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EXECUTIVE SUMMARY 
 
DWB Forestry Services Ltd. was retained by Canadian Forest Products Ltd – Vanderhoof 
Division to implement and assess proposed management strategies for riparian indicator 
species, and species indicators.  Six sites were established in four different retention levels 
(harvested, partial, 10-meter reserve, and unharvested) along small wetlands within the 
Vanderhoof Defined Forest Area.  We found that of the proposed indicator species (mink, long-
tailed weasel, beaver, moose, and eastern kingbird and guilds), moose and long-tailed weasel 
were the most abundant and suitable species for analysis.  At the sample sites, habitat was 
poorly suited for mink and beaver due to a lack large of streams or waterbodies, resulting in no 
detections of these species.  Among the 4 retention levels, no statistically significant difference 
was found for any of the proposed indicator species.  Overall bird detection and overall mammal 
detection was greatest in partial retention areas. Shrub abundance and rooting depth was found 
to be the most suitable species indicator measurement, and was strongly positively correlated to 
overall bird, and combined overall bird and mammal abundance.  The only species indicators 
that showed significant differences between retention type were minimum diameter, maximum 
diameter, rooting depth, woody debris volume, and forest edge length.     
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1.0 INTRODUCTION 
 

This study was undertaken within the Vanderhoof Defined Forest Area (DFA).  Within the 
Vanderhoof DFA, wetlands are the most commonly disturbed riparian habitat, and encompass 
the greatest area of all riparian ecosystems (Beaudry and Proulx, 2007).  Riparian areas are an 
important ecosystem component that is rich in species diversity and abundance (Stevens et al., 
1995).  These areas contribute to water quality and the health of aquatic species (Banner and 
MacKenzie, 1998), and are a vital component of the habitat for many terrestrial species 
(Stevens, et al., 1995).  Jones et al. (2006) has shown that riparian buffers reduce the impact of 
land-use activities on aquatic systems and wildlife.  In BC, the Forest and Range Practices Act 
(FRPA) provides a high level of protection for watersheds and wildlife (FRPA, 2002).  In 
addition, one of the key objectives of the Vanderhoof Land and Resource Management Plan is 
to maintain all wildlife habitat values over the long-term (ILMB, 1997).  Consequently, the 
management of riparian areas is a key component of sustainable forest management.  As there 
is no local scientific research on the impacts of partial retention in riparian areas of small 
wetlands (Beaudry and Proulx, 2007), Canadian Forest Products Ltd.-Vanderhoof Division 
(Canfor) funded this study to determine the impacts of various levels of retention along small 
wetlands.  This study is a component of Canfor’s Sustainable Forest Management Plan (SFMP), 
which meets the Canadian Standards Association (CSA) Z809-2 standard (Canfor, 2008) for 
CSA certification. 
   
The first phase of this project was a literature review, which identified potential indicator species, 
species indicators and proposed management strategies (Beaudry and Proulx, 2006).  The 
second phase of the project was the development of a detailed monitoring plan and 
identification of potential monitoring sites (Beaudry and Proulx, 2007).  The third phase was the 
implementation of the detailed monitoring plan (Hooft, Blackburn and Hoekstra, 2008).  This 
project is a continuation of the third phase.  

 
In the third phase report, Riparian Sensitive Species Monitoring and Management Strategies in 
the Vanderhoof Forest District (2008), the purpose was to develop measures to assess and 
monitor riparian health in managed landscapes.  Riparian health is measured by the richness 
and abundance of indicator species and species indicators relative to undisturbed habitat.  
Indicator species are a species whose presence indicates favorable environmental conditions 
for themselves and other species with similar habitat requirements.  Beaudry and Proulx (2007) 
identify forest riparian obligate vertebrate and plant indicator species (species that require 
riparian habitat to complete their life cycle or to survive) as measures of riparian health.  
Species indicators are habitat features that are key habitat components whose presence is 
indicative of the habitat conditions sought by a species and community.  This can include all 
aspects of forest structure such as seral stage, forest edge, species composition, wildlife trees, 
and coarse woody debris.  The expectation that species diversity and abundance is greatest in 
wetlands with the largest riparian reserve was outlined and rationalized within the previous 
report.  However, the results of the study neither confirmed nor denied these expectations, due 
to the small sample size, which limited the power of the data analysis.    The purpose of this 
project, Year 2 Monitoring for Riparian Sensitive Species associated with Small Wetlands in the 
Vanderhoof Forest District, is to strengthen the power of the data analysis by increasing the 
sample size.     
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2.0 OBJECTIVES  

 
The objectives of this study are to:  

• increase the power of the data analysis; 
• assess the effectiveness of species indicators and indicator species as indicators of 

riparian health for 4 different disturbance levels; and 
• determine if the site-level management activities proposed in the literature review 

(Beaudry and Proulx, 2006) are adequate to maintain the habitat of identified species 
indicators and indicator species. 

 
3.0 STUDY AREA   
 
The study area is located within the Vanderhoof DFA (Figure 1).  The DFA is located on the 
North Central Interior Plateau at the geographical center of BC (Lazaruk et al., 2006).  The DFA 
encompasses 1,387,263 hectares in total land area, of which 777,729 hectares are within the 
Timber Harvesting Land Base (ibid).  The overall topography is flat, with several lower mountain 
ranges dispersed throughout the DFA (LRMP, 1997). The valley bottoms are fertile agricultural 
lands with lacustrine soils, while the low-rolling to upland terrain of the plateau is dominantly 
forested with sub-boreal spruce (Sx, Picea engelmannii x Picea glauca), lodgepole pine (Pl, 
Pinus contorta), and subalpine fir (Bl, Abies lasiocarpa) (ibid).  Many of the watercourses within 
the DFA are unconstrained by mountains and meander amongst meadows and wetlands (ibid).  
These create numerous riparian areas that support abundant populations of diverse wildlife 
species (ibid). 

 
The most common wetlands in the Vanderhoof DFA are the Black spruce (Sb, Picea mariana) – 
Water sedge (Carex aquatilis) – Sphagnum moss (Sphagnum sp.) (Wb05) ecosystem, and the 
Black spruce – Soft-leaved sedge (Carex disperma) – Sphagnum moss ecosystem 
(Wb08)(MacKenzie and Moran, 2004).  These wetland types (Wb05 and Wb08) are both very 
moist to wet and exhibit similar morphology, as they are strongly hummocky with stunted trees 
that grow on elevated areas. 
 
