
 

FIA8033008 

IMPROVING A STANDARD MONITORING PROTOCOL FOR 

USE IN CENTRAL-INTERIOR BRITISH COLUMBIA – PHASE II 

REPORT 

 

 
Photo: Nechako River, November 2009 

 

 
 
 
 

 
Avison Management Services Ltd. 

P.O. Box 774 

Vanderhoof, BC V0J 3A0 



IMPROVING A STANDARD MONITORING PROTOCOL – PHASE II  

 

 

2

Executive Summary 

 

The following report provides details on FIA project #8033008, Improving A Standard 

Monitoring Protocol For Use In Central-Interior British Columbia.  – Phase II. The objective of 

this project was to compile a dataset on stream and riparian functioning condition in Vanderhoof 

Forest District’s unmanaged forests in order to provide a baseline reference for effectiveness 

monitoring comparisons, and more specifically, for those indicators listed in the BC Forest and 

Range Evaluation Program’s Riparian Management Routine Effectiveness Evaluations 

(RMREE). The call for this study arose from the history of repeated downgrading of the 

functioning condition of harvested reaches that could be attributed to fine sediment, and the 

suggestion that similar conditions existed at unmanaged reaches. This project set out to quantify 

natural conditions and statistically relate these to harvested sites so that the end result would more 

accurately reflect impacts due to harvesting.  

 

After the field data collection and analyses phases were completed, a number of MS Excel 

spreadsheets were created with embedded calculations to effectively predict new threshold values 

for attributes that were thought to be influenced by the natural occurrence of fine sediments in the 

Vanderhoof Forest District. The indicators represented by these attributes include:  

 

1) fine sediments,  

2) windthrow,  

3) fish cover,  

4) moss, and  

5) aquatic invertebrate diversity.  

 

The calculations created for predicting threshold values were based on relationships between the 

attributes and physical site characteristics at non-harvested reaches. The site characteristics 

included: 

1) soil erodibility,  

2) channel width,  

3) channel gradient,  

4) aspect,  

5) elevation, and  

6) hillslope (coupling).  
 

Data from 31 MoFR sites that had been previously classified as functioning at risk, functioning at 

high risk, and not properly functioning were re-assessed using the new threshold values specific 

to each site. Results suggest an upgrade in the functioning condition for 29% of the sites, and a 

downgrade in 6% of the sites.  The upgraded sites were recommended because the harvested 

attribute data for the fine sediment, moss, and fish cover indicators fell within the range of natural 

variability as judged by the new threshold values. The downgraded sites were mainly a result of 

new higher thresholds for three of the aquatic invertebrate attributes. Field data could not meet 

these thresholds in several of these cases, resulting in an overall increase in negative responses for 

the aquatic invertebrate indicator. While this change could represent a more accurate reflection of 

harvesting impacts, it also may be a result of seasonal variation in flow and related processes 

between the non-harvested and harvested sampling events. 
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Other attributes that are discussed in this report include those that were not taken entirely through 

to the re-evaluation stage but did receive negative answers at non-harvested reaches. These 

include pool length, shade, stream bank disturbance, upturned bank rootwads, blockages, large 

woody debris that span the channel, riparian ground disturbance, and riparian vegetation structure 

and condition. Riparian vegetation observed at non-harvested reaches is described in Appendix 

IV for future reference when performing the RMREE at managed sites.  

 

The results of this study suggest that regional landscape characteristics should be considered in 

the RMREE procedure. Specifically, naturally occurring fine sediments in the Vanderhoof Forest 

District should be accounted for in order to accurately assess impacts due to harvesting and 

provide guidance for future harvest management strategies. 
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1.0 INTRODUCTION   

1.1 Project Objectives 

 

The following report details the findings from Improving A Standard Monitoring Protocol For Use In 

Central-Interior British Columbia.  – Phase II (FIA project # 8033008). The objectives of this phase were 

to:  

 

1) Carry out field evaluations at non-harvested watersheds in the Vanderhoof Forest District in order 

to quantify attributes that are currently used to assess the functioning condition of streams and 

riparian areas, and to record descriptive reach characteristics at each site.  

 

2) Perform data analyses on the quantitative attributes with the emphasis on those linked with fine 

sediments, and to develop a method that would predict threshold values for harvested sites had 

the sites been in an unmanaged state.  

 

3) Test the method using 2006-2009 sites that had been given anything but a properly functioning 

assessment by the Vanderhoof Forest District BC Ministry of Forests and Range (MoFR).  

 

4) Record qualitative indicator observations so that future evaluations will have a reference for 

unmanaged conditions.  

 

The evaluation protocol used in the study was the Riparian Management Routine Effectiveness 

Evaluation (RMREE). The RMREE evolved from BC’s Forest and Range Evaluation Program (FREP) to 

meet resource stewardship monitoring objectives by providing the means (using indicators) to assess 

stream and riparian functioning condition in relation to fish habitat values (Tripp et al. 2009). The 

protocol was intended for riffle-pool, cascade-pool and step-pool streams, as well as smaller, non-alluvial 

watercourses in both coastal and interior watersheds. Although the RMREE is a comprehensive protocol, 

there is an inherent need for the establishment of a baseline dataset for any type of effectiveness 

monitoring. Without it, indicators are assessed using general thresholds that may not be representative of 

a region, leading to more Type I errors (the rejection of a true null hypothesis, leading to the declaration 

of an impact when there actually isn’t one) due to the natural variability of the landscape. This was found 

previously with RMREE results from the Bowron River watershed (Nordin et al. 2008). For a full list of 

supporting literature for this project, please see FIA Project 2784037 - Improving A Standard Monitoring 

Protocol For Use In Central-Interior British Columbia  - Phase I.   
 

1.2 Indicators of interest 

 
The RMREE uses indicator and attribute questions to guide the user toward an assessment of stream and 

riparian functioning condition. One of these indicators is fine sediment. Past results of the BC Ministry of 

Forest and Range’s (MoFR) RMREEs show that this indicator response is negative more often than not at 

stream reaches in the Vanderhoof Forest District (Fig. 1). Natural deposits of fine sediments in the area 

have been suggested as having a large influence in these reoccurring negative responses, and while the 
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evaluation procedure allows for a classification of natural impacts these are often difficult to delineate at 

harvested sites (FREP staff, Prince George, Vanderhoof and Fort St James).  

 Watersheds consisting of large quantities of glacial lacustrine or glacial fluvial parent material, 

such as those in BC’s central interior, are likely to contain streams with naturally high quantities of fine 

sediments. Not only will this contribute to a negative response to the fine sediment indicator, it may also 

influence the outcome of other indicator questions by impacting the attributes that are used to answer 

them. For example, the moss indicator may be influenced by the availability of appropriate substrate for 

growth. Cattaneo and Fortin (2000) found that moss cover was positively correlated to the availability of 

large substrate in streams of the Quebec Laurentian Mountains. Larger substrate was rarely observed 

when stream beds were composed of mainly fine sediments in the Bowron River watershed (Nordin et al. 

2008) and is an infrequent observation in streams with abundant fine sediments in the Vanderhoof Forest 

District (K. Hebb, MoFR, Vanderhoof Forest District). The lack of large substrate in these streams may 

negatively influence the responses to the moss indicator question (Fig. 1).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Average indicator responses for RMREE’s performed in the Vanderhoof District from 2005-

2008 (Taken from Phase I report, Avison 2009). 
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Windthrow frequency at harvested sites also displayed a relatively high percentage of negative indicator 

responses and these may be explained in part by the abundance of naturally occurring fine sediments. 

While the size of the riparian buffer plays an important part in the magnitude of windthrow that occurs 

post-harvest, erodible soils can exacerbate the effect because of their relatively low shear strength 

(Whitmyer and Blake 1989). This suggestion is supported by the inclusion of soil as a consideration in 

windthrow assessments as described in the BC Ministry of Forests Windthrow Handbook for British 

Columbia Forests (Stathers et al. 1994).  
 

Fish cover is another indicator that may be influenced by the abundance of fine sediments. Among the list 

of fish cover attributes are void spaces and boulders. There is generally a lack of void spaces for fish 

cover when fine sediments fill interstitial spaces in the substrate. There also may not be an abundance of 

boulders because like the observations regarding larger substrate for moss in central BC, there is a general 

lack of boulders in streambeds that consist mainly of sand, silt and/or clay. The relationship between fine 

sediment and these two fish cover attributes could unfavorably weigh the outcome of the fish cover 

indicator question at sites where finer channel bed and bank material dominate. 

 

Fine sediment may also influence the aquatic invertebrate diversity indicator, with lower numbers 

expected in stream channels that consist of abundant silt and clay (Shaw and Richardson 2001; Olsen and 

Townsend 2003). Numbers of sensitive species (those with external gills) are anticipated to be lower and 

the presence of species limited to those that are able to persist in high-sediment environments (Matter and 

Ney 1981; Lemly 1982; Lenat, 1984). Therefore, natural deposits of erodible soils may bias this indicator 

toward a negative result that is not due to harvesting.  
 

1.3 Project Outline 

 

The first step toward identifying and compensating for variability resulting from landscape factors was to 

perform field evaluations at unmanaged, representative reference sites and to create a baseline dataset for 

the Vanderhoof Forest District. The planning and selection of the proposed sites is described in detail in 

the Phase I report (FIA Project 2784037). In brief, the RMREE protocol was applied to stream reaches in 

drainage basins that had not been exposed to harvesting and had minimal or no road development. In 

addition to collecting information on the regular stream and riparian attributes listed in the protocol, 

characteristics unique to each site were recorded including soil texture as it may relate to the erodibility of 

the stream bed and bank, channel width, channel gradient, elevation, aspect, and coupling (the hillslope 

influence on the transfer of materials to a stream). The data was then used in statistical analyses and the 

development of prediction calculations capable of generating regional representative threshold values 

based on site-specific physical characteristics. The analysis is supported by previous work that found that 

variability in stream size and landscape characteristics may be correlated with several of the attribute 

values, which could affect the outcome of one or more of the indicator questions and thus the evaluation 

of functioning condition (Nordin et al. 2008).   

