Rooted Streambanks 

Question: 
Are the root masses of trees, shrubs and grasses on the banks developed enough to withstand high 
stream flows or wave action and allow the development of overhanging banks? 

Indicator: 
The indicator is the percent or proportion of a given length of streambank containing deep-rooted 
plant species. 

Rationale: 
The margins of most waterbodies frequently exhibit varying degrees of bank erosion.  
Howeverthe banks of most streams, lakes, and wetlands in their natural, undisturbed state are 
protected from excessive fluvial erosion or wave action by vegetation with well-developed root 
systems.  Most trees, shrubs, and grasses will serve this function.  These plants also trap 
sediments to build and restore banks.  Herbaceous species such as Kentucky bluegrass are often 
shallow rooted and not effective in binding streambank soils.  Mosses are similarly poor bank 
stabilizers.  Cattle grazing or forest harvesting can reduce or eliminate the amount of deep rooted 
vegetation present on the banks of aquatic habitats, thereby reducing the ability of the banks to 
withstand erosion through fluvial erosion or wave action. 

Field Procedures: 
Percent of the banks protected by deep rooted vegetation is estimated by recording the length of 
the bank inspected with deep rooting vegetation present within 1 m of the unvegetated edge of the 
bank.  Total bank length inspected should be a standard transect length based on a minimum 
distance equal to 100 m or 50 channel widths, whichever is greatest.   

Scoring: 
The recommended scoring system for percent of bank with deep-rooted vegetation is: 

• >85% = Properly Functioning Condition; 
• 66-85% = Functioning, but at Risk; 
• 35-65% = Functioning, but at High Risk; 
• < 35 % = Non Functioning. 
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Bare Ground 

Question: 
How much of the RMA, by percent or proportion, is bare ground?  

Indicator: 
The indicator is a direct estimation of percent or proportion of bare ground in the Riparian 
Management Area.  Bare ground is exposed soil resulting from the activities of livestock or 
forestry.  For cattle, examples are cattle trails, pugging, hummocking, trampling, and wallows.  
Forestry-related examples include roads, bladed trails, wheel or track ruts, gouges and scalps due 
to yarding, windthrow scars, slides, and slumps.  Wildlife-caused bare ground is not included as 
disturbed, bare ground.   

Rationale: 
Exposed soil is subject to erosion, can contribute to stream bank erosion, reduces sediment 
entrapment, alters rainfall run-off rates, and provides an opportunity for invasion by weeds.  In 
addition to the area immediately adjacent to the stream, wetland or lake in question, the 
assessments should include any exposed ground on adjacent slopes that have a gradient >10 % 
because of the direct hydrologic linkage to the streamside area in question. 

Field Procedures: 
A transect parallel to the stream, wetland or lake 10m wide and 100 m or 50 channel widths long 
(whichever is greatest) is used to visually estimate the proportion or percentage of bare, exposed 
ground present.  The approximate contribution of different types of disturbance (e.g., roads, 
windthrow scars, bladed trails, cattle pugging or hummocking, etc.) can also be estimated.  All 
exposed ground within the transect area is included, plus any exposed ground on adjacent slopes 
that have a gradient >10%, and thus are hydrologically linked to the transect sample.  In 
calculating the percentage of exposed ground present, total bare ground area in the transect area 
and other hydrologically linked areas is expressed as a percentage of transect area. 

Scoring: 
The same scoring used by the “Montana” method to assess Properly Functioning Condition is 
recommended, as follows: 

• <1% = Properly Functioning Condition; 
• 1-5% = Functioning, but at Risk; 
• 6-10% = Functioning, but at High Risk; 
• >10%, Non Functioning. 
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Vegetative Cover 

Question: 
Is there enough vegetative cover (grass, shrubs and trees) to reduce erosion from rainfall? 

Indicator: 
The indicator is percent vegetative cover present in planview at pre-determined points along the 
length of a standard transect in the RMA on one side of a stream, wetland, or lake.  Vegetative 
cover is not the inverse of bare ground, but the inverse of bare ground directly exposed to the sky.  
The latter may sometimes be easier to quantify than vegetative cover. 

Rationale: 
Vegetative cover includes the trees, shrubs and grasses in riparian areas that moderate the direct 
impacts of rainfall on exposed soils.  Trees and shrubs also supply food and habitat for terrestrial 
and aquatic invertebrates, both of which are critical food sources for many vertebrates, including 
fish.  Vegetative cover by trees, shrubs and grasses along streams, wetlands, and lakes can be 
reduced by harvesting or intensive cattle grazing. 

Field Procedures: 
Percent canopy cover and ground cover can be estimated at pre-determined points along the 
length of a standard transect in the riparian zone on one side of a stream, wetland, or lake.  The 
transect is located a standard distance (e.g., 3-5 m) from the edge of the rooted vegetation, and 
should be 100 m long or 50 bankfull channel widths, whichever is greatest. 

Percent canopy cover at each point can be estimated by comparison with standardized 
percentage-cover cards.  Vegetative over is considered to be 100% within the area circumscribed 
by the foliage (i.e. the “dripline”) of any single tree or shrub.  Those patches of the sky that are 
not intercepted by the outer driplines of any trees or shrubs represent areas that lack canopy 
cover.  If the ground beneath the open canopy is also exposed soil, then the estimated canopy 
cover is the percent total vegetative cover.  If the ground beneath open areas is vegetated with 
shrubs or grasses, then that is included as vegetative cover.  Areas that lack shrubs or trees but are 
completely covered with an erosion resistant grass or other vegetation have 100% vegetation 
cover.  Areas that lack ground cover, but are completely covered with a dense canopy also have 
100% vegetative cover.  

Scoring: 
Score vegetative cover for Properly Functioning Condition as per the Montana method, as 
follows: 

• >95% = Properly Functioning Condition; 
• 86-95% = Functioning, but at Risk; 
• 75-85% = Functioning, but at High Risk; 
• <75% = Non Functioning.  
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Shade Cover  

Question: 
Has sufficient riparian canopy and understorey vegetation been retained to provide shade and 
minimise bank microclimate change? 

Indicator: 
The indicator is average percent shade cover along the stream, lake or wetland edge.   

Rationale: 
Shade cover in riparian habitats is critical on sunny days for moderating air temperatures, and 
maintaining soil moisture levels.  Like vegetative ground cover or canopy cover, shade cover 
varies with plant species, plant height, and plant density.  However, unlike canopy or ground 
cover, shade cover is also sensitive to time of year, aspect and latitude because it includes a 
lateral measure of light penetration by the direct rays of the sun.  To fully evaluate the 
effectiveness of riparian vegetation in keeping air temperatures and soil moisture conditions at 
managed or developed sites similar to undeveloped sites, shade cover needs to be measured as 
well as canopy cover or ground cover. 

Field Procedures: 
Percent shade cover should be estimated at the edge of the stream at pre-determined intervals 
over a segment of stream equal to100-m or 50 Wb, whichever is longest.  Since protection from 
the sun is the main concern, estimates or measurements of shade cover should be made for east, 
south and west aspects only, with the most importance on the west (late afternoon) aspect.  While 
shade could be measured at many angles depending on latitude, the time of year or the time of 
day, for the sake of consistency a 45-degree angle is recommended here for each aspect.  
Standing approximately 2m from the measurement point toward the direction of the 
measurement, an angular canopy densiometer could be used to obtain measurements of shade.  
Alternatively, shade could be estimated visually by comparison with standardized percentage-
cover cards.  