Lodgepole pine is the dominant tree species (82%) within the DFA (Lazaruk et al., 2006), of 
which 77% are projected to be killed by Mountain Pine Beetle (Dendroctonus ponderosae) 
(MPB) by 2010 (Walton et al., 2007).  Consequently, the DFA is one of the most severely MPB 
infected areas in the province.   

 
The study site locations are dispersed throughout the southcentral portion of the DFA (Figure 2), 
predominantly around Finger-Tatuk Provincial Park. 
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Figure 1. Vanderhoof DFA Map (Lazaruk et al., 2006). 
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Figure 2. Riparian sensitive species monitoring site locations (Adapted from Beaudry and 
Proulx, 2007). 

 
4.0 METHODS  

  
4.1 Site Selection  
 
Based on the recommendations from the Year 1 Final Report, DWB proposed to 
increase the statistical validity of the study for Year 2 by doubling the sampling intensity 
on the 24 previously established monitoring sites.  Refer to the Year 1 Final Report 
(Riparian Sensitive Species Monitoring and Management Strategies in the Vanderhoof 
Forest District) for information on the site selection.  
 
4.2 Standards 

 
Measures of indicators were completed according to the Resources Information 
Standards Committee (RISC).  As per the Monitoring Plan, modification to the RISC 
standards were implemented for certain indicator measurements due to project 
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limitations and recognized updates to sampling procedures. (see Table 6, Beaudry and 
Proulx, 2007).   
 
4.3 Measurement of Indicators 

 
A two-person crew conducted field measurements of the indicators outlined in the 
Monitoring Plan.  An experienced ecologist and forest technician completed the 
measurement of species indicators and wildlife biologists assessed the wildlife portion of 
the survey.  At each site, three additional plots were established 50m from the existing 
plots (measured via hip chain) within the riparian management zone (transition zone 
from wetland to upland), or the partial retention or 10m reserve zone, if applicable (see 
Figure 3).  These sites were marked in the field and served as the plot center for cruise 
plots, vegetation plots, coarse woody debris measurements and indicator species 
sampling locations. 
 
For cruise plots, a Basal Area Factor (BAF) 5 prism was used to determine which trees 
were within the plot.  Trees were then numbered beginning at the north, and the 
following information was recorded: species, diameter, height, wildlife attributes, 
appearance class and crown condition.  In addition, an increment bore was used to 
determine the age of one representative tree within each plot.  Diameter was measured 
using a diameter tape.  The height of 3 trees were determined using a vertex and the 
remaining trees were estimated.  Appearance class was rated from 1-9 and crown 
condition was rated from 1-6 as per the wildlife codes for tree classification (MOELP, 
1998).  Wildlife trees were classified according to the presence of cavities, evidence of 
use, and appearance as per the monitoring plan (Beaudry and Proulx, 2007).   
 
For each plot, a 10 x 10-meter vegetation plot (transition area) was established and was 
centered on the cruise plot locations (see Figure 3).  For each vegetation plot, percent 
shrub cover by layer and height (m) was recorded for each species present, and the 
percent cover for the herb layer was recorded.   
 
Two 1-meter wide Coarse Woody Debris (CWD) transects were surveyed at every plot.  
A 24-meter CWD transect was located beginning at the cruise plot center and running 
parallel to the wetland edge.  In addition, at each plot a 10-meter CWD transect was 
located beginning at the end of the 24-meter CWD transect, and was directed towards 
the wetland, perpendicular to the 24-meter CWD transect (see Figure 3).  Along the 
CWD transect, all woody debris was measured with a diameter tape (minimum 7.5-cm 
diameter), and length and average height off the ground using a 50-meter tape.  Species 
of CWD was recorded when discernable, and the decay class was classified from 1-5 as 
per the Field Manual for Describing Terrestrial Ecosystems (MOELP, 1998).   

 
An experienced avian survey specialist, and a terrestrial wildlife survey specialist 
conducted indicator species surveys.  Prior to fieldwork, a permit was attained for small 
mammal capture and release under the Wildlife Act of BC (MOE, 2008).  All animals 
were handled as per the Canadian Council on Animal Care guidelines (CCAC, 2003).   
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At each site, a 2 x 200-meter wildlife survey transect was performed that intersected the 
cruise plot centers.  This transect was located adjacent to the riparian habitat, which was 
within the retention zone of applicable sites.  Along the wildlife survey transects, avian 
presence was confirmed by visual and audible identification of species or families.  All 
birds were recorded, with particular attention to the eastern kingbird (Tyrannus tyrannus) 
and guilds, which were the identified avian riparian indicator species (Beaudry and 
Proulx, 2007) for this project.  
 
Mammal presence was identified via visual identification, tracks, scat or pellets, houses, 
and evidence of foraging or rubs.  Particular attention was directed towards the detection 
of the identified riparian indicator species, which were mink (Mustela vison), long-tailed 
weasel (Mustela frenata), beaver (Castor canadensis), and moose (Alces alces).  
However, evidence of other species such as short-tailed weasel (Mustela erminea), deer 
(Odocoileus hemionus and Odocoileus virginianus) and snowshoe hare (Lepus 
americanus) was also recorded.  In addition to visually assessing mammal presence, 
live trapping was performed at each cruise plot.  At each site three LT7824 live traps 
(square live trap cage, single spring loaded door with 0.5” x 1.0” wire mesh measuring 
24” x 8” x 7”) were baited (with rainbow trout heads (Oncorhynchus mykiss), redside 
shiners (Richardsonius balteatus), and mink bait/paste to target mink, and grouse 
(Bonasa umbellus) meat/feathers to target weasel) and set overnight for a period of 24 
hours.  These traps were meant to target the identified small mammal species, which 
were mink and long-tailed weasel.  The traps were layered with natural material from the 
surrounding habitat (dominantly moss) to disguise the traps and provide thermal 
protection in order for captured animals to survive the overnight trapping period (see 
Appendix 1 for photos).  After 24 hours the traps were checked and any captured 
animals were recorded by species and sex, photographed, and released.   
 

 
 
Figure 3. Survey and plot orientation at each site. 

