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EXECUTIVE SUMMARY 
 
This study was carried out in TFL30 with the objectives to determine: 

1) habitat use by a selected number of animal species (moose, furbearers & woodpeckers) 
along transects inhabited by American marten; and  

2) species richness across successional stages.  
Nine transects were inventoried from 8 December 2005 to February 2006. A total of 501 animal tracks 
were recorded: 13 American marten, 9 fisher, 32 weasel, 1 wolverine, 9 lynx, 6 coyote, 3 wolf, 250 
squirrel, 110 snowshoe hare, and 68 moose tracks. Marten and squirrel tracks, woodpecker signs, 
and observations of a late-successional bird complex (pileated and three-toed woodpeckers, red 
crossbill, brown creeper, mountain chickadee, and red-breasted nuthatch) were significantly (P < 
0.05) more abundant than expected in excellent-quality marten polygons, which corresponded to 
old-growth forests. In contrast, tracks of moose, a species associated with younger forests, were 
significantly less abundant (P > 0.05) than expected in these polygons. The number of species was 
greater in excellent-quality marten polygons. This first year of research on species diversity in marten 
polygons was successful in demonstrating that these polygons may be used in forest management plans to 
maintain late-successional biodiversity, and to identify key areas such as old-growth management areas and 
wildlife tree patches. In the light of this year’s success, it is recommended to repeat this study next year in 
other transects in order to increase sample size and further our understanding of marten-biodiversity 
relationships. 
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1.0 BACKGROUND 
 
Since 2000, Canfor invested in the development of predictive distribution maps for indicator species 
(e.g., American marten [Martes americana]; Proulx et al. 2006) to better manage late-successional 
stands in Tree Farm Licence 30 (TFL30). Work has also been conducted on species at risk.   Using 
snowtracking, Proulx (2004, 2005a) verified the ability of models to predict the distribution of 
fisher (Martes pennanti) and wolverine (Gulo gulo), and collected information on the presence of 
caribou (Rangifer tarandus) across the landscape.  This led to the development of a multi-species 
management concept where high-quality areas used by coarse- and fine- filter species are 
overlapped to delineate TFL30 regions with greater biodiversity potential (Proulx 2005b). These 
previous studies were well received by the TFL30 SFM Public Advisory Group, which, however, 
indicated its interest in learning more about other species inhabiting those areas used by marten and 
species at risk.   
 
1.1 Selection of species and purpose of this project 
 
1.1.1 Species 
 
With the intent to further inventory wildlife inhabiting TFL30, this project strategically focuses on 
moose (Alces alces), furbearers and woodpeckers.   
 
Moose is a game species of special interest in TFL30 (British Columbia Government 1999).   
 
Knowledge about the distribution of furbearers within an ecosystem is particularly informative from 
a biodiversity point of view because: 

 Furbearers have a variety of habitat requirements. 
 Several furbearers are at the top of their food chain and their presence is indicative of a 

productive habitat. 
 Furbearers are present all year round and are indicative of the seasonal carrying capacity 

and level of connectivity of habitats. 
 The requirements of high profile species such as American marten are well understood 

and can be used to gauge habitats quality for birds and other vertebrates requiring 
old/mature coniferous, deciduous and mixed forests, complex ground structure, and 
regenerated habitats with dense shrub cover and coarse woody debris. 

For furbearers, the critical season corresponds to winter, when animals must face harsh 
environmental conditions and reduced food supplies. Species of interest are: 

 Late-successional stages:  
∗ American marten (Proulx et al. 2006) 

 Mid- and late- successional stages: 
∗ Fisher (Proulx 2006) 
∗ Squirrels (Tamiasciurus hudsonicus and Glaucomys sabrinus) (Proulx 2005c) 
∗ Wolverine (Gulo gulo) (Proulx 2005a) 

 Mosaic of successional stages: 

∗ Weasels (Mustela spp.) (Proulx 2005d) 

∗ Snowshoe hare (Lepus americanus) (Proulx 2005d) 

∗ Lynx (Lynx canadensis) (Proulx 2005d) 
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∗ Red fox (Vulpes vulpes) (Proulx 2005d) 