Scoring: 
Overall percent shade cover is the average of the percentages estimated at each point.  Since we 
are unaware of any published relationships between shade cover and Properly Functioning 
Condition, we recommend the same scoring scheme that has been developed and tested for 
vegetative cover, as follows: 

• >95% = Properly Functioning Condition; 
• 86-95% = Functioning, but at Risk; 
• 75-85% = Functioning, but at High Risk; 
• <75% = Non Functioning. 
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Appendix 3 - Other Potential Indicators 
 
 

Field Assessment Questions, Indicator Descriptions, Rationale,  
Field Procedures and Suggested Scoring 
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LWD Supply by (a) Riparian Reserve Width and (b) Level of Tree Retention  

Question: 
Has a supply of LWD to the channel been maintained? 

Indicator: 
The indicator is the condition of the LWD supply corridor in the adjacent riparian area.  
“Condition” refers to the presence of any harvesting (relative to the level of retention) in the 
corridor.  Riparian sources for LWD depend upon the width of the riparian reserve zone (RRZ), if 
a reserve is required for the stream class (or implemented even where no mandatory RRZ is 
required), and (or) the level of tree retention in the riparian management zone (RMZ). 

Rationale: 
LWD supply from the riparian area occurs through bank erosion and tree mortality. If a channel is 
decoupled from surrounding hillslopes (i.e., there are no landslide inputs of LWD) and if the 
channel is relatively narrow and low in stream power (i.e., there is no input of LWD from 
upstream reaches), then the riparian area will be the source of all LWD supplied to the channel.  
The volume of LWD supplied from this zone to a given channel is a function of tree height, 
diameter, species, stems per hectare, rate of bank erosion, and distance from the streambank.  The 
first five factors have been generalized for each biogeoclimatic zone to establish average supply 
corridors (distances from the streambank) that maintain a given volume of LWD supplied to a 
channel. 

Field Procedures: 
Over a longitudinal transect of a stream length equivalent to 50 channel bankfull widths (as 
described above), measure the width of the riparian supply corridor at every fifth survey interval.  
This corridor may or may not include a reserve zone immediately adjacent to the stream channel 
depending on the FRPA riparian class of the reach. 

Extend a fibre tape normal to the channel, starting from the banktop and extending into the 
riparian area, for approximately 20m (actual distance will vary with biogeoclimatic zone).  
Identify the presence of any harvesting encountered along the riparian transect and record the 
distance where management activities begin.  Estimate the level of retention (if any) as a 
percentage of total stems along the managed portion of the riparian transect. 

Scoring: 
Tentative scoring is summarized in table A2-6. 

Table A2-6. LWD supply in relation to Proper Functioning Condition in BC, by physiographic 
region, BEC zone productivity, and channel type.   

  Functioning Condition 
Indicator Measure Proper At risk At high 

risk 
Non 

functioning 
      
LWD supply (1) with reserves, width of reserve 

zone in meters 
(2) with management zones only, % 

of retention recommended in 
RMAG BMPs 

>10 
 

>75 

4-10 
 

50-75 

1-3 
 

25-49 

<1 
 

<25 
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Sediment Variability  

Question: 
Is the texture of the sediment covering the channel bed highly variable (e.g., ranging from sand to 
cobbles) or homogeneous (e.g., extensive coverage of gravel)? 

Indicator: 
A common feature of streams that have been disturbed by altered sediment supply and/or LWD 
supply from either the riparian zone, upstream, or both is a noticeable reduction in the sizes of 
sediment exposed on the streambed surface.  Although the determination of fluvial sediment 
texture distributions is difficult and labour intensive, measurement of the apparent largest stone 
moved during flood flows, commonly referred to as the “D95”, can be rapidly and consistently 
accomplished by different field workers. 

Rationale: 
Sediment texture variability decreases when sediment supplies to the stream are altered.  
Variability decreases when the sediment load increases, and the channel aggrades (the textural 
distribution is narrowed, usually becoming finer).  Similarly, the variability also decreases when 
the sediment supply decreases and causes the channel to degrade, which results in the streambed 
becoming progressively coarser.  Measurement of the D95 is quantifiable and repeatable. 

Field Procedures: 
Over a longitudinal transect of stream length equivalent to 50 channel bankfull widths (as 
previously described), stop at each survey interval and measure the b-axis diameter of the largest 
stone moved by fluvial processes. To determine the size of the largest sediment particle on the 
channel bed: 

• Measure the b-axis (intermediate length) diameter of the biggest visible stone. Refer to Figure 
4 of the BC Forest Practices Code Field Guidebook Channel Assessment Procedure (Anon 
1996) for additional information. 

• Measurement need be to the nearest 10%.  For instance, if the largest stone is 1m in b-
diameter, then measurement to ±10 cm is appropriate.  If the largest stone is 10 cm, then the 
measurement should be ±10 mm. 

• The largest stone does not include large lag boulders deposited during periods with very 
different stream flow regimes (e.g., immediately post-glacial) or those that have fallen into 
the channel from surrounding glacial moraines or colluvial fans/cones. 

• The largest stone should not be covered in old moss and organic stains and should be rounded 
or sub-rounded but not angular.  It should have evidence of movement by flowing water 
during the past few decades.  It should also be incorporated into the channel bed (other 
sediment knitted around the larger stones) and not be an isolated stone distinctly different 
than all others in the near vicinity (within several bankfull channel widths upstream and 
downstream). 

Sediment sizes are then grouped into size classes as described in Table A2-7. 
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Table A2-7.  Sediment size classification following the Wentworth system. 

Sediment texture Wentworth size class (mm) 
Boulder > 256 
Cobble 64 – 256 

Medium and coarse gravel 8.0 – 64 
Fine gravel 4.0 – 8.0 
Granules 2.0 – 4.0 

Very coarse sand 1.0 – 2.0 
Coarse sand 0.5 – 1.0 

Medium sand 0.25 – 0.5 
Fine sand 0.064 – 0.25 

Silt and finer < 0.064 
  
 
 
Scoring: 
The recommended scoring is tentatively as follows: 

• 75% of values in >2 classes = Proper Functioning Condition; 
• 75% of values in 2 classes = Functioning, at Risk; 
• 75% of values in 1 size class = Functioning, at High Risk; 
• 100% of values in 1 size class = Non Functioning. 
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Periphyton Abundance/Diversity 

Question: 
Is there a healthy diversity of benthic algae (periphyton) present? 

Indicator: 
Chlorophyll A concentration is the best measure of algae activity and waterbody health, followed 
by ash-free dry weight from standardised algae collections. 

Rationale: 
Periphytic algae have a long history of use as biological indicators.  The main issues concern the 
most efficient methods for collecting, analysing, and scoring the periphyton data for riparian 
effectiveness evaluations.  

Field Procedures: 
Periphyton can be easily collected from hard surfaces with a toothbrush head mounted on the 
plunger of a large syringe.  Other simple methods are also available for sampling the fine 
sediments layers typical of wetlands or lakes.  Composite samples can be quickly collected at 
separate pre-determined sites, and preserved for later analysis of taxonomic diversity, biomass or 
ChlA (a measure of live algae) level by commercial labs or contractors.  

Final assignation of taxa number, biomass or Chl A level to riparian functioning condition could 
be based on expert opinion combined with thresholds derived from available literature.  A 
conservative approach should be taken initially, followed by a reassessment of the scoring after 
all other indicators have been compiled.  Scoring remains to be developed, but its applicability 
will depend on how widespread the data is in BC and how readily available the information is.  
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Fish Abundance 
Question: 
In fish bearing streams, are the numbers of resident fish present within expected limits, and 
indicative of healthy, undisturbed stream ecosystems? 

Indicator: 
Numbers of fish per second of electrofishing or meter of stream electrofished are indicators of 
fish abundance.  Either measure is an expression of Catch Per Unit Effort (CPUE).  Where 
conditions permit or logistically possible, fish abundance can also be assessed directly with a 
snorkel survey (preferably at night) or indirectly with suitable census techniques (e.g. Petersen-
type mark recapture experiments or Seber-type removal estimates).  Resident fish are the 
preferred species because their numbers are more directly linked to riparian condition.  
Anadromous fish numbers by comparison are often the result of external factors such as early 
marine survivals or commercial fishing pressure. 