 



Canadian Forest Products Ltd.-Vanderhoof Division 
Year 2 Monitoring for Riparian Sensitive Species associated with Small Wetlands  

in the Vanderhoof Forest District 

 
DWB Forestry Services Ltd. 7
   
 

4.4 Data Analysis 
 
Ian Bercovitz, director of statistical consulting, and Jiguo Cao, professor and statistician 
at Simon Fraser University analyzed data using the SAS ® Statistical software version 
9.1.  Data analysis methodology was guided by the methods prescribed in the 
Monitoring Plan for this project (see Beaudry and Proulx, 2007).  However, it was found 
that the prescribed data analysis methods were unsuitable for aspects of this project due 
to lack of data.  As a result, the data analysis methods were either adapted or altered.  
The poisson regression model was used to compare the count data between the 4 
different retention types for all indicator species and species indicators.   

 
Indicator Species:  The analysis of count data for the indicator species (mammal and 
bird) was performed using SAS Statistical software using the proc genmod procedure.  
This procedure uses the poisson regression model to test the null hypothesis that there 
is no difference in mean response counts between retention types.  Table 1 shows an 
example (overall bird) of the output that tests the null hypothesis: 
 
Table 1. Statistical output data to test the null hypothesis that there is no difference in 
mean counts between retention types (yellow highlight indicates significant result).   

LR Statistics For Type 3 Analysis 

Source Num DF Den DF F Value Pr > F Chi-Square Pr > ChiSq 

retention 3 20 3.44 0.04 10.32 0.02 

 
A p-value <0.05 provides evidence to reject the null and conclude there is a statistically 
significant difference in mean counts between retention types.  This example of overall 
bird shows that there is a statistically significant difference in mean counts as the p-value 
is <0.05 (0.02).   
 
If a statistically significant effect was detected, then the data were analyzed to determine 
which levels of retention were significantly different from each other.  The differences of 
least square means is the estimate of the difference in mean counts between retention 
types on the natural logarithm scale.  A p-value <0.05 indicates a significant difference in 
mean counts between retention types.  This example of overall bird abundance shows 
that the mean counts of partial versus logged and partial versus 10-meter retention types 
are significantly different than each other (Table 2).  Partial versus unharvested is 
marginally insignificant as the p-value is slightly >0.05.  Estimates are the difference 
between retention types on the natural logarithm scale.  No other retention types show a 
significant difference.  
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Table 2. Difference of least square means comparing each retention type. 

Differences of Least Squares Means: Overall Bird 

Effect Retention retention Estimate 
Standard 

Error DF Chi-Square Pr > ChiSq 

retention Partial logged 1.35 0.63 1 4.52 0.03 

retention Partial ten_m 1.77 0.76 1 5.50 0.02 

retention Partial unharvested 1.11 0.58 1 3.68 0.06 

retention Logged ten_m 0.42 0.90 1 0.22 0.64 

retention Logged unharvested -0.24 0.76 1 0.10 0.75 

retention ten_m unharvested -0.66 0.86 1 0.60 0.44 

 
To further test for a predictor of overall mammal counts, a stepwise regression 
procedure was run on overall mammal counts.   
 
Species Indicators:  The poisson regression model was used to compare the count 
data between the 4 different retention types, and chi-square tests were used to compare 
the proportions of dead and live trees and tree species between retention types.  The 
logistical regression likelihood ratio test was used to determine if wildlife trees/snag 
frequency was significantly different between retention levels.   
 
The following variables were tested for multiple correlations amongst the predictor 
variables (species indicator variables), and with species indicators (Table 3).  Note that 
only the six listed mammal species and groupings were suitable for analysis with 
predictor variables.  For this test, the pearson correlation was used to determine the 
strength and direction of the linear relationship between each variable.  A positive 
number indicates a positive linear relationship, and a negative correlation is indicated by 
the values of one variable increasing as the other decreases.  Strong correlations are 
numbers >0.8, moderate correlations are numbers between 0.5-0.8, and weak 
correlations are numbers <0.5 (See Tables 14,16 and 17). 
 
Table 3. Difference of least square means comparing each retention type. 

16 Species 
Indicator Variables: 

Shrub percent, herb percent, Salix and Ribes percent, edge length,           
stand age, stand height, rooting depth, organic horizon depth,          
Mineral horizon depth, wood volume, % live, % dead, Pl, Sb, Sx, Bl 
composition 

6     Indicator 
Species Variables: 

Overall mammal, overall bird, overall bird and mammal, bear, overall 
weasel, moose 

 
Power Analysis:  In 2007, a power analysis was run by writing a simulation study for 
overall mammal abundance using SAS statistical software.  A minimum power of 0.80 
was used in order to determine the sample size required to detect a 50% and 100% shift 
in the overall mammal abundance.   

 



Canadian Forest Products Ltd.-Vanderhoof Division 
Year 2 Monitoring for Riparian Sensitive Species associated with Small Wetlands  

in the Vanderhoof Forest District 

 
DWB Forestry Services Ltd. 9
   
 

5.0 RESULTS  
 
 

5.1 Species Indicators 
 

Species indicators were tested to determine if there was a significant difference in mean 
response among retention types.  We found that the only significant differences 
(highlighted in yellow) were for minimum diameter, maximum diameter, rooting depth, 
woody debris volume, and length of forested edge (See Table 4). 

 
Table 4. Test results for significant differences in species indicators among retention 
types.  

LR Statistics For Type 3 Test of Fixed Effects 

Variable Source Num DF Den DF F Value Pr > F 

Mean Basal Area retention 2 15 2.21 0.1442 

Minimum Diameter retention 2 15 3.62 0.0520 

Maximum Diameter retention 2 15 6.19 0.0110 

Stand Height retention 2 15 0.59 0.5691 

Rooting Depth retention 3 20 4.64 0.0128 

Organic Horizon Depth retention 3 20 0.81 0.5047 

Mineral Horizon Depth retention 3 20 0.87 0.4714 

Stand Age retention 2 15 2.15 0.1509 

Woody Debris: Volume retention 3 18 7.41 0.0020 

Woody Debris: Mean Diameter  retention 3 20 1.73 0.1930 

Forested Edge Length retention 3 20 10.04 0.0003 

Shrub Percent retention 3 20 0.15 0.9302 

Herb Percent retention 3 20 1.21 0.3331 

Salix Percent retention 3 20 1.13 0.36 

Ribes Percent retention 3 20 0.23 0.8747 

Salix and Ribes Combined retention 3 20 0.83 0.4939 

 
For minimum diameter we found no significant difference in mean response after the 
Tukey adjustment (p <0.05, Table 5).  Partial versus reserve and partial versus 
unharvested are marginally insignificant as the p-value is slightly >0.05. 
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Table 5. Least square means test results for significant differences in minumum diameter 
between retention types. 