 

The foundation of the above process is akin to the regional reference approach, which suggests that 

reference sites within a region be grouped according to similar land surface form, soil, potential natural 

vegetation and land use. These groups are then considered “regions” for reference when upstream control 

site data is lacking in local watersheds (Hughes et al. 1986). The same concept was instrumental in the 
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development of ecoregions for water resource management (Hughes and Larsen 1988) and the Reference 

Condition Approach for invertebrate communities (Bailey et al. 2004, Bowman and Somers 2006, 

Reynoldson et al. 1997). While this approach may not be as accurate as upstream/downstream 

comparisons, it has been shown to be an acceptable alternative when the collection of upstream data is not 

feasible.  

 

The statistical method that was developed in this study to predict appropriate RMREE thresholds was 

tested using MoFR data from sites that had been previously classified as anything but properly 

functioning. The selection of these sites is rationalized in the Phase I planning report. Changes in 

functioning condition were noted after the adjustment for natural conditions. Links between other 

attributes that received negative responses during the study evaluations and site-specific characteristics 

were also explored and a brief summary of qualitative indicators relating to riparian structure and health 

at each site is included in Appendix III. 
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2.0 METHODOLOGY 
 

2.1 Field Work 

 

Riparian Management Routine Effectiveness Evaluations took place in the month of October 2009 in the 

Vanderhoof Forest District. Thirty sites that had been previously identified in Phase I were planned for 

the field evaluations, with an objective of completing a minimum of 15 sites to meet statistics (see 

planning report, FIA Project 2784037).  The late award of this project dictated that the preliminary 

reconnaissance be performed concurrent with the evaluations. This meant that if a previously selected site 

(derived using GIS in planning phase) was ground-truthed to have met the definition of a stream and 

harvesting had not occurred in the drainage basin, the RMREE was completed at that time. If not, the site 

was dropped from sampling and the next site was visited. There was one exception where a recently 

harvested site was moved upstream of the cutblock, and two exceptions where the site was relocated to an 

unmanaged sub-drainage in the same watershed. Three of the proposed 30 sites did not meet the 

definition of a stream and were removed from the sampling plan. In order to be classified as a stream, 

there must have been a continuous definable channel (which could be subsurface) and/or a streambed that 

consisted of alluvial materials or scour down to a mineral substrate (BC Ministry of Forests 1998). It’s 

possible for a stream to be lacking in one but not both of these characteristics to meet the definition, 

because while a watercourse may not always be continuous or definable, it could still be a stream if there 

are alluvial deposits or scour to a mineral substrate. Conversely, the drainage could still be a stream with 

neither alluvial deposits or scour to a mineral substrate if it has a continuous, definable channel, as is the 

case with “organic” streams that are associated with peat bogs and other wetland habitats (BC Ministry of 

Forests Riparian Management Area and Fish Stream Identification Guidebook 1998).  
  

Sampling started with higher elevation sites because of the anticipated onset of winter conditions. Once 

these sites became difficult to access or evaluate because of snow and ice, sampling moved to sites at 

lower elevations. Seven sites out of the proposed thirty were omitted from the sample design because of 

an inability to access or evaluate the stream effectively due to freezing and snow cover. In total, 20 of the 

30 proposed sites were successfully evaluated using the RMREE, exceeding the minimum sample size of 

15. However, two of the sites in this sample size could not be accurately assessed for stream channel bed 

attributes (mid-channel bars, lateral bars, multiple channels) and one site could not be assessed for benthic 

invertebrates because of the thickness of the ice cover. Thus, those sites were not included in the data 

analysis for those specific attributes. It is not believed that lower temperatures affected the outcome of the 

data because it has been suggested that most of the attributes can be measured effectively throughout the 

year, provided they are not obscured by snow and ice (Tripp et al. 2009). All of the completed sites were 

assessed as having a riffle-pool or cascade-pool type of morphology. 
 

Sampling was carried out by a two-person team in accordance with Tripp et al. (2009). The protocol 

consists of a checklist with indicators and questions that give the user an assessment of the relative health 

and functionality of a stream and its riparian habitat. Each indicator category contains several attributes 

that are either measured and compared to standard threshold values or assessed subjectively and 

compared to unmanaged reaches in the same area (Appendix I). Four of the 15 indicator questions vary 
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with stream type (riffle pool, cascade pool, step pool) but this study only focuses on the attributes for 

riffle-pool and cascade-pool streams, the most common morphologies in the region.  
  

The list of RMREE attributes was divided between two registered professional biologists that had been 

previously trained in the evaluation procedure. To maintain consistency in data collection, each observer 

measured the same attributes throughout the course of the fieldwork, with the exception of windthrow 

where each observer counted one side of the stream and estimates were compared after consideration of 

the topography and density of trees on either side. In cases where estimations of “recent” occurrences 

needed to be made, with recent meaning post-harvest in the case of managed forests, a timeline of “within 

5 years” was decided upon. This extra classification was included for in-channel large woody debris and 

windthrow; total pieces were also calculated. The time of 5 years is an arbitrary number that loosely 

coincides with 2009 RMREE protocol suggestion of performing the evaluation 2-4 years post harvest. 

The assessment of whether LWD and windthrow occurred within 5 years was made using the professional 

judgment of the biologist with respect to the quantity of remaining bark, needles and fine twigs on the 

piece of windthrow in question. Weathering of exposed wood, using scar age determination criteria 

outlined in the latest BC Cruising Manual (BC Ministry of Forests 2009), was also incorporated into this 

assessment.  As a quality assurance measure, a member of the BC Ministry of Forests FREP staff from 

the Vanderhoof Forest District accompanied the field team on the first day to ensure that the overall 

evaluation methodology was performed in the same manner as the MoFR field crews (K. Hebb, Ministry 

of Forests, Vanderhoof). 
  

In response to the subjective questions regarding riparian vegetation, a short description of the site was 

recorded in terms of the relative abundance, health, and recruitment of the different components of the 

vegetative structure (canopy gaps, overstory trees, understory trees, shrubs, herbs, lichen, snags and gaps). 

Although not used in the data analyses, this information will prove useful for future post-harvest 

RMREE’s when the answer to an indicator requires a comparison to unmanaged streams in the same area. 
   

In addition to the regular protocol attributes, physical characteristics of each site were recorded including 

measurements of channel width, channel gradient and aspect, and a ranking of coupling and soil 

erodibility (Table 1). Coupling is defined as the hillslope influence upon the transfer of material 

(sediment, debris) to a stream, and is ranked as 1-3 after the three levels used in the Ministry of Forests 

Fish-Stream Identification Guidebook (BC Ministry of Forests 1998), which were defined in part from a 

sediment transfer classification system (Hogan and Wilford 1989). Besides including adjacent hillslopes, 

a reach was considered to be coupled if it drained the face of a hillslope because of the possible 

contribution of upslope debris to the downstream channel. The soil erodibility factor was also assessed on 

a ranking system (1-4) and was based on soil maps and field observations in accordance with soil/texture 

classifications (BC Ministry of Environment 1997). Field observations of soil included an examination of 

the cross (scoured) section of the stream bank at low flow and a small excavation of the soil in the 

riparian management zone to properly evaluate the texture of the upper soil horizons. Soil categories were 

predefined with 1 being the least erodible (eg. mainly rock) and 4 the most erodible (abundance of clay). 
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Table 1. Site characteristics of non-harvested sample reaches. 

Site 
Number 

Easting Northing Elevation 
(m asl) 

Aspect Coupling Average 
Slope (%) 

Channel  
Width (m) 

Soil 
Erodibility 

1 393222 6011569 1120 E 2 6 1.5 2 

2 385142 6009795 980 SW 1 4 2.5 2 

3 390991 6006395 950 S 3 11 0.8 2 

4 381304 6006744 900 SE 2 2.5 5.1 3 

6 420500 5943044 1210 S 2 1.7 3.2 3 

7 422715 5941280 1150 E 2 1 2.5 3 

11 412780 5971044 820 NE 2 3 1.2 4 

13 445318 5964795 840 E 2 4.5 1.8 3 

14 444838 5965601 820 NE 1 1 2.8 3 

15 424908 5970907 780 NE 2 2 1.5 4 

17 393148 5948996 1050 W 2 4 1.6 1 

18 366501 5900894 1140 SE 3 9.5 2 1 

19 366189 5886329 1120 SE 3 3.5 2.4 2 

24 435798 5959779 1100 NW 3 3 1.3 2 

25 433798 5968937 820 N 2 4 1.7 4 

26 388428 5997809 760 S 3 6 1.5 4 

28 389392 6016783 940 NE 2 7 2.1 2 

29 379039 5922094 1060 W 3 15 2.2 1 

30 372337 5916331 920 N 1 4 1.5 3 

31 390720 6006441 960 S 3 11 0.9 2 

 

 

 

With the exception of aspect and elevation, the same parameters were used in correlations with several of 

the RMREE protocol attributes in the Bowron River watershed and were found to be significant (Nordin 

et al. 2008). Elevation was added to this study in consideration of the variation in topography and the 

possibility that elevation may be a useful predictor variable for future evaluations. Aspect was also added 

because of the predicted correlation with windthrow. The windthrow attribute was generally not measured 

in the Bowron River watershed because most streams were logged to the stream bank and there were no 

residual trees left to count, but it is one of the indicators that frequently received a negative response in 

the Vanderhoof Forest District RMREE’s (Fig.1). Millward and Kraft (2004) suggest that aspect is an 

influencing factor in the amount of tree damage sustained as a result of large-scale storms after correlating 

aspect with canopy damage in north-eastern Canada. In consideration of this, information on aspect was 

recorded at each site and given an ordinal value to be included in the data analyses. 
  

Thirty-one sites that had been previously evaluated by the Vanderhoof Forest District Ministry of Forest 

and Range FREP staff were visited during the field component of this study to obtain information on soil 

erodibility, aspect, and coupling at each site (Table 2). Elevations were derived from GIS. Data on slope 

and channel width were acquired from the original evaluations. The sample size included all RMREE’s 

that ranked as anything but properly functioning from 2006-2009, with the exception of two that could 

not be located with certainty and one that could not be accessed. A map showing the distribution of both 

the non-harvested study sites and the 2006-2009 MoFR sites can be found in Appendix II. 
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Table 2. Site characteristics of 2006-2009 MoFR sample reaches. 