Rationale: 
Estimates of fish abundance are direct assessment of riparian Properly Functioning Condition 
because salmonid fish require cool, high quality water and stable, complex habitats that are 
dependent on riparian habitats in Properly Functioning Condition.  

Field Procedures: 
Much or most of the fish sampling in small streams in BC is done with backpack-type 
electroshockers at frequencies of 60-90 Hz, a pulse width of 4 – 8 ms, and voltages of 300 – 
500V.  Wading depth for fishing is in most cases less than 0.5 m.  Sampling times are mainly 
during summer and autumn.  The electrofisher settings and conditions listed here are the settings 
recommended here for assessing fish catch per unit of sample effort.  The minimum sample effort 
recommended is 100 m of stream length or 300 seconds of electroshocking, whichever is greatest.  

Scoring: 
Scoring for CPUE can be rigorously developed for BC by channel type, BEC zone and 
physiographic region from the large data sets available on electrofishing CPUE in FDIS, a 
database that developed for the many 1:20,000 Reconnaissance Level Fish and Fish Habitat 
Inventories undertaken under Forest Renewal BC.  With some extra effort, the data can also be 
analysed in relation to PFC.  For now, the following catches per 100 seconds of electrofishing are 
suggested for use in field tests (based on CPUE data from 48 fish bearing sites in 1:20,000 
Reconnaissance Level Fish & Fish habitat inventories of the Memekay and Benson river 
drainages on north Vancouver Island).  Most of the sites (.90%) involved resident fish only.  Data 
were normalized with a log transformation.  Upper and lower limits for each class of riparian 
functioning condition was based on the mean CPUE (3.4) minus 0.5, 1.0 and 2.0 standard 
deviations about the mean, respectively.  The upper value for Non functioning (0.7 fish per 100 
seconds of electroshocking) is the mean catch minus two standard deviations. 

• >2.3 fish/100 seconds of electroshocking = Properly Functioning Condition; 
• 1.4-2.3 fish/100 seconds of electroshocking = Functioning, but at Risk; 
• 0.7-1.3 fish/100 seconds of electroshocking = Functioning but at High Risk; 
• <0.7 fish/100seconds of electroshocking = Non Functioning. 
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Plant Vigor 

Question: 
Has the vigor of the plants in the riparian zone decreased as a result of forest harvesting or cattle 
grazing? 

Indicator: 
The indicator is a standardised plant vigor index for ecological sites.   

Plant “vigor” is a measure of plant health that is usually easily recognized but frequently difficult 
to quantify because of the wide variety of symptoms indicative of poor plant health (e.g. changes 
in height, biomass, new growth, colour, turgidity, leave integrity, stem integrity, brittleness, 
reduced growth rates, etc.).  Excessive browsing or foraging can directly reduce plant vigor.  
Plant vigor can also be reduced indirectly if soil moisture characteristics are altered by forest 
practices within or adjacent to the riparian zone.   

Rationale: 
Plant vigor is a good indicator because it can be directly related to management practices in or 
adjacent to the riparian area.  An index for plant vigor is available in standard published methods 
for describing ecological sites, complete with a general description of each vigor class. 

Field Procedures: 
Assess plant vigor at 5 – 10 standard plots along a linear transect in the riparian zone.  The 
recommended length of the transect is 100 m or a length equal to 50 channel widths, whichever is 
greatest.  Use four classes to describe plant vigor at each plot as follows: 1 = species dead, 2 = 
vigor poor, 3 = vigor fair, 4 = vigor good to excellent.  Overall plant vigor for the riparian zone is 
the average of all individual plots, rounded to the nearest integer. 

Scoring: 
The proposed scoring scheme recommended for assessing plant vigor and Properly Functioning 
Condition is as follows.   

• Plant vigor good to excellent (4) = Properly Functioning Condition; 
• Plant vigor fair (3) = Functioning, at Risk; 
• Plant vigor poor (2) = Functioning, at High Risk; 
• Plants dead (1) = Non Functioning. 
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Increaser-Invader Species 

Question: 
Has there been an increase in the number of disturbance-related increaser-invader plants 
present? 

Indicator: 
The indicator is the percent of ground area in riparian areas that is occupied by disturbance 
increaser-invader species. 

Rationale: 
Increaser-invader species are native or introduced plants that are typically absent, or present in 
low numbers, in undisturbed habitats.  Populations of these species can become more prevalent 
with certain kinds of disturbances, including grazing.  Examples are Kentucky bluegrass and 
dandelions.  Other species include red alder or fireweed.  These plants may indicate a trend away 
from PFC or the Natural Plant Community in riparian areas.  Most of these species provide less 
soil holding and sediment trapping capability and less desirable forage and wildlife value than the 
species typical of the Natural Plant Community.  Noxious weeds counted in the previous 
indicator are not reconsidered here.” 

Field Procedures: 
Percent cover by disturbance increaser-invader vegetation is assessed by estimating the cover 
class in the riparian zone over the area of riparian zone inspected.  A transect 5 m wide by 100 m 
long (or 50 channel widths long, whichever is greatest) is recommended. 

Scoring: 
The scoring recommended on Properly Functioning Condition for Percent cover by increaser-
invader species is from the BC Forest Practices Board Report (2002), “Effects of Cattle Grazing 
near Streams, Lakes and Wetlands”, as follows: 

• <5% = Properly Functioning Condition; 
• 5-25% = Functioning, but at Risk; 
• 26-50% = Functioning, but at High Risk; 
• >50% = Non Functioning.  
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Windthrow 

Question: 
Has the amount of windthrow been effectively minimised in reserve zones or management zones 
where there is no reserve zone? 

Indicator: 
The indicator is the percentage of trees that are wind thrown in the reserve zone or the 
management zone if there is no reserve zone.  

Rationale: 
One of the main objectives of a riparian management zone is to protect riparian reserves from 
excessive windthrow.  The amount of windthrow present is therefore a direct indicator of how 
successful or effective the management zone is in protecting riparian reserves.   

On habitats that lack riparian reserves, management zones are mainly for retaining key wildlife 
habitat attributes characteristic of natural riparian systems, providing some shade to reduce bank 
microclimate changes, and maintaining bank and stream stability.  In these cases, windthrow is a 
direct indicator of management success (or failure).  If trees that were to remain standing blow 
over, then it is likely that key wildlife attributes will be disrupted.  If windthrow is extensive, then 
there is also a good chance that the integrity of the stream and streambank environment is also 
compromised.  Unlike unspecified wildlife attributes or forest structure, other indicators are  

Field Procedures: 
The occurrence of windthrow is usually obvious and unmistakable to field observers.  Windthrow 
is also very quantifiable and repeatable.  In most cases, the number of windthrown and standing 
trees can be counted directly along a transect through the riparian area for an estimate of overall 
percent windthrow.  Where the length or width of the riparian area is too large to satisfactorily 
count all trees, short segments spaced along the transect could be sampled to estimate percent 
windthrow along the entire transect.  Total transect length recommended is 100m or a distance 
equal to 50 Wb, whichever is greatest. 

Scoring: 
A rigorous scoring method cannot be recommended at this time because there are no direct 
relationships between percent windthrow and the impacts on Properly Functioning Condition as 
defined here.  While the amount of windthrow present may be a direct measure of riparian 
management effectiveness, there is no clear link between the amount of wind throw and Properly 
Functioning Condition.  Riparian impacts due to windthrow (bare ground, eroded banks, stream 
blockages, introduction of fines, forest structure) can be assessed with more direct indicators.  

As a general consideration to wildlife attributes and natural forest structure, windthrow in 
reserves, or management zones with important wildlife trees or wildlife tree patches should 
probably not exceed 5% of the trees.  Where there is only a management zone, with no critical 
wildlife trees or wildlife tree patches, wind throw should probably not exceed 10% of the trees. 
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Similarity to the Desired or Natural Plant Community 

Question: 
Is the existing riparian plant community the same as or similar to the Desired Plant Community? 