Differences of Least Squares Means for Minimum Diameter 

Effect retention _retention Estimate 
Standard 

Error DF t Value Pr > |t| Adjustment Adj P 

retention partial reserve 1.7500 0.7405 15 2.36 0.0320 Tukey-Kramer 0.0773 

retention partial unharves 1.6997 0.7405 15 2.30 0.0365 Tukey-Kramer 0.0874 

retention reserve unharves -0.05030 0.7405 15 -0.07 0.9467 Tukey-Kramer 0.9975 

 
We found a significantly greater mean response for maximum diameter in the partial 
compared to 10-meter reserve retention level (p <0.05, Table 6).   
Table 6. Least square means test results for significant differences in maximum diameters  
between retention types. 

  
Differences of Least Squares Means for Maximum Diameters 

Effect retention _retention Estimate 
Standard 

Error DF t Value Pr > |t| Adjustment Adj P 

retention partial reserve -11.2500 3.2066 15 -3.51 0.0032 Tukey 0.0084 

retention partial unharves -6.3500 3.2066 15 -1.98 0.0663 Tukey 0.1514 

retention reserve unharves 4.9000 3.2066 15 1.53 0.1473 Tukey 0.3063 

 
For rooting depth, there was a significant difference in mean response between logged 
and partial retention and between logged and 10-meter reserve (p <0.05, Table 7). 

 
Table 7. Least square means test results for significant differences in rooting depth 
between retention types. 

Differences of Least Squares Means for Rooting Depth 

Effect retention _retention Estimate 
Standard 

Error DF t Value Pr > |t| Adjustment Adj P 

retention logged partial 10.5000 3.2673 20 3.21 0.0044 Tukey 0.0209 

retention logged reserve 9.8333 3.2673 20 3.01 0.0069 Tukey 0.0323 

retention logged unharves 4.1667 3.2673 20 1.28 0.2168 Tukey 0.5884 

retention partial reserve -0.6667 3.2673 20 -0.20 0.8404 Tukey 0.9969 

retention partial unharves -6.3333 3.2673 20 -1.94 0.0668 Tukey 0.2443 

retention reserve unharves -5.6667 3.2673 20 -1.73 0.0982 Tukey 0.3330 

  
For woody debris volume, there was a significant difference in mean response between 
logged and 10-meter reserve retention, partial and 10-meter reserve, and between 
reserve and unharvested (P<0.05, Table 8).  
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Table 8. Least square means test results for significant differences in woody debris 
volume between retention types. 

Differences of Least Squares Means for Woody Debris Volume 

Effect retention _retention Estimate 
Standard 

Error DF t Value Pr > |t| Adjustment Adj P 

retention logged partial 17.1533 17.3241 18 0.99 0.3352 Tukey-Kramer 0.7568 

retention logged reserve -45.9500 16.5179 18 -2.78 0.0123 Tukey-Kramer 0.0546 

retention logged unharves 28.8133 17.3241 18 1.66 0.1136 Tukey-Kramer 0.3707 

retention partial reserve -63.1033 17.3241 18 -3.64 0.0019 Tukey-Kramer 0.0092 

retention partial unharves 11.6600 18.0944 18 0.64 0.5274 Tukey-Kramer 0.9161 

retention reserve unharves 74.7633 17.3241 18 4.32 0.0004 Tukey-Kramer 0.0021 

 
For forested edge length, there was a significant difference in mean response between 
logged and 10-meter reserve retention, and between logged and unharvested (P<0.05, 
Table 9).  Partial versus unharvested are marginally insignificant as the p-value is 
slightly >0.05. 
Table 9. Least square means test results for significant differences in forested edge length 
between retention types. 

Differences of Least Squares Means for Forested Edge Length 

Effect retention _retention Estimate 
Standard 

Error DF t Value Pr > |t| Adjustment Adj P 

retention logged partial -573.50 268.76 20 -2.13 0.0454 Tukey 0.1766 

retention logged reserve -1180.50 268.76 20 -4.39 0.0003 Tukey 0.0015 

retention logged unharves -1306.17 268.76 20 -4.86 <.0001 Tukey 0.0005 

retention partial reserve -607.00 268.76 20 -2.26 0.0352 Tukey 0.1418 

retention partial unharves -732.67 268.76 20 -2.73 0.0130 Tukey 0.0580 

retention reserve unharves -125.67 268.76 20 -0.47 0.6451 Tukey 0.9653 

 
 
The results of cruise plot sampling revealed that basal area is greatest in the 10-meter 
reserve and unharvested wetland edges, and the 10-meter reserve has the greatest 
diameter range, stand age, and stand height (Table 10). 

 
Table 10.  Cruise plot data of the mean basal area (m2), diameter range (cm), stand height 
(m), and the stand age for each respective type of wetland edge. 

Retention  Mean BA (m2) Diameter Min 
(cm) 

Diameter Max 
(cm) 

Stand 
Height (m) 

Stand  
Age (yrs) 

All Logged 0.0 N/A N/A 0.0 0.0 

Partial 10.14 15.47 28.82 16.32 112.22 

10m Reserve 30.28 13.72 40.07 17.38 144.28 

Unharvested 29.59 13.77 35.17 17.17 116.28 
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We found the greatest woody debris volume occurred in the areas with the 10-meter 
reserve, and that decay class was variable for each type of wetland edge.  The results 
also show the greatest diameter range occurred in the unharvested edge (Table 11). 
 
Table 11. Mean woody debris volume (m3/ha), decay class, and diameter range (cm) for 
each type of wetland edge. 