Site  
Number 

Easting Northing Elevation 
(m asl) 

Aspect Coupling Average 
Slope (%) 

Channel 
Width (m) 

Soil 
Erodibility 

79769-2 389738 5939864 980 W 3 7 1.2 1 

85447-1 382996 5896147 1190 N 1 4 1.6 2 

74898-1 404718 5932290 1035 SE 1 3 1.6 3 

74898-2 404392 5932419 1020 SE 1 4 1.2 3 

79769-1 389737 5939863 980 W 3 10 0.7 1 

1054871-1 364734 5958432 1000 W 3 8 0.8 1 

122494-1 373252 5900997 1270 NE 2 7 1.7 2 

1008747-1 459378 5932360 865 SW 3 3 1.1 2 

106568-2 358823 5933464 940 SW 2 6 1.2 4 

117779-1 366735 5978973 970 W 3 12 1.1 3 

64230-3 397920 5897179 1315 E 3 34 1 1 

102799-4 378584 5966914 920 E 2 3 9.5 3 

102799-2 378458 5967051 920 S 3 5 1.8 2 

102799-3 378548 5967399 930 S 3 2 0.6 2 

69100-1 385841 5886490 1050 SE 2 3 5.8 2 

96811-1 406819 6016620 950 NE 1 1 2 2 

1002642-1 417273 5963665 1020 E 3 3 1 4 

102799-1 378461 5967050 920 S 3 4 1 2 

122464-2 407191 5928114 1010 S 3 4 0.9 2 

109079-11 362573 5938997 1000 NE 2 7 0.9 2 

1086408-15 371309 5975278 1030 NE 2 2 1.5 3 

112494-13 382477 5949079 820 NE 2 4 4.6 3 

104641-9 391235 5964205 780 E 3 3 1.6 4 

1010194-5 455681 5943878 1050 S 1 1 1.4 2 

105265-12 366336 6000303 900 N 2 7 0.8 2 

1120313-2 431916 5995601 790 SW 2 1 0.7 4 

1069677-5 398596 5896832 1315 NW 3 12 0.7 2 

1128795-6 391089 6005813 880 SW 3 6 2.2 2 

1190070-1 404124 6002956 855 E 3 5 1.7 3 

1057443-10 456694 5960641 820 NE 2 3 1.7 3 

1065265-8 363074 5945090 960 N 2 2 1.3 3 

 

 

 

2.2 Data Analyses  

 

The strategy to compensate for environmental variability employed the use of a statistical method that has 

been previously applied to RMREE data in the Bowron River watershed (Nordin et al. 2008). The 

backbone of the method includes multiple regression analyses between the quantitative attribute values in 

the protocol and the physical parameters at each site. Information that is gained from these analyses is 

used in the development of predicted confidence intervals that represent the range of natural variability 

for the attribute at each new site. The attributes that were of particular interest in this study were those 

previously described as being potentially associated with high levels of naturally occurring fine sediments 
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which may have negatively influenced the outcome of the associated indicator question (fine sediment, 

windthrow, moss, fish cover, and invertebrate diversity).   
 

Specifically, the analysis started with a backward stepwise selection regression using each attribute for 

each indicator question as the dependent variable and the characteristics associated with each site as the 

independent variables (elevation, aspect, coupling, soil erodibility, channel width and slope). The 

exception to this was the fish cover indicator question. There are likely separate and perhaps competing 

factors that explain the variance in each specific fish cover attribute, but these were not examined 

separately. Instead, the sum of the number of fish cover attributes was used in the regression analysis to 

assess fish cover as a whole as it related to the physical characteristics of each site.  

 

The site-specific physical characteristics that were found to be non-significant for each attribute were 

removed and the subset of independent variables were included in a multiple regression analysis. 

Coefficients were produced from the multiple regressions that reflected the significant relationship 

between the attributes and the respective site covariates. These coefficients were then written into an 

equation that was applied to harvested sample reaches to produce a predicted value for that attribute based 

on the characteristics of each site. In order to determine whether the attribute measurement was within the 

range of natural variability, 95% confidence intervals were developed from intermediate and matrix 

calculations that incorporated the mean-squared error and degrees of freedom from the reference site 

regressions. The predicted confidence intervals served as the new threshold values for the attributes, by 

which field values were compared. The multiple linear regressions and associated data for prediction 

calculations were generated using Systat version 11 (Systat Software Inc., Richmond, California).  The 

prediction calculations and confidence limits for the harvested reaches were written in Excel 2003 

(Microsoft Corporation).  

 

2.3 Predicting New Thresholds for Previously Evaluated Sites 

 

MoFR data for 31 previously evaluated sites (2006-2008) representing attributes that had contributed to 

negative indicator responses thought to be related to fine sediments (fine sediment, windthrow, fish cover, 

moss, aquatic invertebrates) were entered into the spreadsheet equations. New threshold values were 

created for the attributes based on the associated physical characteristics of each of the sites. Any site that 

had originally received a N/A for an indicator response (eg. fish cover at a non-fish bearing stream) was 

not included in the analyses. Field measurements from the original assessments were entered for a 

comparison to the new threshold values. Any values that fell outside of the confidence interval were 

determined to be outside of the range of natural variability for that particular site and a negative response 

was generated. Values that remained within the thresholds set were assumed to be representative of 

natural conditions. If the response to an attribute question changed from the original assessment during 

this process, all attributes for the associated main indicator question were checked in order to revaluate 

the status of the main indicator question. Upon completion of the reevaluation of the indicator questions, 

negative answers were re-tallied. According to the RMREE, the functioning condition of a stream and its 

riparian area is determined by the number of negative responses to the 15 main indicator questions (FIA 

Project 2784037, Appendix II). Each level of functioning condition is ranked based on the following 

number of negative responses received: 
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• Properly functioning condition (0-2) 

• Properly functioning but at risk (3-4) 

• Properly functioning at high risk (4-5) 

• Not properly functioning, (>6) 

 

After the negative responses were re-tallied for sites that had changed as a result of the data analyses, the 

functioning condition for that site was reassessed and recorded. 
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3.0 RESULTS & DISCUSSION 
 

3.1 Raw indicator results for non-harvested sites 

 
According to the original RMREE thresholds, the non-harvested sites with negative responses ranged 

from 0-90 % among the indicator questions (Fig. 2). Similar to the harvested sites, the fine sediment and 

moss indicators both had a large number of sites with negative responses. Windthrow was never assessed 

negatively because the threshold is a comparison to unmanaged conditions. A negative response for the 

riparian plant community was only given if a site showed both heavy mortality from the mountain pine 

beetle and heavy browsing or grazing, which represented 2 of the 4 indicator attributes and exceeded the 

threshold of 1 negative response for the main indicator question. Details on the condition of the riparian 

plant community are given in Appendix IV to support future suppositions on whether a MPB stand is 

considered “normal” in the various biogeoclimatic sub-zones of the Vanderhoof Forest District. As a 

result of the negative responses, eight sites were assessed as “functioning at risk” and five were 

“functioning at high risk”. Seven of the twenty sites were rated “properly functioning” and none were 

rated as “not properly functioning.” The measured attributes that were used to answer these indicator 

questions were entered in the data analyses to predict new threshold values at harvested reaches. 
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Figure 2. Indicator responses for RMREE’s performed in the Vanderhoof District at non-harvested 

reaches in 2009. 
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3.2  Fine sediment 

 

According to the protocol, in order to answer the fine sediment indicator question, four attribute questions 

must be addressed (Appendix I). Fine sediment is considered a sensitive indicator because if any one of 

the attribute questions receives a negative response, the main indicator question is also negative. The 

backward stepwise regression found that soil erodibility, channel width, and elevation were the best 

predictor variables to explain the variance in fine sediments in non-harvested reaches (p <0.001, squared 

multiple r = 90.6).   

 

The first attribute question for the fine sediment indicator (Q8a) gives a threshold limit of 10% for the 

average amount of acceptable fine sediment measured among all point stations, with a maximum of 50% 

for any one station, and a maximum of 1% if the channel is blanketed (Tripp et al. 2009). However, most 

of the non-harvested sites exceeded this threshold because of the natural abundance of fine sediments 

found in the region (Fig 3). After the MoFR data was entered into the analyses, new thresholds were 

produced based on their site characteristics and the non-harvested results. Original values were then 

compared to the new thresholds. Out of 31 sites, 28 had previously been given a negative response to this 

attribute for an average percent failure of 90. After the reassessment, this number was reduced to 17, for 

an average percent failure of 55. New threshold values for average fine sediments ranged from 16.3 at a 

high elevation stream with a low soil erodibility factor to 68.8 for a lower elevation stream with high 

erodibility (Table 3). All sites fit into the range of natural variation for the maximum amount of fine 

sediment at any one site and the maximum amount of acceptable blanketed areas.  

 

 

 

Figure 3. Fine sediments observed at a non-harvested reach.
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Table 3. New threshold values and reassessed status of previously evaluated sites for fine sediment 

abundance attribute. Changed status is indicated in boldface. 

 

Site ID Sample 
# 

Channel  
Width (m) 

Soil Elevation 
(m asl)  

Field  
Data 

Average Fines 
New Threshold 

Previous  
Status 

New  
Status 

79769 2 1.2 1 980 42.5 23.9 fail fail 

85447 1 1.6 2 1190 49.7 30.4 fail fail 

74898 1 1.6 3 1035 94.2 47.7 fail fail 

74898 2 1.2 3 1020 77.5 52.4 fail fail 

79769 1 0.7 1 980 31.2 30.3 fail fail 

1054871 1 0.8 1 1000 60.0 27.9 fail fail 

122494 1 1.7 2 1270 44.3 28.8 fail fail 

1008747 1 1.1 2 865 63.3 46.2 fail fail 

106568 2 1.2 3 940 27.5 54.4 fail pass 

117779 1 1.1 3 970 29.0 54.8 fail pass 

64230 3 1 1 1315 0.4 16.3 pass pass 

102799 4 9.5 3 920 10.2 36.2 fail pass 

102799 2 1.8 2 920 29.3 36.2 fail pass 

102799 3 0.6 2 930 76.7 50.5 fail fail 

69100 1 5.8 2 1050 2.8 20.9 pass pass 

96811 1 2 2 950 73.3 33.3 fail fail 

1002642 1 1 4 1020 68.3 67.5 fail fail 

102799 1 1 2 920 20.8 44.5 fail pass 

122464 2 0.9 2 1010 8.3 
 
 

42.4 fail (max. fines 
at one station 
were too high) 

pass 

109079 11 0.9 2 1000 68.0 42.8 fail fail 

1086408 15 1.5 3 1030 43.3 48.8 fail pass 

112494 13 4.6 3 820 33.3 46.3 fail pass 

104641 9 1.6 3 780 62.5 58.9 fail fail 

1010194 5 1.4 2 1050 67.2 34.6 fail fail 

105265 12 0.8 2 900 73.3 48.5 fail fail 

1120313 2 0.7 3 790 91.7 68.8 fail fail 

1069677 5 0.7 2 1315 35.3 40.6 fail pass 

1128795 6 2.2 2 880 3.7 36.6 pass pass 

1057443 10 1.7 3 820 68.3 55.2 fail fail 

1065265 8 1.3 3 960 32.0 52.5 fail pass 

1190070 1 1.7 3 855 25.0 52.9 fail pass 

 

 

The second attribute question (Q8b) considers whether there are any particularly soft patches (that a foot 

can be wiggled into) measuring more than a threshold of 1% of the channel area. This attribute could not 

be reassessed at the time of the analyses because although thresholds were predicted based on non-
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harvested reaches, quantitative field data for the harvested sites could not be obtained. This is likely 

because of the relative simplicity in estimating an area of 1%. However, thresholds were calculated for 

the sites based on their relationship with the site physical attributes. The allowable range of soft patches 

of sediment was from 1.6 - 6.9% (mean 4.3%) with values dependent on the physical characteristics of 

each site. Future predicted thresholds can be easily converted to a whole number in units of m
2
 for ease of 

use. 
  