Indicator:  
Index of similarity to the “Desired Plant Community” as specified for the vegetation site series. 

Rationale: 
Maintenance or encouragement of the Desired Plant Community (DPC) is a key objective of 
almost all Range Use Plans.  In most cases, the desired DPC is the same as the Natural Plant 
Community (NPC) as specified for the site series.  Maintenance of forest structure for the NPC is 
often also the goal of RMA objectives where maintenance of satisfactory LWD supply and 
CWD attributes is desired.  As an indicator it is assumed that the DPC or NPC best 
approximates what is required to maintain Properly Functioning Condition of riparian 
zones. 

Field Procedures: 
Assess plant community composition and structure according to standard procedures at 5 – 10 
plots that are systematically located along a linear transect in the riparian zone.  Recommended 
length of each transect is 100 m or a length equal to 50 channel widths, whichever is greatest.  
Overall plant community composition and structure is the average of the 5 − 10 plots. 

Scoring: 
Range Use target conditions in Tables 17-19 of the BC Forest Practices Code RMA Guidebook 
were consulted for guidance on scoring.  Tables 17 – 19 on target conditions for range use of 
riparian areas in the RMA Guidebook provide information on DPC for wetlands and moist 
riparian habitats only, not streams.  To assess PFC, the target for DPC at the wetlands is 
recommended for the riparian areas adjacent to all other aquatic habitats.  The target is stated as 
follows: “Vegetation structure and composition should be at least 75 % similar to the DPC”. 

From the target conditions for moist riparian habitats, the guidebook further states that “areas 
with vegetation less than 50 % similar to the DPC should not occupy more than 10 % of the range 
habitat unit DPC”.  Consistent with this recommendation, it may not be appropriate for more than 
25 % of the vegetation composition to be completely (i.e., 100 %) different from the DPC.  The 
same limits are recommended for forest structure, and each is scored separately as a “Yes” or 
“No”.   

For scoring, riparian zones that achieve a “Yes” on both composition and forest structure could be 
scored as Properly Functioning Condition (= 4).  Riparian zones that are “No” on achievement of 
DPC and natural forest structure could be scored as Non Functioning (=1).  Where DPC is 
maintained but forest structure is not maintained, or vice versa, an intermediate score could be 
assigned depending on the relative importance of each attribute to the riparian zone.   
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Forest Connectivity  

Question: 
Is the riparian habitat well integrated with or physically connected with other undisturbed riparian 
areas and upland areas? 

Indicator: 
The indicator is an index of connectivity to rank the degree of forest fragmentation (see scoring 
below). 

Rationale: 
To be fully effective, management of riparian areas should be well integrated with or physically 
connected with other undisturbed riparian and upland areas.  Riparian connectivity should be 
assessed and reported on if overall riparian effectiveness is being evaluated.  Achieving 
connectivity is an important objective of the FPC Biodiversity Guidebook. 

The use of connectivity as an indicator of PFC requires further testing for developing 
measurement and scoring protocols.  The definition of a forest break also needs to be developed 
given that breaks vary according to the dispersal abilities of animals and plants.  Breaks that 
prevent or reduce the ability of the least mobile organisms impacts on connectivity and PFC.  
Aquatic habitat type may also be an important factor.  For example, streams may be an important 
dispersal route for some organisms, but lakes and wetlands may be an obstacle to the same 
species. 

Field Procedures: 
No existing methods are available that measure or quantify connectivity, but connectivity might 
be studied analogously to fish passage.  For example, a single road could represent a given level 
of blockage or break in connectivity, a second road and adjacent cutblock another type of break, 
and a road and adjacent cutblocks on both sides of the stream a third type.  Adjacency could be 
defined as locations within 100-200 m of a stream, at which point interior forest conditions are 
compromised.  Similar criteria could be applied for disturbed areas upstream and downstream of 
the stream reach in question. 

This landscape-level concept requires further development to systematically define 
fragmentation.  It is suggested that connectivity be should be recorded for each site, but this 
information is presently not considered mandatory for field surveys.  Data on connectivity or 
riparian fragmentation could just as easily be collected from GIS-linked data. 

Scoring: 
The following scoring system is suggested for field tests. The riparian feature in question is 
modelled as a four-sided polygon.  

Properly Functioning Condition - no significant openings adjacent to riparian habitat, mainly 
interior forest conditions on all sides of riparian habitat, only one minor road crossing in the 
riparian zone (i.e. no breaks in connectivity); 

Functioning, at Risk – one crossing plus one opening on no more than 50% of one side, interior 
forest conditions still present on opposite side (1 – 2 breaks in connectivity) 
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Functioning, at High Risk – no interior forest conditions adjacent to riparian zone, plus one 
break (road) across riparian zone (3 breaks in connectivity) 

Non Functioning - no interior forest conditions adjacent to riparian zone, plus breaks (roads or 
openings) above and below riparian zone (4 breaks in connectivity). 
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Appendix 4 - Overview Evaluation Form 
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Question 1.  Is the aquatic habitat and associated riparian area intact, and free of 
any disturbances attributable to on-site or adjacent forestry activity? 

Yes
θ 

No 
θ 

   
a)  The RRZ is as wide as required, with no evidence of any cattle use or windthrow 

above what would normally be expected in unlogged or ungrazed areas. 
θ θ 

b) Where no RRZ is required, the first 10 m of the RMZ is unlogged, with no cattle use 
and no evidence of any windthrow above what would normally be expected in 
unlogged areas.  

θ θ 

c) There are no unusual or unexpected breaks in the canopy cover of the RMA.  θ θ 
d) There are no roads or trails present within the RMA, nor any stream crossings. θ θ 
e) There is no evidence of any ground disturbance, or exposed mineral soil in the RMA, 

or any adjacent area outside the RMA that is hydrologically linked to the RMA.  
θ θ 

   
If answer is “No” to 1 or more statements, check the “No” box for Question 1, 
then go to Question 2 and do a closer inspection..  Otherwise, go to the next site. 

  

   

   
Question 2.  Are the changes in the RMA noted in Question 1 of a minor nature, 

sufficient to consider the RMA treatment effective? 
Yes

θ 
No 
θ 

   
a) The amount of windthrow present accounts for < 5 % of the trees still standing. θ θ 
b) None of the windthrow involves trees considered to be wildlife trees, or trees close to 

the edge of the stream. 
θ θ 

c) None of the windthrow has entered a stream channel, or increased the amount of 
stream bank or side slope disturbance present. 

θ θ 

d) Any ground disturbance or exposed mineral soil present is minor (< 1 % of the RMA), 
none of which appears to be directly linked to the aquatic habitat. 

θ θ 

e) Roads or trails within the RMA are confined to the outer edge of the RMA, with no 
evidence of any slides, sloughing, rilling or sediment delivery to the aquatic habitat. 

θ θ 

f) There are no off-channel areas evident that may be cut-off from the main habitat by 
roads or trails across the stream or in the RMA. 

θ θ 

g) Channel form within the treatment area (no. of channels, channel width, location and 
size of gravel bars, meander frequency) is generally the same as conditions upstream. 

θ θ 

h) The average size, distribution and quantity of substrates visible in the aquatic habitat is 
generally the same upstream of (streams) or outside (lakes, wetlands) the treatment 
area.  The management activity clearly has not introduced any additional sediment. 

θ θ 

i) The amount, average size and distribution of LWD visible in the aquatic habitat is 
generally the same as upstream (streams) or outside (lakes, wetlands) the treatment 
area.   