Retention  Woody  
debris volume (m3/ha) 

Average Decay  
Class 

Diameter  
Range Min. (cm) 

Diameter  
Range Max. (cm) 

All Logged 59.03 3.2 9.90 18.60 
Partial  60.15 2.5 10.10 13.90 

10m Reserve 104.98 2.5 11.90 15.60 
Unharvested 48.67 3.2 11.20 22.00 

 
5.2 Indicator Species 
 
The pre-identified indicator species for this project were long-tailed weasel, mink, 
moose, beaver, and eastern kingbird (Beaudry and Proulx, 2007).  During surveys, a 
total of 6 long-tailed weasels were detected, no mink were detected, moose were 
detected at every site, 1 beaver sign was detected, and a total of 7 eastern kingbirds 
were detected.  No formal statistical tests could be performed for mink, beaver, or 
eastern kingbird as a result of minimal or zero detections.  In addition to the identified 
indicator species for this project, evidence of all species were recorded during wildlife 
surveys.  The only additional species that had suitable data for analysis were short-tailed 
weasel, red squirrel (Tamiasciurus hudsonicus), bear (general), and snowshoe hare.  
Count data analysis was performed using a poisson regression.  Analysis showed a 
marginally insignificant difference in counts between retention types for bear and 
snowshoe hare (p value slightly >0.05, Table 12).  No other mammal or bird species 
showed a significant effect at the 0.05 level of significance. 

 
Table 12.  Type 3 analysis of count data for indicator species. 

LR Statistics For Type 3 Analysis 

Species Source Num DF Den DF F Value Pr > F Chi-Square Pr > ChiSq 

Moose retention 3 20 0.28 0.8362 0.85 0.8369 

Red Squirrel retention 3 20 0.31 0.8213 0.92 0.8217 

Bear retention 3 20 2.42 0.0958 7.27 0.0638 

Combined weasel retention 3 20 0.40 0.7553 1.20 0.7538 

Snowshoe Hare retention 3 20 2.31 0.1072 6.93 0.0742 

Overall Mammal  retention 3 20 0.07 0.9731 0.22 0.9738 

Overall Bird retention 3 20 1.48 0.2493 4.45 0.2167 

All Species Combined retention 3 20 1.26 0.3151 3.78 0.2865 

 
The analysis of the difference in mean counts for bears shows a marginally (p is just 
over 0.05) non-significant difference between logged and unharvested, and partial 
retention and unharvested zones (Table 13).   
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Table 13. Difference of least square means comparing levels of retention for bear 
abundance. 

Differences of Least Squares Means 

Effect retention retention Estimate Standard Error DF Chi-Square Pr > ChiSq 

retention partial logged -2.30 1.18 1 3.82 0.05 

retention partial ten_m -1.90 1.20 1 2.48 0.11 

retention partial unharvested -0.51 1.42 1 0.13 0.72 

retention logged ten_m 0.41 0.56 1 0.52 0.47 

retention logged unharvested 1.79 0.94 1 3.63 0.06 

retention ten_m unharvested 1.39 0.97 1 2.03 0.15 

 
The difference of least squares means show overall bird abundance marginally qualified 
(p is just over 0.05) as a non-significant difference between unharvested and partial 
retention zones.  There is a significant difference between partial and logged (p <0.03), 
and partial and 10-meter (p <0.02) reserve retention zones (Table 14).  
 
Table 14.  Difference of least square means comparing levels of retention for overall bird 
abundance. 

Differences of Least Squares Means: Overall Bird 

Effect retention retention Estimate 
Standard 

Error DF Chi-Square Pr > ChiSq 

retention Partial logged 1.35 0.63 1 4.52 0.03 

retention Partial ten_m 1.77 0.76 1 5.50 0.02 

retention Partial unharvested 1.11 0.58 1 3.68 0.06 

retention logged ten_m 0.42 0.90 1 0.22 0.64 

retention logged unharvested -0.24 0.76 1 0.10 0.75 

retention ten_m unharvested -0.66 0.86 1 0.60 0.44 

 
During the wildlife survey transect, the greatest number of detections of birds occurred in 
partial retention zones, and mammals were most abundant in the partial retention zone 
followed closely by unharvested, 10-meter and logged respectively (Figure 4). 
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Figure 4. Mean number of overall bird and mammal detections in each retention type. 

 
During the wildlife survey transect moose, red squirrel, snowshoe hare, and bear were 
the most commonly detected mammals (Figure 5). 
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Figure 5. Mean number of detections for all observed mammals. 

 
The results of the wildlife survey show dark-eyed juncos (Junco hyemalis) were the most 
commonly detected bird species, and the partial retention zones had the greatest total 
abundance and diversity of birds (Figure 6). 
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Figure 6. Mean number of detections for the most commonly observed bird species. 

 
5.3 Multiple Correlations 
 
Each response variable (indicator species) was tested for correlations with all the 
species indicator predictor variables (see Table 4).  Overall bird and overall mammal and 
bird abundance show a strong positive correlation with Sb %, live trees %, dead trees % 
and Salix % abundance (Table 15).   

 

Table 15. Results of multiple correlation testing between species indicators and indicator 
species. 

Pearson Correlation Coefficients 
Prob > |r| under H0: Rho=0 
Number of Observations 

 Overall Bird Abundance Mammal and Bird abundance 

Sb % 0.48421 
0.0417 

18 

0.45871 
0.0555 

18 

Live trees % 0.65587 
0.0031 

18 

0.64035 
0.0042 

18 

Dead trees % -0.65605 
0.0031 

18 

-0.64055 
0.0042 

18 

Salix % 0.47638 
0.0186 

24 

0.43919 
0.0318 

24 
Note: The top number in each cell is the actual Pearson correlation, the middle number is the p-value, and the bottom 
number in each cell is the number of observations used in calculating the correlation.   
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Further analysis of correlations amongst indicator species and species indicators using 
multiple poisson regression analyzed with the genmod procedure in SAS supports the 
significant relationship of shrub percent and rooting depth as the most important 
predictors of overall bird, and overall bird and mammal counts (p <0.05, Table 16). 
 
Table 16. Multiple poisson regression for overall bird and mammal, and overall bird 
composition. 