The third fine sediment attribute question (Q8c) is subjective and refers to the embeddedness of the 

stream substrate. Such a question would be difficult to answer at harvested sites not knowing how much 

natural sediment is contributing to the embeddedness. The negative answers for embeddedness at the 

reference sites were tested against the observed soil erodibility classifications and a positive relationship 

was found (χ
2
, p <0.001). There were zero negative answers for soil erodibility category 1, meaning all 

streams with low erodibility potential were not embedded, while 100% of the streams in the highly 

erodible class were observed to be naturally embedded (Fig. 4). This finding alone could help in the 

future assessment of this attribute at harvested reaches that have channel bed and banks consisting of soil 

in either of these categories. 
 

 

 

 

 

 

 

 

 

  

 
 

 

 
 

 

 

 

Figure 4. Percent of streams with negative response to embedded substrate indicator. 

 

 

 

Next, the sediment erodibility ranking was correlated with average fine sediments (Spearman p < 0.01), 
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from having 25.8 - 100% fine sediment as averaged across the 6 point stations where this attribute is 

measured  (mean 48.4), while the non-embedded reaches averaged from 7.7 - 26.6% (mean 17.9).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Substrate embeddedness in relation to soil erodibility and average fine sediments. 

 

 

To estimate natural embeddedness in harvested reaches, 95% confidence intervals were calculated for 

average fine sediments in each soil erodibility category, with the upper limits of each assumed to be the 

new threshold for comparison to harvested sites (Table 4). Using these thresholds, the MoFR sites were 

re-evaluated. Of the 13 sites that had been previously given a negative response, 6 were re-evaluated as 

having embedded substrate within the range of natural variation and upgraded to a positive response. In 

two cases where sites may have been downgraded from not embedded to embedded based on these 

general thresholds, the field observation of the non-embedded state took precedence.  
 

 

Table 4. Average fine sediment thresholds for the evaluation of naturally embedded substrate based on 

95% confidence intervals of reference site data. 
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The last attribute question (Q8d) for the fine sediment indicator asks if at least one sensitive invertebrate 

was present. Sensitive invertebrates were not re-assessed for this attribute because it was assumed that the 

protocol threshold of 1 is simply a proxy for recording their presence in what could be an inhospitable 

environment. In this case, all original responses were kept unchanged. Sensitive invertebrates were re-

evaluated for Q9 that pertains to invertebrate diversity.  

 

After re-tallying the results for all of the Q8 attribute questions, the indicator question of whether fine 

sediments had been minimized was re-evaluated. The negative responses at the sample sites dropped from 

90 to 58% after the re-evaluation compared to the original assessment (Table 5). This is assuming that the 

responses for Q8b (individual soft patches) would have been upgraded along with the other attributes had 

the data for those measurements been available. Thresholds in both m
2
 and percent may be calculated for 

future assessment of individual soft patches at harvested reaches, but this will require that field 

measurements be taken for comparison to the predicted thresholds. 

 

 

Table 5. Original and re-assessed attribute responses for fine sediment indicator. 

Attribute 
question # 

Attribute description Percent original negative 
responses (n = 31) 

Reassessed  
negative responses 

8a Av. fine sediment at point stations 
Max fines at one station, 
blanketed substrate 

90 55 

8b Individual soft areas 69 N/A 

8c Embedded substrate 42 23 

8d Sensitive invertebrates 7 7 

Indicator 
Question# 8 

Percent negative response  90 58 

 

 

3.2 Windthrow 

 
The range of recent windthrow observed at reference sites was from 1-12% (median 5) compared to a 

range of 0-83% (median 30) at harvested sites (Fig. 6).  The non-harvested site data was entered into the 

regression analyses along with the independent site variables and surprisingly, aspect was not a 

significant factor as suspected but soil and channel width together proved significant (p = 0.01). Soil had 

a positive relationship with windthrow, meaning that sites with more erodible soils had a higher 

occurrence of windthrow. Channel width had a negative relationship with windthrow, inferring that 

riparian areas surrounding larger channels were subject to less windthrow. It is not clear why channel 

width was significant, but it may be related to a higher amount of soil moisture found in the riparian area 

of the smaller streams at lower gradients. It may also be that larger streams produce larger canopy gaps 

and an increase in unevenness in canopy density, resulting in naturally more wind-firm riparian stands. 

The variance explained by the selected site characteristics was moderate (squared multiple r = 0.414) 

indicating that there are likely other factors influencing the variation in the results. As a secondary 
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measure, the total amount of windthrow observed at the non-harvested reaches was entered into the 

analyses, but the variance explained was even lower (squared multiple r = 0.340) and thus the results for 

total windthrow were not considered further. Information on soil moisture, species, and degree of insect 

damage would likely improve the predictive ability of the model. A description of the riparian vegetation 

observed at the non-harvested sites grouped by their respective biogeoclimatic variant is provided in 

Appendix III, along with associated windthrow values. This information may provide insight into the type 

of environment that may be susceptible to windthrow and help to determine what is normal for future 

evaluations. For example, even though the contribution of dead pine to the overstory was similar in both 

SBSmc2 and SBSdw3 variants, recent windthrow was twice as high in SBSdw3 stands.  

 

 

 
   

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Comparison of the range of recent windthrow values between reference and harvested sites. 

 

The thresholds for windthrow were calculated to be 5 and 10% above the predicted upper confidence 

limits in order to provide estimates for the first two attribute questions that allow for these respective 

amounts “over unmanaged reaches in the same area”; the difference between the two are in relation to 

different classifications and management plans (Tripp et al. 2009). After the thresholds were compared to 

field values, the attribute questions were given a new positive or negative response and compared to the 

original assessment. Three sites were not given quantitative values in the original assessment and were 

omitted. All of the other responses for windthrow assessed in S1-S3 Riparian reserve Zones (RRZ’s) or 

S4-S6 Riparian Management Zones (RMZ’s) with Wildlife Tree Patches (WTP’s) (Q10a) were identical 

to the reassessed responses. There was only one change in the re-evaluated responses for post-treatment 

windthrow in the S4-S6 RMZ’s that are not part of a WTP (Q10b) and that was from a positive to a 

negative. The site that was downgraded had a predicted threshold value of 8.9% and an observed 

windthrow value of 11.3% (Table 6).  
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Table 6. New threshold values and reassessed status of previously evaluated sites for windthrow 

abundance attribute. Changed status is indicated in boldface. 

 

Site ID Sample # Channel  
Width (m) 

Soil Field  
Data 

5% 
Threshold 

10% 
Threshold 

Previous  
Assessment 

New 
Assessment 

79769 2 1.2 1 46.7  6.3 fail fail 

74898 1 1.6 3 35.7  8.5 fail fail 

74898 2 1.2 3 41.1  9.6 fail fail 

79769 1 0.7 1 42.2  8.0 fail fail 

122494 1 1.7 2 4.1 6.1  pass pass 

1008747 1 1.1 2 60.0  8.1 fail fail 

106568 2 1.2 4 35.2  11.6 fail fail 

117779 1 1.1 3 6.7  10.0 pass pass 

102799 4 9.5 3 12.5 6.8  fail fail 

102799 2 1.8 2 34.4 5.9  fail fail 

102799 3 0.6 2 33.3  10.3 fail fail 

69100 1 5.8 2 17.2 5.0  fail fail 

96811 1 2 2 0.0 5.6  pass pass 

102799 1 1 2 15.6 8.1  fail fail 

122464 2 0.9 2 11.3  8.9 pass fail 

109079 11 0.9 2 83.0  8.9 fail fail 

1086408 15 1.5 3 15.0 8.3  fail fail 

112494 13 4.6 3 24.3 6.7  fail fail 

104641 9 1.6 4 29.9 10.0  fail fail 

1010194 5 1.4 2 30.6 6.8  fail fail 

105265 12 0.8 2 0.0  9.3 pass pass 

1120313 2 0.7 4 69.0 12.9  fail fail 

1069677 5 0.7 2 0.0  9.8 pass pass 

1128795 6 2.2 2 26.0 5.5  fail fail 

1190070 1 1.7 3 58.0 7.9  fail fail 

1057443 10 1.7 3 7.0 7.9  pass pass 

1065265 8 1.3 3 38.2 8.9  fail fail 

 

 

 

 

The third attribute question for windthrow is qualitative and considers the functionality of designated 

wildlife trees with the option of marking N/A if there are no designated wildlife trees. All of the MoFR 

data was entered as N/A for this attribute. The total negative response for the main indicator question 

once the re-evaluations were complete was 78%, a 4% increase over the original data due to the 

downgrade in status for the one site (Table 7).  
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Table 7. Original and re-assessed attribute responses for the windthrow indicator. 