θ θ 

If the answer is “Yes” for all statements, check the “Yes” box for Question 2 and 
go to another site.  If the answer is “No” or questionable for any statements, then 
a routine ground assessment is warranted. 
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Appendix 5 - Routine Evaluation Form 
 
The routine evaluations of Proper Functioning Condition for streams and riparian areas 
affected by forest practices asks 14 basic questions, as follows: 
 



 

 65

 

Question 1.  Is the channel bed undisturbed? Yes
θ 

No  
θ 

   
A) Riffle-pool or cascade-pool channels   

a) Less than 50% of the reach has mid-channel bars. θ θ 
b)  Less than 50% of the reach has multiple channels and/or braids.  θ θ 
c) More than 50% of the reach has lateral bars.  θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 1.   

   
B) Step-pool channels   

a) More than 50% of the steps present span the channel either in a perpendicular or 
diagonal orientation relative to the banks. 

θ θ 

b) More than 25% of the steps have moss. θ θ 
c)  Less than 25% of the reach has multiple channels and/or braids. θ θ 
   
If answer “Yes” to 2 or more, check Yes box in Question 1.   

   
C) Steep non-alluvial channels   

a) Over 25% of the channel bed length has some moss on the substrate. . θ θ 
b) The channel has space for storage of sediments and debris; i.e. sediment and/or LWD 

do not fill the channel volume or spill over the banks.  
θ θ 

c) Sediments are not stored in a few relatively large compartments (e.g., wedged behind 
an accumulation of immobile rocks or organic debris..  They are widely distributed 
throughout the channel 

θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 1.   
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Question 2.  Are the channel banks undisturbed? Yes
θ 

No  
θ 

   
A) Riffle-pool or cascade-pool channels   

a) Less than 15% of the shoreline or streambank on one side of the stream is negatively 
affected by stream flows, windthrow, animals (hoof shear, watering sites, crossings), 
roads, or harvest and silviculture activities.   

θ θ 

b) More than 65% of the bank area immediately adjacent to the channel has deeply rooted 
vegetation.   

θ θ 

c)  More than 50% of the reach length has overhanging or undercut banks.   θ θ 
d)  Less than 10% of the reach length has upturned rootwads (wind thrown) along the 

channel banks. 
θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 2.   

   
B) Step-pool channels   

a) Less than 10% of the shoreline or streambank on one side of the stream is negatively 
affected by stream flows, windthrow, animals (hoof shear, watering sites, crossings), 
roads, or harvest and silviculture activities. 

θ θ 

b) More than 75% of the bank has deeply rooted vegetation. . θ θ 
c) More than 50% of the bank is overhanging or undercut.   θ θ 
d) Less than 25% of the reach length has upturned rootwads (wind thrown) along the 

channel banks. 
θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 2.   

   
C) Steep non-alluvial channels   

a) More than 75% of the bank has deeply rooted vegetation.  θ θ 
b) Less than 10% of the shoreline or streambank on one side of the stream is negatively 

affected by stream flows, windthrow, animals (hoof shear, watering sites, crossings), 
roads, or harvest and silviculture activities. 

θ θ 

c) Less than 25% of the reach length has upturned rootwads (wind thrown) along the 
channel banks. 

θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 2.   
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Question 3.  Are channel LWD processes undisturbed? Yes
θ 

No  
θ 

   
A) Riffle-pool or cascade-pool channel   

a) Most debris jams are old and do not appear to have been freshly deposited.   θ θ 
b) Recently formed debris jams that span the channel occur less than twice every 5 

channel widths.  .   
θ θ 

c) Most debris jams lack logging debris (e.g., branches, treetops, bark, small logs and 
LWD with saw-cut ends)? 

θ θ 

d) Woody debris oriented parallel to the channel banks (particularly small logs and limbs 
with lengths << bankfull channel width) is not abundant.  

θ θ 

   
If answer “Yes” to 3 or more, check Yes box in Question 3.   

   
B) Step-pool channel   

a) Most debris jams are old and do not appear to have been freshly deposited. θ θ 
b) Recently formed debris jams occur less than twice every 5 channel widths.  . θ θ 
c) Most debris jams lack logging debris (e.g., branches, treetops, bark, small logs and 

LWD with saw-cut ends)? 
θ θ 

d) Woody debris oriented parallel to the channel banks (particularly small logs and limbs 
with lengths << bankfull channel width) is not abundant. 

θ θ 

   
If answer “Yes” to 3 or more, check Yes box in Question 3.   

   
C) Steep non-alluvial channel   

a) Most debris jams are old and do not appear to have been freshly deposited. θ θ 
b) Most debris jams lack logging debris (e.g., branches, treetops, bark, small logs and 

LWD with saw-cut ends)? 
θ θ 

c) Woody debris oriented parallel to the channel banks (particularly small logs and limbs 
with lengths << bankfull channel width) is not abundant. 

θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 3.   
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Question 4.  Is the channel morphology undisturbed? Yes
θ 

No  
θ 

   
A) Riffle-pool or cascade-pool channel   

a) Pools are observed along > 25 % of the reach.   θ θ 
b) Surface sediment texture is highly heterogeneous (consider assessment over size range 

from sand to large cobbles)? 
θ θ 

c) Deep pools are present absent (> 10 % of all pools are as deep as the stream banks are 
high).  

θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 4.   

   
B) Step-pool channel   

a) Plunge pools are frequent (>25% of steps are associated with a plunge pool with depths 
similar to the size of the largest rock in the step).  Few are infilled to near the top of the 
next downstream step. 

θ θ 

b) Less than 25% of the channel consists of relatively long cascades (i.e., the channel 
alternates almost exclusively between steps and pools).  

θ θ 

c) Deep pools are present (>10 % are as deep as the stream banks are high).   θ θ 
   

If answer “Yes” to 2 or more, check Yes box in Question 4.   
   

 
 
Question 5.  Are all aspects of the aquatic habitat sufficiently connected to 

allow for normal, unimpeded movements of fish, organic debris, 
and sediments? 

Yes
θ 

No 
θ 

   
a)  Temporary blockages because of new debris jams or landslides are absent. θ θ 
b) Down cutting that blocks the entrance to tributary streams or off-channel areas is 

absent. 
θ θ 

c) Build-ups of sediment or debris above or within any crossing structures are absent.  θ θ 
d) There is no down cutting present below any crossing structure that blocks fish 

movements upstream by any size fish at any time. 
θ θ 

e) On fish bearing streams, all crossing structures are open bottom structures. θ θ 
f) Dewatering over the entire channel width due to excessive new accumulations of 

sediment is absent. 
θ θ 

g) Off-channel or overland flow areas have not been isolated, cut off or covered by any 
roads or trails. 

θ θ 

   
If answer is “No” to any statements, check the “No” box for Question 5.  Otherwise, check 
the “Yes” box. 
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Question 6.  Does the stream, lake or wetland support a good diversity of fish 
cover attributes? 

(Note: To qualify as meaningful cover, each cover attribute should have at least one dimension equal 
to 10% of the  width of the habitat.  Thus, only one dimension of the cover in a 1m wide channel has 
to be 10 cm.  In a 10m wide stream, one dimension of the cover has to be at least 1 m.  In a 200m 
wide pond, one dimension of the cover should be 20m.  A strip of overhanging vegetation 20m long 
around the perimeter of the pond would be cover.) 

Yes
θ 

No 
θ 

   
a) Deep, quiet water is available. θ θ 
b) Large, immovable boulders are present. θ θ 
c) Stable woody debris or rootwads are present.. θ θ 
d) Stable, deep-rooted undercut banks are present. θ θ 
e) Submerged or emergent aquatic vegetation is present. θ θ 
f) Overhanging vegetation is present within 1 m of the top of the channel (streams) or 

water surface (wetlands, lakes). 
θ θ 

g) There is a stable substrate present with void spaces for fish to hide in.  θ θ 
   
For streams, if the answer is “Yes” for three statements, check the “Yes” box.  Otherwise, 
check the “No” box.  For wetlands, check the “Yes” box if two statements are true. 