 LR Statistics For Type 3 Analysis 

Parameter 
Source Num DF Den DF F Value Pr > F 

Chi-
Square 

Pr > ChiS
q 

Shrub  % 1 11 6.05 0.0316 6.05 0.0139 Overall bird and mammal 

Rooting Depth 1 11 7.34 0.0203 7.34 0.0067 

Shrub  % 1 11 6.92 0.0233 6.92 0.0085 Overall Bird 

Rooting Depth 1 11 5.95 0.0329 5.95 0.0147 

 
Correlations were tested amongst all predictor variables (species indicators) found in 
Table 17 and 18.  We found that Pl shows a strong positive to dead trees and moderate 
negative correlation to Sb and Sx, strong negative to live trees.  Sb shows moderate 
positive correlations with live trees and dead trees.  Organic horizon shows moderate 
positive with Sb and live trees and moderate negative with dead trees.  Wood volume 
shows a moderate positive relationship with stand height.  Salix % shows a weak 
positive with Sb and weak positive with live trees, moderate negative with stand height, 
moderate negative with stand age, and weak negative with dead trees.  Ribes shows a 
moderate positive relationship with Bl stands.   
Table 17. Significant test results for correlations amongst predictor variables (species 
indicators).   

  
 

Pearson Correlation Coefficients 
Prob > |r| under H0: Rho=0 
Number of Observations 

 Stand 
Height Sb Sx Bl Stand Age 

Live 
Trees Dead Trees 

Pl -0.03621 
0.8866 

18 

-0.60954 
0.0072 

18 

-0.63367 
0.0047 

18 

-0.20986 
0.4033 

18 

-0.11657 
0.6451 

18 

-0.87222 
<.0001 

18 

0.87221 
<.0001 

18 

Sb -0.33237 
0.1778 

18 

1.00000 
 

18 

-0.11698 
0.6439 

18 

0.00619 
0.9805 

18 

-0.12323 
0.6262 

18 

0.74694 
0.0004 

18 

-0.74686 
0.0004 

18 

Organic 
Horizon 

-0.00811 
0.9745 

18 

0.57738 
0.0121 

18 

0.13827 
0.5843 

18 

-0.22764 
0.3636 

18 

-0.01218 
0.9617 

18 

0.50956 
0.0308 

18 

-0.50958 
0.0308 

18 

Wood Volume 0.56198 
0.0152 

18 

-0.18108 
0.4721 

18 

0.07613 
0.7640 

18 

0.06316 
0.8034 

18 

0.13471 
0.5941 

18 

-0.14505 
0.5658 

18 

0.14549 
0.5646 

18 

Salix % -0.71539 
0.0008 

18 

0.48273 
0.0424 

18 

-0.12634 
0.6174 

18 

0.09254 
0.7150 

18 

-0.52630 
0.0249 

18 

0.47079 
0.0486 

18 

-0.47094 
0.0485 

18 

Ribes % 0.14496 
0.5660 

18 

0.30829 
0.2133 

18 

-0.00084 
0.9974 

18 

0.70432 
0.0011 

18 

-0.03582 
0.8878 

18 

0.12989 
0.6075 

18 

-0.12991 
0.6074 

18 
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Organic horizons show a weak positive correlation with herbs and the mineral horizon 
shows weak negative correlations with both shrub and herb composition (Table 18).   
Table 18. Significant test results for correlations amongst predictor variables (species 
indicators).   

 
 
 
 
 

 
 
 
 
 

 
6.0 DISCUSSION  
 

6.1 Site Selection 
 
All wetlands were of a similar classification and morphological characteristics, and there 
was no significant difference between the rooting depth, organic horizon depth and 
mineral horizon depth for the different retention types.  These results show that forest 
structure and the distribution of indicators were primarily influenced by the treatment 
variable (retention type). 
 
6.2 Species Indicators 
 
Most forest attributes showed no significant difference among retention type (Table 4).  
However, significant differences between retention types were found for minimum 
diameter, maximum diameter, rooting depth, woody debris volume, and length of 
forested edge. 
 
Minimum diameter showed only marginal insignificant differences in mean response 
after the Tukey adjustment (Table 5) between partial and 10-meter reserve and partial 
versus unharvested.  Conversely, maximum diameter showed significant differences 
between partial and 10-meter reserve which can be attributed to the harvest of larger 
stems from the partial harvest. 
 
Rooting depth showed a significant difference in mean response between logged and 
partial retention and between logged and 10-meter reserve (Table 7).  This can be 
attributed to the new shrub growth layer which typically responds to disturbance after 
harvesting as indicated by higher shrub percentage (27.62%) over other retention areas. 

 
Volume of woody debris was significantly different between logged and 10-meter reserve 
retention, partial and 10-meter reserve, and between 10-meter reserve and unharvested.   
Table 11 shows the greatest volume of woody debris occurred in the areas with the 10-

Pearson Correlation Coefficients 
Prob > |r| under H0: Rho=0 
Number of Observations 

 
Mineral Horizon Shrub % Herb % Salix % Ribes % 

Organic Horizon -0.38086 
0.0663 

24 

0.36928 
0.0757 

24 

0.47708 
0.0184 

24 

0.37228 
0.0732 

24 

0.05191 
0.8096 

24 

Mineral Horizon 1.00000 
 

24 

-0.45675 
0.0249 

24 

-0.43185 
0.0351 

24 

-0.21112 
0.3220 

24 

0.00694 
0.9743 

24 
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meter reserve.  This was likely attributable to the increased susceptibility to windthrow in 
these areas, which results in greater woody debris volume.  Average decay class was 
variable for each type of wetland edge.  The higher average decay class in the all logged 
areas compared to the partial retention and the 10-meter reserve may be attributable to 
mechanical degradation of woody debris in the harvested areas, and removal of woody 
debris of a lower decay class during site preparation activities.   
 
The greatest diameter range occurred in the 10-meter reserve zone, which is expected 
as it had the greatest average stand age (144 years) resulting in the largest diameter 
trees (40.07 cm) and woody debris (15.6 cm).  The unharvested retention zones (control 
sites) had the least woody debris volume of all retention types.  This indicates that all 
management types (logged, partial, and 10-meter reserve) result in increased woody 
debris volume.  However, future woody debris recruitment will likely be reduced in these 
areas (logged, partial, and 10-meter reserve). 
 
The length of forested edge was significantly different between logged and 10-meter 
reserve retention, and between logged and unharvested while partial versus 
unharvested was marginally insignificant as the p-value was slightly >0.05 (Table 9).  
The difference between the logged and the other two retention types was expected since 
the forest edge was reduced due to harvesting.  The differences in forest edge length 
between retention type other than logged was unexpected, and was likely a result of 
random variation between sites.   
 