∗ Coyote (Canis latrans) (Proulx 2005d) 

∗ Wolf (Canis lupus) (Proulx 2005d) 

Woodpeckers belong to a guild of forest birds known as “primary cavity excavators”. They play an 
important role within forest ecosystems. The cavities they excavate are often used by “secondary 
cavity users”, including small ducks, owls and raptors, many passerines, and mammals such as bats 
and squirrels (RIC 1999a).  Furthermore, the significance of woodpeckers in the regulation of forest 
insect pests is widely recognized (Koplin 1969; Bergvinson and Borden 1992, Machmer and 
Steeger 1995). Of course, closely associated with the presence of woodpeckers is the presence of 
wildlife trees. More than 100 species of vertebrates in the Pacific Northwest use snags at one time 
or another in their lifecycle (Thomas et al. 1979, Neitro et al. 1985).  With few exceptions, 
investigators have found significant correlations between snag density and the abundance of 
primary cavity-nesters in north American coniferous forests (Raphael and White 1984; Madsen 
1985; Zarnowitz and Manuwal 1985; Land et al. 1989; Carey et al. 1991).  Inventorying wildlife 
trees therefore is a valuable approach to determine the capability of a site to meet the habitat 
requirements of woodpeckers and other cavity-nesters (Ohmann et al. 1994). 
 
1.2  Objectives 
 
This project was carried out in TFL30 with the objectives to determine: 

3) habitat use by a selected number of animal species (moose [Alces alces], furbearers & 
woodpeckers) along transects inhabited by marten (Proulx et al. 2006)  and  

4) species richness across successional stages.  
 
2.2 Expectations 
 
It is expected that: 

1. Species requiring structurally complex stands with food and cover will be found in 
stands used by marten; 

2. Species requiring mid- and late- successional stands in proximity to early-successional 
stands (e.g., moose) will be found in landscapes similar to those used by fisher; 

3. Woodpecker encounters will be more frequent in late-successional stands such as those 
used by marten; 

4. Wildlife trees (trees with woodpecker activity signs, usually dead or dying) will be more 
numerous in stands used by marten. 

 
2.0 PROJECT AREA 
 
Tree Farm License # 30 is held by Canadian Forest Products Ltd., and is located approximately 100 
km northeast of the city of Prince George, British Columbia.  It encompasses 181,000 ha of land 
overlapping the Sub-Boreal Spruce (SBS) and the Engelmann Spruce-Sub-Alpine Fir (ESSF) 
Biogeoclimatic Zones (Meidinger and Pojar 1991). 
 
3.0 METHODOLOGY 
 
3.1 Standards 
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Methodology integrated RIC’s (1998a, 1999a,b) standards for presence/not detected surveys with 
Proulx and Kariz’s (2005) and Proulx et al’s (2006) protocols, and Proulx’s and O’Doherty (2006) 
state-of-the-art protocol for snowtracking. 
 
3.2 Furbearers & Ungulates - Snowtracking 
  
This study was developed with the intent to inventory approximately 20 transects over 2 years. Half 
of these were inventoried this winter (Figure 1), from 8 December 2005 to 6 February 2006, a 
period that corresponds to the most critical time of year for survival (in winter food is relatively rare 
and weather is harsh). The proportion of successional stages covered by inventory transects, 
reflected actual landscape conditions, i.e., ≅ 60% late- successional, ≅ 6%, mid-successional, and ≅ 
34%, early-successional (Canfor 2001). The distance traveled across polygon types was used to 
estimate the proportions of successional stages because, in a previous study, it was demonstrated 
that excellent- and high- quality polygons corresponded to old-growth and mature forests, medium- 
quality represented young forests, and low-quality polygons were associated with immature stands 
(Proulx et al. 2006). Transects were plotted on maps, and starting points were tied by compass 
bearings and distance to distinctive topographic features. Transects were snowshoed using a 
compass, 1:20:000 maps, and a hip chain to record linear distances.  We recorded only well-defined 
tracks, those not melted or deformed, not filled with crusty snow, and judged to be fresh, i.e., less 
than 24h-old (subjective assessment based on the experience of the researchers). Due to the 
similarity between fisher and American marten footprints (Halfpenny et al. 1995), when mustelid 
tracks are encountered, they will be investigated on both sides of transects and within forest stands 
to find the best tracks available. The combination of footprint (size, presence/absence of toe prints) 
and trail (gait, distance between jumps, and dragging of the feet) characteristics will be used to 
identify all tracks (Murie 1975, Rezendes 1992, Halfpenny et al. 1995, Proulx et al. 2006). Tracks 
of white-tailed deer (Odocoileus virginianus) and mule deer cannot be distinguished accurately in 
the field and were therefore be combined (Murie 1975; Proulx et al. 2005b). Tracks of red squirrel 
(Tamiasciurus hudsonicus) and northern flying squirrel (Glaucomys sabrinus) cannot be 
differentiated from each other.  Similarly, all weasel (Mustela spp.) tracks were pooled together 
without distinction at the species level. Linear distance along a survey transect were determined 
using a hip chain, and were recorded each time there is a change in habitat type (Table 1).  
 