  

   
   
Question 7.  Does the amount of moss present on the substrates indicate a 

stable and productive system? 
Yes

θ 
No 
θ 

   
a) The number of moss patches present on the substrate is best described as frequent or 

abundant, not lacking, little or occasional. 
θ θ 

b)  Moss cover present on the substrate appears vigorous, not stressed or dead.  θ θ 
c)  Moss patches are intact, not embedded with sediments or damaged by scouring.   
   
If the answer is “Yes” for 2 or more statements, check the Yes box for Question 7.  
Otherwise, check the No box. 

  

   
   
Question 8.  Has the introduction of fine sediments been minimized? Yes

θ 
No 
θ 

   
a) Wetted areas that a stick or heel can be easily pushed into are absent. θ θ 
b) Recent fine sediment deposits that blanket the substrate are best described as little or 

lacking.   
θ θ 

c) Gravels and cobbles are not embedded in a matrix of sand or finer size particles. The 
sides of gravels and cobbles can generally be seen touching each other. 

θ θ 

d) Insects use the undersides of rocks in riffles. θ θ 
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If the answer is “Yes” to all statements, check the “Yes” box for Question 8.  Otherwise, 
check the “No” box.   

  

   
Question 9.  Does the stream, lake or wetland support a diversity of aquatic 

invertebrates? (For example; insects, molluscs such as clams or snails, annelids 
such as worms or leeches, and crustaceans such as shrimp or water fleas)? 

Yes
θ 

No 
θ 

   
a) Three major taxonomic groups (e.g. insects, mollusks, annelids, crustaceans, etc.) are 

present. 
θ θ 

b) At least four recognizably different taxa within any one of the above major groups are 
present. 

θ θ 

c) At least five recognizably different taxa from all the above major groups are present. θ θ 
d) Particularly sensitive invertebrates such as caddisflies or freshwater clams are present. θ θ 
   
Check the “Yes” box for Question 9 if any of the statements are “Yes”.  Otherwise, check 
“No”.   

  

 
 
Question 10.  Have riparian reserves and designated wildlife trees or wildlife 

patches in RMAs been protected from windthrow? 
Yes

θ 
No 
θ 

   
a)  The incidence of windthrow in reserve zones, or management zones with wildlife trees 

or wildlife patches does not exceed 5% of the stems, over and above what occurs 
naturally in the area.   

θ θ 

b) Designated wildlife trees are still standing, or if windthrown, still functional as wildlife 
trees (e.g., aboveground bear dens). 

θ θ 

c) Where no reserve zone is established, the incidence of windthrow in management 
zones does not exceed 10% of the stems left, over and above what occurs naturally in 
the area. 

θ θ 

   
If answer is “Yes” to all applicable statements, check the “Yes” box for Question 10.  
Otherwise, check the “No” box. 

  

   
   
Question 11.  Has the amount of bare ground or soil disturbance in the 

riparian area been minimized? 
Yes

θ 
No 
θ 

   
a) Total bare erodible ground present in the first 10 m of the riparian zone, plus all other 

areas hydrologically linked to the first 10 m of riparian zone is less than 5 %. 
θ θ 

b) Total bare erodible ground or soil disturbance that is directly linked to a stream in the 
first 10m of the riparian zone is less than 1 %.  

θ θ 

c) Total area disturbed by animals or machinery in the first 10 m of the riparian zone, 
plus all other areas hydrologically linked to the first 10 m of riparian zone is less than 
15 %. 

θ θ 

d) Total area disturbed by animals or machinery in the first 10m of the riparian zone that θ θ 
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is directly linked to a stream, wetland or lake is less than 5 %. 

   
If the answer is “Yes” for all statements, check the “Yes” box.  Otherwise, check the “No” 
box.   

  

   
   
Question 12 Has sufficient vegetation been retained to maintain an adequate 

root network or LWD supply? 
Yes

θ 
No 
θ 

   
a) On all streams, nonmerchantable conifer trees, understory deciduous trees, shrubs, and 

herbaceous vegetation were retained to the fullest extent possible within 5 m of the 
channel. 

θ θ 

b) On S1 to S3 size streams, the first 10 m of the riparian reserve zone is intact, including 
windthrown trees, thereby providing for 99 % of the LWD normally supplied to 
streams with no additional inputs from upstream or the adjacent hillslopes. 

θ θ 

c) On S4 streams, where windthrow hazard is not high, all windfirm trees with roots 
embedded in the bank, and 50% of all other trees (excluding dominant conifers) within 
10 m of the stream bank were retained. 

θ θ 

d) On S4 streams, where the windthrow hazard is high, all conifers < 30 cm DBH were 
retained within 10 m of the stream bank. 

θ θ 

e) On valley bottom S5 streams with alluvial banks and a floodplain, 50 % of dominant 
and codominant windfirm stems within 30 m of the stream bank were retained. 

θ θ 

f) On non-valley, LWD dependent S5 streams, all leaners within 10 m of the channel and 
all conifer stems < 30 cm DBH within 5 m of the stream bank were retained. 

θ θ 

g) On LWD dependent S6 streams, or S6 that flow directly into fish-bearing waters, at 
least 10 trees < 30 cm DBH per 100 m of streambank were retained within 5 m of the 
stream bank. 

θ θ 

   
Check the “Yes” box for Question 12 if there are only “Yes” answers.  Otherwise, check 
the “No” box. 

  

   
Question 13 Has sufficient vegetation been retained to provide shade and 

reduce bank microclimate change? 
Yes

θ 
No 
θ 

   
a) Canopy and ground vegetation together cover more than 85% of the riparian habitat in 

plan view.  
θ θ 

b) Shade (i.e. the average amount of sky not visible due to vegetation at 45° off vertical) 
averages more than 85% for any two of the east, south and west aspects.  

θ θ 

c) Shade sensitive species such as mosses, ferns and other bryophytes are all in vigorous 
condition, with no indication of stress due to drought or desiccation. 

θ θ 

d) Soil under vegetation or debris in the riparian habitat is cool and moist to the touch. θ θ 
   
Check the “Yes” box for Question 13 if 3 out of 4 answers are “Yes”.  Otherwise, check the 
“No” box. 
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Question 14.  Have the number of disturbance-increaser plants or noxious 

weeds present been limited to a satisfactory level? 
Yes

θ 
No 
θ 

   
a) Riparian area occupied by disturbance-increaser plants (e.g. domestic grasses, 

dandelions, red alders, and fireweed) is less than 25% of total area. 
θ θ 

b) Riparian area occupied by noxious weeds is less than 5% of total area. θ θ 
   
Check the “Yes” box for Question 14 if all statements are “Yes”.  Otherwise, check “No”.     
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Appendix 6 - Routine Evaluation Field Form 
 
 





Riparian Management Effectiveness – Routine Evaluation 

Date:  Sample No:   Evaluator(s):  

Stream:  Site:   Area:   

Question 1.  Is the channel bed undisturbed Yes 
θ 

No  
θ 

   
A) Riffle-pool or cascade-pool channels   

a) Less than 50% of the reach has mid-channel bars. θ θ 

b) Less than 50% of the reach has multiple channels and/or braids. θ θ 

c) More than 50% of the reach has lateral channel bars.  θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 1.   

   
B) Step-pool channels   

a) More than 50% of the steps present span the channel either in a 
perpendicular or diagonal orientation relative to the banks. 

θ θ 

b) More than 25% of the steps have moss. θ θ 

c) Less than 25% of the reach has multiple channels and/or braids.  θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 1.   

   
C) Steep non-alluvial channels   

a) Over 25% of the channel bed length has some moss on the 
substrate.  

θ θ 

b) The channel has space for storage of sediments and debris; i.e. 
sediment and/or LWD do not fill the channel volume or spill 
over the banks.  