The mean basal area was similar in the 10-meter reserve and the unharvested wetland 
edge (Table 10).  This result was expected since the 10-meter reserve is essentially the 
same as the unharvested stands because the survey plots are limited to within the 
unharvested 10-meter reserve area.  The maximum diameter was greatest in the 10-
meter reserve, which may be attributable to increased growth rates post-harvest due to  
reduced competition.  Though individual growth rates in the partial retention areas would 
also benefit from reduced competition, this growth advantage would not be 
demonstrated until many years post harvest, since the largest trees are most likely 
removed during partial retention harvest.  Most sites in the study were recently 
harvested (within 5 years) so this growth increase would not have had time to be 
observed simply by examining individual tree maximum diameter measurements. 
 
6.3 Indicator Species 
 
Since the species indicators and indicator species were developed solely from a 
literature search, one of the goals of this study was to verify that the identified species 
are present in the surveyed habitat within the DFA.  During surveys we detected all of 
the identified indicator species (long-tailed weasel, moose, beaver and eastern kingbird 
and guilds) except mink.   Data analysis of the identified indicator species showed no 
significant differences in abundance among retention types.  Consequently, we found 
that indicator species showed no preference amongst retention types.  However, sample 
sizes were often too low to detect a significant difference between retention types, even 
though the animals were not always distributed amongst all retention types.  For 
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example, the eastern kingbird was only detected at two different sites in the partial 
retention area, and was absent from all logged, 10-meter reserve and unharvested sites.   

 
The eastern kingbird was detected at two different sites in the partial retention area, with 
5 individuals detected at one site, and 2 detected at another (Figure 6).  The low number 
of detections did not allow the data to be analyzed as there were zero counts in all other 
retention levels.   Though results are not significant, our data suggest that the eastern 
kingbird is more abundant in partial retention harvest areas along wetlands.   
 
Mink and beaver were not detected at the survey locations likely due to lack of suitable 
habitat.  Only 2 trace sign of beaver was noted, however it was likely an anomally as 
suitable habitat between sites was largely absent. None of the sites identified in the 
Monitoring Plan (Beaudry and Proulx, 2007) were located along large streams, lakes or 
open water wetlands, which is the preferred habitat for mink and beaver (Fur Institute of 
Canada, 2008).  Consequently, there was no supporting evidence of beaver or mink 
presence at any site.  Mink prefer fish bearing streams and open water habitat since one 
of their primary food sources is fish (Fur Institute of Canada, 2008).  Mink also often 
utilize muskrat and beaver bank burrows for denning, so the absence of beavers may 
have further contributed to the absence of mink. 
 
Moose were detected at every site in all types of retention, however the greatest number 
of detections occurred in the 10-meter reserve (Figure 5).  We did not find a significant 
difference in moose detections among the different retention levels; however, this result 
may be a product of the small sample size.  Long-tailed weasels were also equally 
distributed in all logged retention and unharvested (2 detections each) and partial and 
10-meter reserve (1 detection).  Consequently there was no significant difference in 
long-tailed weasel abundance amongst all retention types.  Short-tailed weasels were 
detected in all retention types except logged.  This may indicate that this species prefers 
a forested retention zone along small wetlands.   

 
Significant results were found for overall bird abundance, and results were marginally 
insignificant for bear.  Bears were most abundant in all logged retention areas, 
compared to partial and unharvested areas.  Overall mammal abundance was fairly 
evenly distributed between all retention types.  Overall bird abundance was greatest in 
partial retention zones, compared to logged, 10-meter reserve, and unharvested zones.  
These results indicate that birds prefer partial retention zones, and bears prefer all 
logged retention zones.  However, increased bird detection in the partial retention zones 
may be the result of the increased sight and hearing detection distance in these areas.  
As there was no maximum detection distance established during the bird survey 
transect, the ability to detect animals at a further distance would result in greater 
detection in areas with increased sight distances.  Although the all logged areas would 
have the furthest sighting/detection distance, these areas likely did not have the greatest 
detection of bird abundance as these areas lack perches and other habitat 
characteristics preferred by many bird species.    
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6.4 Multiple Correlations 
 
All indicator species were tested for correlations with the species indicator variables 
(Table 15).  We found overall bird, and overall bird and mammal abundance increased in 
proportion to shrub composition and rooting depth.  This result was expected shrub 
species provide both food and cover habitat for many bird species (Sanders and Edge, 
1998).  With the data from year two, we were not able to obtain the same statistical 
power for any correlations for weasel.  In Year 2 Monitoring for Riparian Sensitive 
Species associated with Small Wetlands (2007) observations of both long-tailed and 
short-tailed weasel were combined to increase the statistical power of the analysis.  
There was a significant correlation between weasel and stand age, live trees, and Sx 
abundance.  Weasels were most abundant in partial retention areas.  Personal 
communication with a local trapper (Sharpe, 2007) revealed that weasel abundance is 
often greatest in harvested areas for up to 15 years post-harvest.  This is likely 
attributable to the increase in prey abundance such as mice and voles.  In 2007, weasel 
abundance decreased in relation to increased live trees and Sx abundance.  Live trees 
and Sx result in greater canopy closure, particularly since most Pl in the study area were 
dead, at the grey attack stage and provide minimal canopy cover.  The increased 
canopy cover provided by Sx and live trees would reduce understory growth, which may 
also contribute to reduced habitat for mice and voles. Consequently, weasel may prefer 
young open stands where prey is more abundant.  In 2008, the data changed as we 
were unable to trap more weasels to support the increased plot samples and 
consequently insufficient for analysis although the assumption from 2007 remains the 
same. 
 
We found shrub composition was positively correlated with dead trees and Pl.  This is 
expected since most Pl were dead trees, and dead trees result in reduced canopy 
closure thereby allowing understory shrub growth to increase.  Herb composition 
increased with organic horizon depth, which is likely due to herbs preferring organic soils 
for growth.  Analysis showed that Pl composition increased with dead tree composition 
since most Pl were dead, and Sb and Sx increased with the number of live trees since 
most of these trees were alive.  It is unknown why rooting depth decreased with stand 
age and organic horizon depth, as we would expect deeper roots for older trees and a 
deeper organic horizon.  One explanation for the shallower roots in the areas with 
deeper organic horizons may be that these sites have a higher water table and more 
available nutrients at the surface, which would reduce the rooting depth.   