Attribute 
question # 

Attribute description Percent original 
negative responses  

Reassessed  
negative responses 

10a Post-treatment windthrow >5% (n = 15) 73 73 

10b Post-treatment windthrow >10% (n =12) 75 83 

10c Wildlife trees N/A N/A 

Indicator 
Question #10 

Percent negative response 74 78 

 

 

3.3 Moss 

 

Moss is an indicator that often received a negative response in both the Bowron River watershed and the 

Vanderhoof Forest District because it is frequently absent (Nordin et al. 2009, K. Hebb, MoFR, pers. 

comm.). It is also a sensitive indicator because a negative response to any one of the three attribute 

questions will trigger a negative response for the main indicator question. Coupling was found to be a 

significant predictor variable after completing the regression analyses using the non-harvested reach data. 

It had a positive relationship with moss, meaning streams with greater adjacent hillslopes were observed 

to contain more moss. This may be a function of overall cooler riparian temperatures and greater shade 

regimes in coupled riparian areas. The threshold predicted for average moss measured among point 

stations (Q7a) at coupled sites was close to the 1% threshold set in the protocol (Table 8). However, moss 

was absent from a few partly coupled sites and all of the decoupled sites which accounts for the zero 

threshold given (actual predicted threshold from the regressions was a negative value).  
 

 

Table 8. Threshold values for moss in the Vanderhoof Forest District by degree of hillslope coupling. 

Coupling Moss Threshold % (minimum abundance) 

1 – Decoupled  0 

2 – Partially Coupled 0.31 

3 – Coupled  1.26 

 

 

There were 3 sites that were downgraded from a positive to a negative response for abundance of moss 

after comparison of the MoFR site data to the new threshold values. These sites were all coupled, but did 

not meet the new threshold of 1.26%, although they had exceeded the original threshold of 1% (Table 9).  

Five sites were upgraded from a negative to a positive response based on the new thresholds and these 

sites were uncoupled or partially coupled.  
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Table 9. New threshold values and reassessed status of previously evaluated sites for moss abundance 

attribute. Changed status is indicated in boldface. 

 

Site ID Sample 
# 

Coupling Field 
Data 

New 
Threshold 

Previous 
Assessment 

New 
Assessment 

79769 2 3 0 1.26 fail fail 

85447 1 1 4.33 0.00 pass pass 

74898 1 1 0.00 0.00 fail pass 

74898 2 1 0.00 0.00 fail pass 

79769 1 3 0.00 1.26 fail fail 

1054871 1 3 1.00 1.26 pass fail 

122494 1 2 9.33 0.31 pass pass 

1008747 1 3 0.00 1.26 fail fail 

106568 2 2 3.33 0.31 pass pass 

117779 1 3 0.83 1.26 fail fail 

64230 3 3 39.17 1.26 pass pass 

102799 4 2 12.50 0.31 pass pass 

102799 2 3 3.33 1.26 pass pass 

102799 3 3 0.00 1.26 fail fail 

69100 1 2 8.67 0.31 pass pass 

96811 1 1 0.17 0.00 fail pass 

1002642 1 3 0.67 1.26 fail fail 

102799 1 3 1.17 1.26 pass fail 

122464 2 3 4.17 1.26 pass pass 

109079 11 2 0.18 0.31 fail fail 

1086408 15 2 0.67 0.31 fail pass 

112494 13 2 0.50 0.31 fail pass 

104641 9 3 4.83 1.26 pass pass 

1010194 5 1 2.00 0.00 pass pass 

105265 12 2 0.17 0.31 fail fail 

1120313 2 2 0.00 0.31 fail fail 

1069677 5 3 4.00 1.26 pass pass 

1128795 6 3 1.00 1.26 pass fail 

1190070 1 3 8.00 1.26 pass pass 

1057443 10 2 0.02 0.31 fail fail 

1065265 8 2 1.00 0.31 pass pass 

 

 

The next two attributes (7b and 7c) considered when answering the main indicator question are qualitative 

and related to the health and condition of any moss present. These responses were left unadjusted but 

were considered in the re-evaluation for the final main indicator response. Though the total negative 

response for the main indicator question was only a 3% decrease from the original data (Table 10), there 

were several sites that had changed status compared to the original assessment. The newly adjusted sites 



IMPROVING A STANDARD MONITORING PROTOCOL – PHASE II  

 

 

26

more accurately target the effects of harvesting and therefore give better insight into the effectiveness of 

management practices.  

 
 

Table 10. Original and reassessed attribute responses for moss indicator. 

Attribute 
question # 

Attribute description Percent original  
negative responses  

Reassessed  
negative responses 

7a Moss abundance 43 36 

7b Moss is not damaged  32 32 

7c Moss growth is vigorous 18 18 

Indicator 
Question #7 

Percent negative response 68 65 

 

3.4 Fish Cover 

 

The RMREE requires that 5 of the 7 attribute questions are positive for the main fish cover indicator 

question in order to receive a “yes” answer. It was suggested that the reason for the occasional failure of 

this indicator in the Vanderhoof Forest District was because of the high amount of fine sediments that are 

naturally present, reducing the likelihood of boulders and interstitial spaces between rocks – two of the 

fish cover attributes (Appendix I). MoFR data from 2006-2009 support this suggestion, with negative 

responses to the unembedded boulders and void spaces attribute questions representing 31 and 23% of the 

sites respectively. Aquatic vegetation received the highest percentage of negative responses when all 

attributes were compared (Table 11). Although many of the fish cover attributes were answered 

negatively, the allowance of 2 “no” answers to the 7 attribute questions for this indicator explains why 

just 12% of the sites received a negative response to the main question. It should be noted that negative 

answers to these attributes does not necessarily equate to poor fish cover in this region, only that these 

components are of lower importance to local fish populations. Generally, undercut banks, over-stream 

vegetation and LWD form equally important cover, and the absence of one or more of these attributes 

may prove more detrimental in the Vanderhoof Forest District than the absence of larger rock types. 
  

 

Table 11. Percent negative responses at harvested reaches for each of the fish cover attributes. 

Question # Attributes % of sites with negative response 

6a Deep pools 23 

6b Unembedded boulders 31 

6c Organic material 0 

6d Undercut banks 0 

6e Aquatic vegetation 85 

6f Overhanging vegetation 0 

6g Void spaces in substrate 23 

Q6 Main indicator response 12 

 



IMPROVING A STANDARD MONITORING PROTOCOL – PHASE II  

 

 

27

Although fish cover did show a correlation with the soil erodibility factor using data from the unmanaged 

reaches (Spearman p < 0.05), the soil variable was removed from the stepwise regression because 

coupling and elevation were found to be better predictor variables when all were considered together. 

Both coupling and elevation showed a positive relationship with the number of fish cover attributes 

meaning lower elevation, decoupled streams are expected to have a lower number of fish cover types. 

Streams found in higher elevations and/or were coupled were expected to have a higher number of fish 

cover attributes.  

 

After the thresholds were predicted for harvested sites and compared to the original cover data, the 

percentage of sites that received a negative indicator response for the main indicator question decreased 

from 16 to 4%. The values predicted for the new thresholds ranged from 3 – 5 (fish cover attributes 

required to keep the main indicator positive) and were dependent on the associated physical 

characteristics of the sites (Table 12). The upper threshold limit for these sites is coincidentally consistent 

with the original limit set in the protocol, while the lower limit accounts for local landscape conditions 

that affect this indicator negatively.  
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Table 12. New threshold values and reassessed status of previously evaluated sites for fish cover 

indicator. Changed status is indicated in boldface. 

 

Site ID Sample # Elevation 
(m asl) 

Coupling Field 
Data 

New 
Threshold 

Previous 
Assessment 

New 
Assessment 

79769 2 980 3 4 4 fail pass 

85447 1 1190 1 6 4 pass pass 

74898 1 1035 1 5 3 pass pass 

74898 2 1020 1 6 3 pass pass 

79769 1 980 3 6 4 pass pass 

1054871 1 1000 3 N/A 5 NA N/A 

122494 1 1270 2 6 5 pass pass 

1008747 1 865 3 5 4 pass pass 

106568 2 940 2 6 4 pass pass 

117779 1 970 3 N/A 4 NA N/A 

64230 3 1315 3 N/A 5 NA N/A 

102799 4 920 2 N/A 4 NA N/A 

102799 2 920 3 6 4 pass pass 

102799 3 930 3 6 4 pass pass 

69100 1 1050 2 6 4 pass pass 

96811 1 950 1 5 3 pass pass 

1002642 1 1020 3 3 5 fail fail 

102799 1 920 3 6 4 pass pass 

122464 2 1010 3 6 5 pass pass 

109079 11 1000 2 4 4 fail pass 

1086408 15 1030 2 N/A 4 NA N/A 

112494 13 820 2 7 3 pass pass 

104641 9 780 3 5 3 pass pass 

1010194 5 1050 1 5 3 pass pass 

105265 12 900 2 5 4 pass pass 

1120313 2 790 2 5 3 pass pass 

1069677 5 1315 3 N/A 5 NA N/A 

1128795 6 880 3 5 4 pass pass 

1190070 1 855 3 5 4 pass pass 

1057443 10 820 2 4 3 fail pass 

1065265 8 960 2 6 4 pass pass 
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3.5 Aquatic Invertebrates 

 

Question 9 refers to aquatic invertebrate diversity and is not as sensitive as some of the other main 

questions in that it takes 3 negative responses to the 4 attribute questions before the main indicator 

question is also negative. After the regression analysis, slope, soil erodibility, and channel width were 

found to be significant factors when tested against sensitive invertebrates (soil, slope, channel, width), 

major groups (soil), total insects (slope), and total invertebrates (slope). Surprisingly, where soil was 

significant, the relationship was positive, meaning there were more sensitive invertebrates and major 

groups when soils were ranked more erodible. This unexpected result may be explained by a number of 

reasons. First, the RMREE protocol defines fine sediments as those under 4 mm, but the larger portion of 

that range contains sands and small gravels which may not be as detrimental to benthic invertebrates as 

smaller particles. Kaller and Hartman (2004) found that changes in the taxonomic diversity of the aquatic 

insects in the groups Ephemeroptera, Plecoptera, and Trichoptera (mayflies, stoneflies, and caddisflies) 

were only significantly correlated with changes in the abundance of smaller-sized particles (<0.25 mm). 

Field observations confirm that the majority of the fine sediments measured were in the 2-4mm range. 