θ θ 

c)  Sediments are widely distributed throughout the channel.  
Sediments are not stored in a few relatively large compartments 
(e.g., wedged behind an accumulation of immobile rocks or 
organic debris).   

θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 1.   
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Question 2.  Are the channel banks undisturbed? Yes 
θ 

No  
θ 

   
A) Riffle-pool or cascade-pool channels   

a) Less than 15% of the shoreline or streambank on one side of the 
stream is disturbed by stream flows, windthrow, animals (hoof 
shear, watering sites, crossings), roads, or harvest and 
silviculture activities.   

θ θ 

b) More than 65% of the bank area immediately adjacent to the 
channel has deeply rooted vegetation.   

θ θ 

c) More than 50% of the reach length has overhanging or undercut 
banks.   

θ θ 

d) Less than 10% of the reach length has upturned (wind thrown) 
root wads along the banks.   

θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 2.   

   
B) Step-pool channels   

a) Less than 10% of the shoreline or streambank on one side of the 
stream is negatively affected by stream flows, windthrow, 
animals (hoof shear, watering sites, crossings), roads, or harvest 
and silviculture activities. 

θ θ 

b) More than 75% of the bank has deeply rooted vegetation.  θ θ 

c) More than 50% of the bank is overhanging or undercut.   θ θ 

d) Less than 25% of the reach length has upturned (wind thrown) 
root wads along the banks.   

θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 2.   

   
C) Steep non-alluvial channels   

a) More than 75% of the bank has deeply rooted vegetation.  θ θ 

b) Less than 10% of the shoreline or streambank on one side of the 
stream is negatively affected by stream flows, windthrow, 
animals (hoof shear, watering sites, crossings), roads, or harvest 
and silviculture activities. 

θ θ 

c) Less than 25% of the reach length has upturned (wind thrown) 
root wads along the banks. 

θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 2.   
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Question 3.  Are channel LWD processes undisturbed? Yes 
θ 

No  
θ 

   
A) Riffle-pool or cascade-pool channel   

a) Most debris is old and does not appear to have been freshly 
deposited.   

θ θ 

b) Recently formed debris jams that span the channel occur less 
than twice every 5-channel widths.   

θ θ 

c) Most debris jams lack logging debris (e.g., branches, treetops, 
bark, small logs and LWD with saw-cut ends). 

θ θ 

d) Woody debris oriented parallel to the channel banks (particularly 
small logs and limbs with lengths << bankfull channel width) is 
not abundant.  

θ θ 

   
If answer “Yes” to 3 or more, check Yes box in Question 3.   

   
B) Step-pool channel   

a) Most debris is old and does not appear to have been freshly 
deposited. 

θ θ 

b) Recently formed debris jams occur less than twice every 5-
channel widths.   

θ θ 

c) Most debris jams lack logging debris (e.g., branches, treetops, 
bark, small logs and LWD with saw-cut ends). 

θ θ 

d) Woody debris oriented parallel to the channel banks (particularly 
small logs and limbs with lengths << bankfull channel width) is 
not abundant. 

θ θ 

   
If answer “Yes” to 3 or more, check Yes box in Question 3.   

   
C) Steep non-alluvial channel   

a) Most debris is old and does not appear to have been freshly 
deposited. 

θ θ 

b) Most debris jams lack logging debris (e.g., branches, treetops, 
bark, small logs and LWD with saw-cut ends). 

θ θ 

c) Woody debris oriented parallel to the channel banks (particularly 
small logs and limbs with lengths << bankfull channel width) is 
not abundant. 

θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 3.   
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Question 4.  Is the channel morphology undisturbed? Yes 
θ 

No  
θ 

   
A) Riffle-pool or cascade-pool channel   

a) Pools are present along > 25 % of the reach.   θ θ 

b) Surface sediment texture is highly heterogeneous (consider 
assessment over size range from sand to large cobbles). 

θ θ 

c) Deep pools are present (> 10 % of all pools are as deep as the 
stream banks are high).  

θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 4.   

   
B) Step-pool channel   

a) Plunge pools are frequent (>25% of steps are associated with a 
plunge pool with depths similar to the size of the largest rock in 
the step).  Few pools are infilled to near the top of the next 
downstream step. 

θ θ 

b) The channel alternates almost exclusively between steps and 
pools (i.e. less than 25% of the channel consists of relatively 
long cascades).  

θ θ 

c) Deep pools are present (>10 % are as deep as the stream banks 
are high).   

θ θ 

   
If answer “Yes” to 2 or more, check Yes box in Question 4.   

   
   
   
Question 5.   Are all aspects of the aquatic habitat sufficiently 

connected to allow for normal, unimpeded movements of 
fish, organic debris, and sediments? 

Yes 
θ 

No 
θ 

   
a)  Temporary blockages because of new debris jams or landslides 

are absent. 
θ θ 

b) Down cutting that blocks the entrance to tributary streams or off-
channel areas is absent. 

θ θ 

c) Build-ups of sediment or debris above or within any crossing 
structures are absent.  

θ θ 

d) There is no down cutting present below any crossing structure 
that blocks fish movements upstream by any size fish at any 
time. 

θ θ 

e) On fish bearing streams, all crossing structures are open bottom 
structures. 

θ θ 

f) Dewatering over the entire channel width due to excessive new θ θ 
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accumulations of sediment is absent. 

g) Off-channel or overland flow areas have not been isolated, cut 
off or covered by any roads or trails. 

θ θ 

   
If answer is “No” to any statements, check the “No” box for 
Question 5.  Otherwise, check the “Yes” box. 

  

   
   
Question 6.  Does the stream, lake or wetland support a good diversity 

of fish cover attributes? 
(Note: To qualify as meaningful cover, each cover attribute should have at 
least one dimension equal to 10% of the width of the stream, wetland or lake.  
Thus, only one dimension of the cover in a 1m wide channel has to be 10 cm.  
In a 10-m wide stream, one dimension of the cover should be at least 1 m.  In 
a 200m wide pond, one dimension of the cover should be 20m.  A strip of 
overhanging vegetation 20m long around the perimeter of the pond would be 
cover.) 

Yes 
θ 

No 
θ 

   
a) Deep, quiet water is available. θ θ 

b) Large, immovable boulders are present. θ θ 

c) Stable woody debris or rootwads are present. θ θ 

d) Stable, deep-rooted undercut banks are present. θ θ 

e) Submerged or emergent aquatic vegetation is present. θ θ 

f) Overhanging vegetation is present within 1 m of the top of the 
channel (streams) or water surface (wetlands, lakes). 

θ θ 

g) There is a stable substrate present with void spaces for fish to 
hide in.  

θ θ 

   
For streams, if the answer is “Yes” for three statements, check 
the “Yes” box.  Otherwise, check the “No” box.  For wetlands, 
check the “Yes” box if two statements are true. 
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Question 7.   Does the amount of moss present on the substrates 
indicate a stable and productive system? 

Yes 
θ 

No 
θ 

   
a) The number of moss patches present on the substrate is best 

described as frequent or abundant, not lacking, little or 
occasional. 

θ θ 

b)  Moss cover present on the substrate appears vigorous, not 
stressed or dead.  

θ θ 

c)  Moss patches are intact, not embedded with sediments or 
damaged by scouring. 

θ θ 

   
If the answer is “Yes” for 2 or more statements, check the Yes 
box for Question 7.  Otherwise, check the No box. 

  

   
   
   
Question 8.   Has the introduction of fine sediments been minimised? Yes 

θ 
No 
θ 

   
a) Wetted areas that a stick or heel can be easily pushed into are 

absent. 
θ θ 

b) Recent fine sediment deposits that blanket the substrate are best 
described as little or lacking.   

θ θ 

c) Gravels and cobbles are not embedded in a matrix of sand or 
finer sized particles.  The sides of individual gravel and cobble 
particles can generally be seen touching each other. 