 
6.5 Limitations 
 
The primary limitation of the analysis of the data in this study was the relatively small 
sample size and low power.  Despite increasing the number of plots to 6 within each 
retention zone, we were still unable to identify statistically significant differences among 
retention types.    We caution however, that although an increased sample size would 
increase the statistical power of analysis, it may not produce different results. 
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6.5.1 Site Selection 
 
For comparison with this study, long-term monitoring of the sites identified here 
will be insufficient as retention types and the adjacent cut blocks will mature over 
time and create new habitat for plant, mammal and avian species.  However, 
long-term monitoring of the survey sites would demonstrate the effects of 
different retention types over time.  
 
6.5.2 Species Indicators 
 
A problem with the pre-determined methodology was that vegetation plots 
extended outside of the riparian management area in partial retention wetlands.  
Since the plot size was 10 x 10-meters, the plot was too large to be contained 
within areas that had a 5-meter reserve.  This caused the plot to include a portion 
of the adjacent harvested block, and/or the wetland.   

 
6.5.3 Indicator Species 
 
There were several limitations to the collection and analysis of data for indicator 
species.  First, the statistical power of the analysis was limited by the small 
number of detections of indicator species.  Even with a second field season to 
add 3 additional plots and conduct another wildlife survey and trapping effort, 
indicator species abundance was often not statistically significant for different 
levels of riparian retention.  The power analysis in 2007 further identified having 
to increase the number of sites by 15 within each retention type to increase the 
statistical strength of the data.  However, this was not done due to funding and 
time limitations as well as the inherent difficulty of finding suitable sample sites 
within each retention zone.  Even if funding, time and suitable sample sites were 
available, the results of having no differences between retention types may not 
change, only the statistical power of the data is increased. 
 
Weasels are highly dependent on their sense of smell to locate prey (Ylönen et 
el, 2003), which would cause them to be lured into the traps.  Essentially this 
baiting introduces bias into the capture/detection results as weasels may 
temporary leave their preferred habitat in order to seek out a food source if they 
detect it via scent.  Consequently, weasels may be indifferent to the retention 
type if bait attracts them in from the wetland or adjacent cutblock.   
 
We found the overall avian abundance was greatest in the partial retention areas, 
which may have been attributable to the greater sight distance in these areas 
rather than a greater abundance of birds.   
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7.0 MANAGEMENT IMPLICATIONS AND RECOMMENDATIONS 
 
With the addition of the second field season data, our expectations that species diversity and 
abundance is greatest in wetlands with the largest riparian reserve was neither confirmed nor 
denied.  No individual species showed a significant positive correlation to increasing riparian 
reserve retention, however the small sample size limited the power of the data analysis.  
Results show some support for our expectations in that generally, we found both overall 
mammal and birds were more abundant in wetlands with a reserve retention compared to all 
logged (Figure 4).  We found overall mammals and overall birds were most abundant in partial 
harvest reserve zones (Figure 4).  These results show that the proposed site-level management 
activities in the literature review (Beaudry and Proulx, 2006) may not be the best method to 
maintain the habitat of species indicators and indicator species.  We suggest that a combination 
of retention types may increase biodiversity across the landscape as certain species of 
mammals and birds are more abundant in different retention types.     
 
We found the most suitable and abundant indicator species are weasel (short and long-tailed) 
and moose, and that the most suitable species indicator was shrub %, as it was the best 
predictor of overall bird abundance within the 4 levels of retention.  These results may indicate 
that management of shrub species along small wetlands may be equally or even more important 
than retention of timber.  Consequently biodiversity management may include  refraining from 
performing brushing activities and removal of shrubs in cutblock areas adjacent to small 
wetlands, as these species were positively correlated to increased bird and mammal 
abundance. 
 
Consideration should be made for long term monitoring of the selected sites to further 
confirm/deny the relationships discovered in the original study and to monitor biodiversity.  This 
study could also continue to be replicated at the same sites to monitor the effects of the various 
levels of retention over time since harvest.  It is likely that the various retention levels will have a 
different impact on species diversity and abundance as the adjacent cutblocks regenerate over 
time.  Also, the present impacts of mountain pine beetle and associated reduced canopy closure 
may have altered the distribution of species such as weasel.  This dynamic and continually 
changing forest structure in the Vanderhoof DFA makes it even more important to ensure that 
biodiversity is monitored.  Consequently, long term monitoring of biodiversity in the Vanderhoof 
DFA should be undertaken to continue to adapt and implement best management practices 
along small wetlands, both now and into the future. 
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10.0 APPENDIX 1 - PHOTOS 
 

 
Photo 1. Typical all logged wetland. 
 

 
Photo 3. Typical wetland with 10-meter reserve.  
 

 
Photo 5. Typical wetland structure and vegetation.   
 
 

 
 

 
Photo 2. Typical partial retention along wetland.  
 

 
Photo 4. Typical unharvested wetland edge. 
 

 
Photo 6. Close up view of the typical wetland 
structure and vegetation. 
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Photo 7. Large amount of blowdown and LWD 
associated with partial retention and 10-meter reserve 
sites.  

 
Photo 9. Trees within the cruise plot.  Survey 
performed with a BAF 5 prism. 
 

 
Photo 11. Live trap camouflaging and placement of 
thermal cover.    

 
Photo 8. Large percentage of red MPB attacked pine 
within wetland reserve. 
 

 
Photo 10. Soil pit within the wetland. 
 
 

 
Photo 12. Camouflaged, baited, and secured live trap.  
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Photo 13. Short-tailed weasel captured in live trap. 
 

 
Photo 15. Evidence used to determine species 
presence/use during wildlife transect survey: moose 
pellets.  
 

 
Photo 17. Evidence used to determine species 
presence/use during wildlife transect survey: squirrel 
midden. 

 
Photo 14. Short-tailed weasel captured in live trap. 
 

 
Photo 16. Evidence used to determine species 
presence/use during wildlife transect survey: game 
trail and tracks. 
 

 
Photo 18. Evidence used to determine species 
presence/use during wildlife transect survey: bear 
claw marks.
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