Therefore, when a large number of fine sediments were recorded, they were not necessarily in a size class 

that would negatively affect many of the common benthic insects, especially if the sands and small 

gravels were loose rather than cemented. Secondly, when these particles were found in combination with 

larger gravels and cobbles, the increase in substrate size heterogeneity may have led to increases in 

invertebrate diversity. Kreutzweiser et al. 2005 found that increases in fine sediment minimally affect 

aquatic invertebrate diversity because of shifts in community structure. Thus, a matrix of sand and small 

gravels may not have been a detriment to otherwise sensitive species and in addition, may have been 

conducive to the habitat requirements of other invertebrates including burrowing groups such as 

Chironomidae, Oligochaeta and Sphaeridae (Waters 1995).  
 

After the re-evaluation, 0% of the harvested sites received a negative response for major invertebrate 

groups (9b), compared to 71% prior to adjustment. However, the percentage of sites with negative 

responses for all other attributes increased, thus increasing the percentage of sites with a negative 

response to the main indicator question (Table 13). While this increase may be a true reflection of harvest 

impacts, it could also be explained in part by the timing of MoFR evaluations compared to those in this 

study. While the evaluations for non-harvested reaches were taken during low flow in October, the MoFR 

evaluations were taken from mid-June to September (K. Hebb, MoFR Vanderhoof, personal 

communication). Samples taken earlier in the year may have been subject to higher flows, which can not 

only increase suspended sediment (Milner et al. 1981, Carling 1992), but also carry benthic invertebrates 

downstream (Bond and Downes 2003). These events may have effectively entrained the majority of 

invertebrates that dwell at or near the surface of the substrate, while retaining many of the burrowing 

species. Increased shear and the abrasion caused by transported sediment particles have both been 

hypothesized as mechanisms causing disturbance to benthic assemblages in other studies (Milner et al., 

1981; Downes et al., 1998).  
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Table 13. Original and re-assessed attribute responses for invertebrate diversity indicator.  

 

 

 

3.6 Summarization of fine sediment, windthrow, moss, fish cover, and aquatic 

invertebrate diversity indicators. 

 

The indicators that changed status because of the re-evaluation of the above attributes were tallied with 

the other indicators to identify any changes to the functioning condition of the site. Three of the sites were 

upgraded from functioning at low risk to properly functioning, and six sites were upgraded from 

functioning at high risk to functioning at low risk for a total percent upgrade of 29 % (Table 14). One site 

was downgraded from functioning at low risk to functioning at high risk and one was downgraded from 

functioning at high risk to not properly functioning for a total percent downgrade of 6 %. 

 

 

Table 14. Re-assessed condition rating of previously evaluated streams in the Vanderhoof Forest District. 

Changes to site functioning condition are indicated in boldface.  

SAMPLE ID # Previous # 
“No” answers 

New # 
“No”  

answers 

Old condition rating New  condition rating 

117779-1 3 2 Functioning at Low Risk Properly Functioning 

64230-3 3 2 Functioning at Low Risk Properly Functioning 

102799-1 3 2 Functioning at Low Risk Properly Functioning 

122494-1 3 3 Functioning at Low Risk Functioning at Low Risk 

1008747-1 4 4 Functioning at Low Risk Functioning at Low Risk 

106568-2 3 3 Functioning at Low Risk Functioning at Low Risk 

69100-1 4 4 Functioning at Low Risk Functioning at Low Risk 

96811-1 3 3 Functioning at Low Risk Functioning at Low Risk 

122464-2 4 4 Functioning at Low Risk Functioning at Low Risk 

104641-9 4 4 Functioning at Low Risk Functioning at Low Risk 

1010194-5 3 4 Functioning at Low Risk Functioning at Low Risk 

105265-12 3 4 Functioning at Low Risk Functioning at Low Risk 

1128795-6 3 4 Functioning at Low Risk Functioning at Low Risk 

1190070-1 4 3 Functioning at Low Risk Functioning at Low Risk 

1002642-1 4 5 Functioning at Low Risk Functioning at High Risk 

Attribute 
question # 

Attribute description Percent original 
negative responses  

Reassessed  
negative responses 

9a Sensitive Invertebrates 6 77 

9b Major Invertebrate Groups 71 0 

9c Insects 32 55 

9d Total Invertebrates 39 48 

Indicator 
Question #9 

Percent negative response 26 48 
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74898-2 5 4 Functioning at High Risk Functioning at Low Risk 

102799-4 5 4 Functioning at High Risk Functioning at Low Risk 

102799-2 5 4 Functioning at High Risk Functioning at Low Risk 

1057443-10 5 4 Functioning at High Risk Functioning at Low Risk 

1065265-8 5 4 Functioning at High Risk Functioning at Low Risk 

112494-13 5 4 Functioning at High Risk Functioning at Low Risk 

85447-1 6 5 Functioning at High Risk Functioning at High Risk 

74898-1 5 5 Functioning at High Risk Functioning at High Risk 

79769-1 5 5 Functioning at High Risk Functioning at High Risk 

1054871-1 5 5 Functioning at High Risk Functioning at High Risk 

102799-3 5 5 Functioning at High Risk Functioning at High Risk 

1069677-5 6 5 Functioning at High Risk Functioning at High Risk 

1120313-2 6 7 Functioning at High Risk Not Properly Functioning 

79769-2 10 9 Not Properly Functioning Not Properly Functioning 

109079-11 8 8 Not Properly Functioning Not Properly Functioning 

1086408-15 9 8 Not Properly Functioning Not Properly Functioning 

 

 

 

3.7 Other Indicators 

 

There were other attributes that were measured but were not taken through the entire analyses to the final 

indicator adjustment stage because they were either a consideration for the evaluation of an indicator that 

had a low percentage of negative responses, and/or were associated with other attributes that had 

qualitative assessments, or the data did not meet the assumptions of normality required by parametric 

statistics. For example, mid channel bars, multiple channels, and lateral bars are all attributes for the 

channel bed disturbance indicator (Q1, Appendix I) but according to the 2006-2009 MoFR data, this 

indicator did not have any negative responses which suggests that it is not biased by the landscape 

variability of the region enough to be notable.   

 

Shade is an attribute for the bank microclimate indicator (Q13), which received relatively low negative 

responses at the MoFR sites (6%), and zero negative responses at non-harvested reaches. The significant 

independent variables found for shade included coupling and soil. These findings differ from those in the 

Bowron study that found that channel width was the only significant predictor variable for shade (Nordin 

et al. 2008). It is likely that there was not a great enough range in channel width (0.8 - 5.1 m) in the non-

harvested study sites to show a significant relationship with shade, or that coupling and soil were the 

stronger influencing factors in this area.  

 

Reaches with negative responses to the stream bank indicator question (Q2) averaged just over 10% for 

the previously MoFR sites, but there were no negative responses for this indicator at non-harvested 

reaches. The bank disturbance attribute for the main indicator question was found to be influenced by soil, 

channel width and slope. The upturned rootwad attribute was linked to aspect, soil, coupling, slope, and 

channel width. The remaining two attributes for the stream bank indicator (undercut banks and deep 
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rooted banks) exhibited little variability and could not be significantly associated with any of the 

independent site characteristics.  
 

Blockages affecting the aquatic connectivity indicator (Q5) could not be analyzed because of unsuitable 

data, but the number of large woody debris (LWD) accumulations spanning the channel at each of the 

sites was entered into the analyses as a surrogate to estimate possible influencing factors. Slope, coupling, 

and channel width were all significantly associated with channel-spanning debris (P = 0.007) and are 

potential factors that influence the number of blockages at a sample reach. Increases in coupling were 

associated with increases in LWD that spanned the channel, while increases in channel width and slope 

were associated with decreases in channel-spanning LWD. The remaining attributes for aquatic 

connectivity are subjective and are usually not given negative responses, with the exception of the 

occasional case of an inappropriate crossing structure (MoFR, data not shown).   

 

Large woody debris spanning the channel is an attribute for the LWD main indicator (Q3).The new 

threshold values predicted for the MoFR data based on the site variables identified above ranged from 3-

18 (median = 12) maximum allowable accumulations, depending on the site characteristics mentioned 

previously. Coincidently, 12 is the current threshold for maximum allowable blockages in the RMREE 

protocol. The predicted threshold values above and below that number in this study are more specific to 

the reach characteristics observed at those sites. For example, the site with only 3 allowable 

accumulations was 9.5 m wide on a 3% slope that was partially coupled. These characteristics were 

interpreted to predict that accumulations spanning the channel would not number more than 3 at a similar 

non-harvested reach. The other attributes that are considered to answer the LWD indicator question are 

qualitative and/or did not have data appropriate for analyses, though observations at non-harvested 

reaches did indicate that the majority of LWD accumulations were not recent, which is a  consideration 

for these attributes.  
 

Pool length is an attribute for channel morphology (Q4), which received a relatively low negative 

indicator response in previous MoFR evaluations. The pool length indicator was occasionally given a 

negative response at non-harvested reaches, and after the analyses was found to be influenced by 

elevation and slope. The other attributes that are considered for this indicator were substrate texture and 

deep pools, and the associated data was not appropriate for analyses.  
 

Thresholds could not be developed for the attributes related to riparian soil disturbance because of the 

general lack of such at non-harvested reaches, with the exception of sites exposed to cattle. Disturbed 

ground totaled 53 and 80% at the two non-harvested sites that experienced heavy cattle use, with the 

difference attributed to the degree of coupling at the sites (one was relatively flat and one had steep 

adjacent hillslopes). Unfortunately, there was no way to statistically account for this variable to improve 

the accuracy of future RMREE’s, but it is helpful that the source of the damage is easily distinguishable 

and can be accounted for at the site. Heavily grazed non-harvested sites also contained 

disturbance/increaser plant species. These species were rarely seen at non-harvested sites and noxious 

weeds were not observed at all. Again, the correlation with cows makes any type of statistical analyses 

difficult, but the negative indicator response is relatively low (<10%) and not a present concern for the 

MoFR RMREEs. 
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Figure 7. Typical disturbed ground caused by heavy cattle use in the Vanderhoof Forest District. 
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4.0 CONCLUSIONS 

 
This study shows that the presence of naturally occurring fine sediment in the Vanderhoof Forest District 

is influencing the assessment of stream and riparian functioning condition when the current RMREE 

thresholds are used. Accounting for the fine sediment where it was naturally present changed the expected 

threshold values for many of the attributes, especially those representing the fine sediment indicator, 

which generally improved the overall indicator status and condition ranking of the sample reach. 

Including other site characteristics such as channel width and elevation explained the variability further in 

cases where these were also contributing factors. It must be stressed that the calculations to predict the 

thresholds in this study are specific to the Vanderhoof Forest District and will not necessarily be 

applicable to other areas.  