Autocorrelation is often present in ecological data and may not be totally avoided (Legendre 1993,  
Proulx and O’Doherty 2005). It potentially occurs during analysis of track survey data because of 
the uncertainty in whether one or more animals have made the tracks being counted. However, it is 
sometimes difficult to confirm that a series of tracks along a transect belong to the same animal (de 
Vos 1951) as home ranges overlap (Buskirk and Ruggiero 1994), and winter dispersal movements 
are known to occur (Clark and Campbell 1976). Proulx (2004) observed that tracks of 2 different 
animals could sometimes be as close as 100 m from each other along a same transect.  To minimize 
spatial autocorrelation, a minimum spacing of tracks and a minimum spacing of transects will be 
used (Proulx and O’Doherty 2006). Only tracks ≥ 100 m apart within the same forest stand were 
recorded for marten and fisher (Proulx 2006, Proulx et al. 2006). Tracks < 100 m apart but in two 
different polygons were also recorded (Proulx et al. 2005a).  In the case of herbivores, all tracks will 
be recorded as per Proulx and Kariz (2005). 
 
The proportion of habitat classes and polygons traversed by survey transects was used to determine 
the expected frequency of track intersects per habitat class (e.g., immature, young, mature and old 
stands) and per polygon type (e.g., excellent-, high-, medium- and low- quality), if tracks were 



distributed randomly with respect to habitat classes and polygon types (Proulx et al. 2006). 
Considering that marten was identified as an indicator species for late-successional stands (Proulx 
2003), data analyses based on marten polygon types allows one to verify if late-successional species 
are truly associated with marten, i.e., if marten is really a good indicator species. For each species, 
habitat use (i.e., observed vs. expected frequency of track intercepts) was tested with Chi-square 
statistics (Siegel 1956). When > 20% of cells have an expected frequency smaller than 5, or when 
any expected frequency is smaller than 1, it will be necessary to combine classes (Cochran 1954). 
Then, habitat classes with similar characteristics, such as cover and seral stage will be pooled. 
When chi-square analyses suggest an overall significant difference between the distributions of 
observed and expected frequencies, comparisons of observed to expected frequencies for each 
habitat class or polygon will be conducted using the G test for correlated proportions (Social and 
Rolf 1981).  The Fisher exact probability test will be used to compare observed to expected 
distributions when sample size is < 20 (Siegel 1956). Probability values ≤0.05 will be considered 
statistically significant.   
 

 
Figure 1.  Location of inventory transects in TFL 30, December 2005-January 2006. 
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An index of similarity of communities (e.g., furbearer) will be calculated between polygon types 
with the following equation:  
 

BA
CS
+

2:  

 
where A is the number of species in Sample A, B is the number of species in sample B, and C is the 
number of species common to both samples (Odum 1971). 
  
Species richness in polygons was determined with the Shannon-Wiener function: 
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where s is the number of species, and pi is the proportion of total sample belonging to ith species 
(Krebs 1978).  
 