θ θ 

d) Insects use the undersides of rocks in riffles. θ θ 

   
If the answer is “Yes” to all statements, check the “Yes” box for 
Question 8.  Otherwise, check the “No” box.   
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Question 9.   Does the stream, lake or wetland support a diversity of 
aquatic invertebrates?  (For example; insects, molluscs such 
as clams or snails, annelids such as worms or leeches, and 
crustaceans such as shrimp or water fleas)? 

Yes 
θ 

No 
θ 

   
a) Three major taxonomic groups (e.g. insects, mollusks, annelids, 

crustaceans, etc.) are present. 
θ θ 

b) At least four recognizably different taxa within any one of the 
above major groups are present. 

θ θ 

c) At least five recognizably different taxa from all the above major 
groups are present. 

θ θ 

d) Particularly sensitive invertebrates such as caddisflies or 
freshwater clams are present. 

θ θ 

   
Check the “Yes” box for Question 9 if any of the statements are 
“Yes”.  Otherwise, check “No”.   

  

   
   
Question 10.   Have riparian reserves and designated wildlife trees or 

wildlife patches in RMAs been protected from 
windthrow? 

Yes 
θ 

No 
θ 

   
a)  The incidence of windthrow in reserve zones, or management 

zones with wildlife trees or wildlife patches does not exceed 5% 
of the stems, over and above what occurs naturally in the area.   

θ θ 

b) Designated wildlife trees are still standing, or if windthrown, 
still functional as wildlife trees (e.g., aboveground bear dens). 

θ θ 

c) Where no reserve zone is established, the incidence of 
windthrow in management zones does not exceed 10% of the 
stems, over and above what occurs naturally in the area. 

θ θ 

   
If answer is “Yes” to all applicable statements, check the “Yes” 
box for Question 10.  Otherwise, check the “No” box. 

  

   
   
Question 11.   Has the amount of bare ground or soil disturbance in the 

riparian area been minimised? 
Yes 

θ 
No 
θ 

   
a) Total bare erodible ground or soil disturbance that is directly 

linked to a stream in the first 10m of the riparian zone is less 
than 1 %.  

θ θ 

b) Total bare erodible ground present in the first 10 m of the 
riparian zone, plus all other areas hydrologically linked to the 
first 10 m of riparian zone is less than 5 %.  

θ θ 

c) Total area disturbed by animals or machinery in the first 10m of θ θ 
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the riparian zone that is directly linked to a stream, wetland or 
lake is less than 5 %. 

d) Total area disturbed by animals or machinery in the first 10 m of 
the riparian zone, plus all other areas hydrologically linked to the 
first 10 m of riparian zone is less than 15 %. 

θ θ 

   
If the answer is “Yes” for all statements, check the “Yes” box.  
Otherwise, check the “No” box.   

  

   
   
Question 12 Has sufficient vegetation been retained to maintain an 

adequate root network or LWD supply? 
Yes 

θ 
No 
θ 

   
a) On all streams, nonmerchantable conifer trees, understory 

deciduous trees, shrubs, and herbaceous vegetation were retained 
to the fullest extent possible within 5 m of the channel. 

θ θ 

b) On S1 to S3 size streams, the first 10 m of the riparian reserve 
zone is intact, including windthrown trees, thereby providing for 
99 % of the LWD normally supplied to streams with no 
additional inputs from upstream or the adjacent hillslopes. 

θ θ 

c) On S4 streams, where windthrow hazard is not high, all 
windfirm trees with roots embedded in the bank, and 50% of all 
other trees (excluding dominant conifers) within 10 m of the 
stream bank were retained. 

θ θ 

d) On S4 streams, where the windthrow hazard is high, all conifers 
< 30 cm DBH were retained within 10 m of the stream bank. 

θ θ 

e) On valley bottom S5 streams with alluvial banks and a 
floodplain, 50 % of dominant and codominant windfirm stems 
within 30 m of the stream bank were retained. 

θ θ 

f) On non-valley, LWD dependent S5 streams, all leaners within 
10 m of the channel and all conifer stems < 30 cm DBH within 5 
m of the stream bank were retained. 

θ θ 

g) On LWD dependent S6 streams, or S6 that flow directly into 
fish-bearing waters, at least 10 trees < 30 cm DBH per 100 m of 
streambank were retained within 5 m of the stream bank. 

θ θ 

   
Check the “Yes” box for Question 12 if there are only “Yes” 
answers.  Otherwise, check the “No” box. 
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Question 13 Has sufficient vegetation been retained to provide shade 
and reduce bank microclimate change? 

Yes 
θ 

No 
θ 

   
a) Canopy and ground vegetation together cover more than 85% of 

the riparian habitat in plan view.  
θ θ 

b) Shade (i.e. the average amount of sky not visible due to 
vegetation at 45° off vertical) averages more than 85% for any 
two of the east, south and west aspects.  

θ θ 

c) Shade sensitive species such as mosses, ferns and other 
bryophytes are all in vigorous condition, with no indication of 
stress due to drought or desiccation. 

θ θ 

d) Soil under vegetation or debris in the riparian habitat is cool and 
moist to the touch. 

θ θ 

   
Check the “Yes” box for Question 13 if 3 out of 4 answers are 
“Yes”.  Otherwise, check the “No” box. 

  

   
   
Question 14.   Have the number of disturbance-increaser plants or 

noxious weeds present been limited to a satisfactory level? 
Yes 

θ 
No 
θ 

   
a) Riparian area occupied by disturbance-increaser plants (e.g. 

domestic grasses, dandelions, red alders, and fireweed) is less 
than 25% of total area. 

θ θ 

b) Riparian area occupied by noxious weeds is less than 5% of total 
area. 

θ θ 

   
Check the “Yes” box for Question 14 if all statements are 
“Yes”.  Otherwise, check “No”.   
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SUMMARY 
 

Question Yes 
 

No  
 

Question 1.   Is the channel bed undisturbed θ θ 

Question 2.   Are the channel banks undisturbed? θ θ 

Question 3.   Are channel LWD processes undisturbed? θ θ 

Question 4.   Is the channel morphology undisturbed? θ θ 

Question 5.   Are all aspects of the aquatic habitat sufficiently 
connected to allow for normal, unimpeded movements of 
fish, organic debris, and sediments? 

θ θ 

Question 6.  Does the stream, lake or wetland support a good diversity 
of fish cover attributes? 

θ θ 

Question 7.   Does the amount of moss present on the substrates 
indicate a stable and productive system? 

θ θ 

Question 8.   Has the introduction of fine sediments been minimised? θ θ 

Question 9.   Does the stream, lake or wetland support a diversity of 
aquatic invertebrates?  

θ θ 

Question 10.   Have riparian reserves and designated wildlife trees or 
wildlife patches in RMAs been protected from 
windthrow? 

θ θ 

Question 11.   Has the amount of bare ground or soil disturbance in the 
riparian area been minimised? 

θ θ 

Question 12 Has sufficient vegetation been retained to maintain an 
adequate root network or LWD supply? 

θ θ 

Question 13 Has sufficient vegetation been retained to provide shade 
and reduce bank microclimate change? 

θ θ 

Question 14.   Have the number of disturbance-increaser plants or 
noxious weeds present been limited to a satisfactory level? 

θ θ 

 
Number of “Yes” answers:   

Number of “No” answers:   

Conclusion on PFC:  Okay (0-2 “No’s”) At Risk (3-4 “No’s”) 

 At High Risk (4-6 No’s) Non Functioning (>6 “No’s”) 

Comments: 
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NOTES 

Mid-channel bars 

Lateral bars 

Eroded banks 

Banks with rootwads upturned 

Pool number/length 

Deep pools 

Moss on substrates 

Fines/sands 

Windthrows 

Standing trees 

Bare ground 

Shade 

Vegetative cover 

POC 

Reach length sampled 

Time start/end 
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