 

Although the change in one attribute does not necessarily result in the change of indicator status because 

of other associated attributes, adjusting for regional conditions where possible is a first step toward 

identifying impacts that are a result of harvesting and mitigating bias from natural factors. In addition to 

improving the accuracy of determining which of the sites are outside of the range of natural variation, 

knowing the influences on a particular attribute can help make informed decisions regarding the more 

qualitative attribute questions. For example, now that it is apparent that moss is not usually observed at 

non-harvested uncoupled reaches, any moss that is observed at these sites in the future may be more 

conservatively assessed for vigour and condition. Likewise, the large amount of mountain pine beetle 

(MPB) killed pine in this area (Appendix III) could also be taken under consideration when judging 

whether riparian vegetation is “normal.” Implementing the study method for attributes that are otherwise 

judged using general thresholds will improve the assessment of harvested reaches and likely lower the 

error associated with falsely declaring an impact when there isn’t one. 

 

The statistical power ranged from 0.85 – 0.95 among the tested attributes, validating the sample size used 

in the study. However, it would be beneficial to continue to add non-harvested sample results to the 

existing data set, especially if any extreme weather events occur. In addition to improving the 

predictability of the method used here, non-harvested reach data can be used further in future before/after 

comparisons as areas are harvested and subsequent RMREE’s are completed. It may also be useful to 

obtain more quantitative information on BEC parameters such as soil moisture and vegetation structure 

(particularly beetle-killed pine contribution) so a more accurate assessment can be made with respect to 

windthrow. 
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APPENDIX II 
Locations of 2009 Study Sites and 2006-2009 MoFR 

Sites

 



 

 

APPENDIX III 
 

Description of riparian vegetation at reference reaches by BEC classification.  

Corresponding windthrow values are given. 

 

 

ESSFmv1 

 

The vegetation description for the following site indicates a sub-hygric to hygric moisture regime within 

the ESSFmv1 variant. Recent windthrow for this site was 2%; total windthrow was 5%. 

 

Site 6 

 

Overstory trees in the immediate riparian area include Sx(Bl). All are healthy and vigorous. PlSx(Bl) in 

surrounding riparian and all pine are dead (MPB). Understory consists of balsam, spruce, and some pine. 

All look mainly healthy except for browsed young balsam. Some of the understory may be suppressed. 

Shrub layers consist of limited twinberry, willow, and scattered ribes spp. Some crowberry noted on 

hillslope. Herbs are horsetail, grass spp., and palmate coltsfoot. Mosses are abundant and vigorous. 

Various ground and aboreal lichen. Moderate CWD that is in mid- late decay stage. Good future 

recruitment of CWD. Few snags are present that reflect surrounding dominant tree species. Good future 

recruitment of snags, especially where dead pine prevails. Normal amounts of small canopy gaps (<0.01) 

formed by naturally wet areas or windfall.  

 

 

SBSmc2 

 

The vegetation descriptions for the following sites indicate a hygric to sub-hydric moisture regime within 

the SBSmc2 variant. Average recent windthrow among sites in this category was 3%; average total 

windthrow was 10%. 

  

Site 1 

 

Overstory trees include Pl(Sx). Most pine is dead due to MPB. Understory trees include spruce and 

balsam, which appear immature or suppressed. The shrub layer consists of alder, willow, twinberry, 

highbush cranberry, thimbleberry, ribes spp, prickly rose, and blueberry. Herbs are fireweed, bunchberry, 

coltsfoot, cow parsnip, oakfern and grass spp. Moss is abundant. Aboreal lichens are present on dead 

pine. CWD consists of spruce in a late decay stage. There is an abundance of snags, which are mostly 

dead pine in an early decay class. Spruce and balsam snags are also scattered in the area (mid-decay). Few 

and gaps exist which are small in size. Average recent windthrow for this site was 2%, total windthrow 

was 7%.   

 

Site 2 

 

Overstory trees include Pl(Sx), with scattered At and Ac. Understory trees consist of immature or 

suppressed pine, aspen, and cottonwood. The shrub layer consists of willow, alder, twinberry, 

thimbleberry, elderberry, raspberry and ribes spp. Notable herbs are horsetail, ferns, cow parsnip, 

fireweed, and grass spp. Mosses are abundant. Lichens are limited to timber (aboreal) along outside edge 

of RRZ. There are very few pieces of CWD, mostly in late decay stages, with limited new recruitment. 

Snags are abundant and are mostly recent MPB killed mature pine. Gaps are natural and of variable size. 



 

 

A significant part of immediate riparian is devoid of mature canopy. Average recent windthrow for this 

site was 1%, total windthrow was 8%. 

 

Site 7 

 

Overstory trees include Sx(Pl) with minor Bl. Spruce is health and vigorous, but pine is dead (MPB). 

Understory trees are spruce and balsam, and all are healthy and vigorous, especially in natural gaps. 

Shrub layers include alder (dominant), twinberry, and ribes spp. Herbs are bunchberry, horsetail, ferns, 

fireweed, false solomon’s seal, and wintergreen. Club moss was observed. Moss spp. are abundant. Few 

aboreal lichens. CWD is abundant in all decay stages with lots of future recruitment. Snags are few and 

consist of mostly dead pine and the odd large spruce with good future recruitment. Gaps are few and 

small formed by naturally wet areas or small windthrow patches; generally <.01 ha. Average recent 

windthrow for this site was 5%, total windthrow was 12%. 

 

Site 18 

 

Overstory is Sx(Pl) with scattered Ac. Spruce is healthy and vigorous. Scattered pine are dead (MPB). 

Nice, advanced understory coming up (spruce and balsam). Understory is evenly distributed and all are 

healthy and vigorous. Shrub layer includes alder (dominant), twinberry, rose, ribes spp. Herbs include 

cow parsnip, bunchberry, fern, wintergreen, grass spp. Clubmoss is noted. Moss spp. are present and 

healthy. Scattered aboreal lichen are present. There are few pieces of CWD, mostly small in diameter of 

mid to late decay. Some new pine trees are down and more are available for recruitment. A few snags are 

present and represent all decay stages. Pine trees are mostly in early decay stage. A few small natural 

canopy gaps (<.01ha) are present. Average recent windthrow for this site was 5%, total windthrow was 

14%. 

 

Site 19 

 

Overstory trees include Pl(Sx). Spruce look healthy, but pine is dead (MPB). Understory trees are limited, 

and consist mainly of scattered spruce in riparian area. Future stand recruitment is poor. Some patches of 

pine are scattered in upland areas. Shrub layer consists of alder, willow, twinberry, dwarf birch, rose, and 

Labrador tea. Herbs include cow parsnip, fireweed, horsetail. Club moss is noted. Moss spp. are also 

present but abundance is difficult to determine due to some snow cover. Aboreal lichen are present and 

scattered. Moderate quantities of CWD are present in mid-late decay stage, with good potential for future 

recruitment from dead pine. Many newer snags present in the form of dead pine. Older snags are few and 

far between. Suspect moderate-high windthrow risk due to amount of present windthrow observed, wet 

site indicator plants, and hummocks around some tree boles. Average recent windthrow for this site was 

2%, total windthrow was 20%. 

 

Site 24 

 

Overstory trees include Pl(Sx). Eighty percent of pine trees are dead (MPB). Spruce are healthy and 

vigorous. Spruce, pine, and balsam make up understory. Most look healthy and vigorous, but may be 

suppressed. Shrub layers include willow, alder, twinberry, ribes spp., prickly rose, Labrador tea, and 

huckleberry. Herbs include water hemlock, bunchberry, fireweed, grass spp., and cow parsnip. Both 

sphagnum and club moss were observed. Reindeer and aboral lichen are present. There are moderate 

amounts of CWD, often in clumps. Most is late decay stage, but a few early-mid decay pieces were noted. 

Future recruitment of CWD is good. There are a few snags, which consist mostly of spruce in mid-decay 

and MPB-killed pine. Few small canopy gaps are present, caused by naturally wet areas or small clumps 

of windthrow. Average recent windthrow for this site was 2%, total windthrow was 8%. 

 



 

 

Site 28 

 

Overstory trees include Sx(Pl). The few pine present are dead (MPB), but spruce are healthy and 

vigorous. Understory consists of a mix of spruce and balsam which are very dense in some places, but 

healthy. Shrub layers include alder and twinberry (abundant), prickly rose, devil’s club, thimbleberry, and 

ribes spp. Herbs are cow parsnip, horsetail, bunchberry, fern, fireweed, twinflower, bishop’s cap, and club 

moss. Moss spp. are abundant and healthy. Aboreal lichen are scattered. Moderate amounts of CWD, with 

pieces in  mostly older decay stage except near the Sutherland River where some large spruce have come 

down recently. Future recruitment of CWD is good. Few snags, mostly early decay MPB killed. Some 

larger mid-decay spruce noted. Gaps are few and small. Average recent windthrow for this site was 2%, 

total windthrow was 5%. 

 

Site 29 

 

Overstory trees include PlSx. Spruce is healthy and vigorous, but pine is dead (MPB). Understory is 

scattered but a healthy spruce and balsam mix. Not a lot for future stand recruitment. Alder is dominant in 

shrub layer, with willow, twinberry, thimbleberry, prickly rose, and ribes spp. are also noted. Herbs 

include fireweed, bunchberry, bishop’s cap, fern, wintergreen, horsetail, cow parsnip, and grass spp. 

CWD is moderate with all species and decay classes present. Abundant future CWD recruitment from 

dead pine. Snags are also abundant with recent MPB-killed pine dominant. Gaps are few and small, 

created by wet areas or localized windthrow. Average recent windthrow for this site was 3%, total 

windthrow was 8%. 

 

SBSmc3 

 

The vegetation description for the following site indicates a sub-hygric moisture regime within the 

SBSmc3 variant. Recent windthrow for this site was 5%; total windthrow was 11%. 

 

Site 17 

 

Overstory includes Sx(BlPl) in healthy condition, surrounded by a Pl(Sx) in upland with ~30% of the pine 

MPB-killed. The remaining pine look good and if they survive will maintain pine stand characteristics 

into future. Understory species are spruce and balsam in healthy dense patches. Shrubs are dominated by 

alder and twinberry. Also present are elderberry, prickly rose, and raspberry. Herbs are horsetail, grass 

spp., bunchberry, cow parsnip, stinging nettle, ferns, and fireweed. Mosses are abundant and healthy. 

Lichens are also abundant and healthy (mostly aboreal). There is a moderate density of CWD (all species, 

diameters, and age classes). Good potential for CWD recruitment. Snags are scattered and few, consisting 

of old balsam and some MPB-killed pine. Good future recruitment of snags. Canopy gaps are extremely 

limited and only observed immediately along creek path in wetter soils. Average recent windthrow for 

this site was 5%, total windthrow was 11%. 

 

 

SBSdw3 

 

The vegetation descriptions for the following sites indicate a mesic to sub-hydric moisture regime within 

the SBSdw3 variant. Average recent windthrow among sites in this category was 6%; average total 

windthrow was 15%. 

 

 

Site 3  

 



 

 

Overstory trees include Pl(SxAt) with some scattered birch. Understory consists of balsam, spruce and 

aspen. Some balsam and spruce are in advanced stages and very healthy. The shrub layer includes alder, 

willow, red osier dogwood, twinberry, devil’s club, thimbleberry, high bush cranberry, rose, and ribes 

spp. Herbs are horsetail, false solomon’s seal, cow parsnip, oakfern, club moss, and bunchberry. Redstem 

moss is abundant. Some minor aboreal lichens. CWD is abundant and in all decay stages. Snags are also 

abundant and dominated by early decay pine, with some scattered aspen and spruce in early-mid decay. 

Gaps are typical small openings created by wet ground or windthrow (<0.01 ha). Average recent 

windthrow for this site was 4%, total windthrow was 12%. 

 

Site 4 

 

Overstory trees include Sx(Pl), with more pine in upland area. Spruce are healthy, but all pine is dead 

(MPB). Understory is spruce, with pine in upland areas. All appear healthy, but may be suppressed. 

Willow and alder are dominant in the shrub layer, with twinberry, spirea, and Labrador tea also present. 

Herbs include sedges, grass spp., fireweed, horsetail, and bunchberry. Sphagnum, club moss, and other 

moss spp. are present. Aboreal lichens are scattered throughout. CWD is moderate and in all stages of 

decay, and future recruitment is predicted to be abundant. There are moderate quantities of snags and 

consist mostly of pine in early decay. There are some spruce snags near stream that are suspected to be 

beetle-killed. Canopy gaps are small and natural and caused by wet areas or small patches of windthrow 

(<0.02 ha). Average recent windthrow for this site was 3 %, total windthrow was 10%. 

 

Site 11 

 

Overstory trees include PlSx. Pine is almost all dead (MPB), with some scattered green trees left. Spruce 

trees look healthy and vigorous. Mostly spruce and pine understory that look healthy but may be 

suppressed. Good spruce future recruitment. Pine recruitment to understory is limited. Shrub layers 

consist of willow and alder (snowpressed), twinberry, and highbush cranberry. Herbs are horsetail, 

fireweed, stinging nettle, ferns, bunchberry, and cow parsnip. Mosses are abundant and healthy looking. 

There are a few scattered aboreal lichens. CWD is abundant and mostly small diameter in all stages of 

decay. Lots of future recruitment of CWD from dead pine. There are moderate amounts of snags in the 

immediate riparian area, consisting of small spruce. Good potential recruitment because of large 

quantities of dead pine. Canopy gaps are small (<0.05 ha) and found in wetter areas or created by 

windthrow. Average recent windthrow for this site was 8%, total windthrow was 15%. 

 

Site 13 

 

Overstory trees include AtSx(PlDf) with scattered young birch and cottonwood. Young forest is healthy 

and vigorous except for dead pine (MPB). Understory includes Spruce, Douglas fir, aspen, cottonwood, 

and birch. All understory trees look good and healthy. The shrub layers consist of alder (dominant), 

twinberry, red osier dogwood, willow, devil’s club, and prickly rose. Herbs are cow parsnip, bunchberry, 

bishop’s cap, stinging nettle, and horsetail. Moss spp, are present but not in great condition because 

ground cover has been disturbed by excessive cattle use. Scattered aboreal lichens are present. Few pieces 

of CWD are present and consist of mostly small diameter conifer or large willow in mid to late decay. 

Good future recruitment of CWD. Few snags present which consist of older cottonwood but good 

potential recruitment as surrounding stand ages. Few small canopy gaps in surrounding forest, but larger 

along stream. Average recent windthrow for this site was 5%, total windthrow was 12%. 

 

Site 14 

 

Overstory trees include SxAt(Ac), with scattered small white birch. Understory includes spruce, aspen, 

cottonwood, and birch in generally healthy condition with some damage due to cattle. Good potential 



 

 

recruitment to maintain stand in current condition. Alder and willow are the dominant shrubs. Other 

shrubs include red osier dogwood, twinberry, devil’s club, raspberry, prickly rose, and spirea. Herbs are 

ferns, bunchberry, grass spp., dandelion and twisted stalk. Moderate density of moss, but all ground cover 

is stressed and/or trampled by cattle. Lichens are extremely limited to scattered small patches on old 

CWD. CWD pieces are moderate and represented by all species (incl. alder and willow) in all decay 

stages. There is good potential recruitment of CWD. There are a few scattered cottonwood snags and 

good potential recruitment as older trees die off. Gaps are abundant and large, caused by cattle activity. 

Average recent windthrow for this site was 6%, total windthrow was 15%. 

 

Site 25 

 

Overstory trees include Sx(AcAt) that are generally very vigorous and healthy. Open forest type. 

Scattered pine trees are dead (MPB). Understory consists of spruce, cottonwood, and pine that are 

vigorous and advanced. The shrub layer is dominated by alder and twinberry. Other shrub species include 

willow, red osier dogwood, prickly rose, and raspberry. Herbs are grass spp., fern, horsetail, cow parsnip, 

stinging nettle, fireweed, and bishop’s cap. Mosses are in moderate densities but buried in leaf litter at this 

time. Exposed moss looks stressed due to heavy wildlife use. Lichens are mostly aboreal and in good 

healthy densities. The CWD is moderate and in a late decay stage. Aspen and cottonwood CWD have 

been cut by beavers. The younger surrounding stand will limit near future CWD recruitment. There are 

few snags present that consist mostly of scattered dead pine and smaller spruce. Good potential 

recruitment as stand ages. Canopy gaps are small and caused by old beaver pond and areas felled by 

beavers (<0.05 ha). Average recent windthrow for this site was 5%, total windthrow was 10%. 

 

Site 26 

 

Overstory trees: left bank consists of PlSxFd, right bank is Sx(Fd). Most immature pine is alive, but all 

older stems are dead (MPB). Remaining species are all healthy and vigorous. Understory consists of pine, 

spruce, Douglas fir, aspen and birch. All are healthy and vigorous. Open dominant canopy limits 

repression. Tall shrubs are dominated by red osier dogwood and twinberry. Also present are willow, alder 

mountain ash, thimbleberry prickly rose, and ribes spp. Herbs include oak fern, grass spp. fireweed, cow 

parsnip, and horsetail. Mosses are abundant and appear healthy. Lichens are limited and scattered 

(aboreal). CWD is abundant and mostly in late decay stage with a few newer pieces. Snags are few and 

mostly large old spruce. Future snag recruitment is good. Some dead pine over crest of hill but will not 

influence riparian. Canopy gaps are few and small. Entire riparian is also a natural gap that extends ~10 m 

either site of the channel. No artificial gaps noted. Average recent windthrow for this site was 12%, total 

windthrow was 31%. 

 

Site 31 

 

Overstory trees: left bank, Dead Pl with scattered Bl and At. Right bank, Sx(PlAt) – open stand with lots 

of advanced regen. Understory trees include scattered spruce and balsam on the left bank and dense 

spruce, balsam, and pine on the right bank. Shrub layer includes alder, twinberry, ribes spp., highbush 

cranberry, blueberry, spirea and prickly rose. Herbs are bunchberry, false solomon’s seal, bishop’s cap, 

grass spp., cow parsnip, queen’s cup, club moss and fireweed. Mosses are abundant and healthy. Lichens 

are mostly aboreal with scattered distribution. CWD is abundant in all decay classes. Canopy gaps found 

in small areas around wet ground. Average recent windthrow for this site was 5%, total windthrow was 

13%. 

 

SBSdk 

 



 

 

The vegetation description for the following site indicates a sub-hygric to hygric moisture regime within 

the SBSdwk sub-zone. Recent windthrow for this site was 11%; total windthrow was 20%. 

 

Site 15 

 

Overstory trees include Sx(Ac) with scattered Pl and At. Spruce and cottonwood look good, but pine is 

dead (MPB). Understory trees are spruce and cottonwood that are scattered and mostly out-competed by 

shrubs. However, there seems to be enough to maintain current stand status. Alder and twinberry 

dominate the shrub layer. Willow, red osier dogwood, highbush cranberry and raspberry are also present. 

Herbs include mostly grass spp. with stinging nettle, fern, horsetail, and cow parsnip. Mosses are limited. 

This is a very wet and low area with a very dense shrub and herb layer. The mosses that are present look 

healthy. Aboreal lichen are abundant on scattered conifers. CWD in also abundant and consists mostly of 

large alder and willow. Some newer spruce and cottonwood pieces are scattered about. Snags are few and 

consist mostly of dead pine. Canopy gaps are small (<0.05 ha) and natural due to wet nature of riparian. 

Shrubs seem to be outcompeting trees in this area.  

 

 

SBS 

 

Subzone and variant are unknown for this site.  

 

Site 30 

 

Overstory trees are dominantly Pl, with some scattered Sx and At. Understory consists of very few spruce 

and aspen, likely not enough to regenerate stand. Twinberry is the dominant shrub. Alder, willow, spruce, 

spirea, prickly rose, and ribes spp. are also shrubs that are present. Herbs consist of stinging nettle, cow 

parsnip, fern, fireweed, and abundant grass spp. Mosses are limited and seem outcompeted by dense 

grasses and spirea. Scattered patches of moss appear healthy. Lichens are also limited and mainly consist 

of  scattered aboreal species on older spruce. Snags are abundant and consist mainly of dead pine. CWD 

is in moderate to high densities and in moderate - late decay stage with many new pieces being added. 

Gaps are natural and moderately sized in wetland type areas (<0.3 ha). Recent windthrow was 9%; total 

windthrow was 21%. 

 