Table  1.Habitat types that will be used in inventories for furbearers and ungulates (after RIC 1998b). 
Forest type Characteristics 
Deciduous Crown closure ≥ 10%, deciduous species > 75% 
Coniferous 
Pure 
Mixed 
   
 

Crown closure ≥ 10%, coniferous species > 75% 
When  ≥ 80% of the coniferous cover is provided by one species. 
When the coniferous cover is provided by more than one species, 
neither species  ≥ 80% 

Coniferous-deciduous Crown closure ≥ 10%, neither type > 75% 
Ecosystem Development Description 
Opening without vegetation Open areas without vegetation, such as roads, frozen ponds, and 

gravel pits.  
Opening with vegetation Recent clearcuts, usually not planted, fields and areas with little or 

no trees, and sparse or dense understory. 
Immature 1 New forest community following a natural or anthropogenic 

disturbance, with trees < 2 m high. 
Immature 2 New forest community following a natural or anthropogenic 

disturbance, with trees ≥2 m high. 
Pole Thick stands of pole trees (7.5 to 12.4 cm dbh), usually with little 

understory.  Trees compete with one another and other plants for 
light, water, nutrients, and space to the point where most other 
vegetation and many trees become suppressed and die. 

Young forest Achievement of dominance by some trees and death of other trees 
leads to reduced competition that allows understory plants to 
become established. The forest canopy has begun differentiation 
into distinct layers.  Vigorous growth and a more open and multi-
storied stand than in the pole stage.   

Mature forest Even canopy of mature trees, with or without coarse woody debris 
down and leaning logs.  Understories are well developed as the 
canopy opens up. A second cycle of shade tolerant trees may have 
become established. 

Old forest Old, structurally complex stands composed mainly of shade-
tolerant and regenerating tree species.   Mortality of tall and large 
canopy trees, canopy gaps, large snags, and large downed woody 
debris material.   

Old forest open Old forest stands interspersed with openings with vegetation. 
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3.3  Woodpeckers – presence/not detected and wildlife tree (WT) surveys  
 
Presence/not detected surveys may be carried out in winter when the visibility of birds is enhanced 
because deciduous trees are leafless.  Wildlife tree and indirect sign surveys for woodpecker 
feeding, roosting and nesting excavations are recommended as indicators of woodpecker presence 
(RIC 1999a). Woodpecker presence and signs was investigated along transects and in vegetation 
plots. 
 
Along the transects described above to inventory furbearer and ungulate tracks, we snowshoed at a 
relatively slow pace, and scanned for woodpeckers and for wildlife trees with woodpecker signs 
(e.g., feeding and nesting excavations). For each wildlife tree that had a woodpecker on it or 
contained woodpecker excavations, the following observations were recorded: 

 Distance along transect. 
 Time of day. 
 It was originally intended to estimate distance from the center of transect to the center of 

the tree (measured with hip chain) for density estimates.  However, because of the 
variation in environmental conditions and the difficulty in establishing the exact location 
of birds in some habitats, this information was judged unreliable for density estimates.  

 Record woodpecker species present on the tree (where the woodpecker was first 
observed). 

 Describe sign. When possible, record the woodpecker species associated with the sign 
(Table 2) and sign type (cavity or foraging excavation).  

 Record tree species. 
 Record Wildlife Tree Classification Code (Table 3). 
 Measure tree dbh and estimate height. 

 
Table 2.  Descriptions of feeding and nesting excavations made by selected woodpecker species (after RIC 1999a). 

Species Foraging (F)/Nesting (N) Description 
N Relatively large oval-shaped holes Pileated woodpecker 

(Dryocopus pileatus) F Relatively large, rectangular holes into the heartwood of 
standing live/dead trees and stumps and logs 

Northern flicker 
(Colaptes auratus) 

N Relatively large oval-shaped holes 

N Round-shaped holes with bark often peeled-off around 
entrance 

Three-toed woodpecker 
(Picoides tridactylus) 

F Bark flakes removed or bark stripped from the lower bole 
N Round-shaped holes with bark oftetn peeled-off around 

entrance 
Black-backed woodpecker 
(Picoides arcticus) 

F Bark flakes removed or bark stripped from the lower bole 
Sapsucker spp. 
(Sphyrapicus nuchalis) 

F Rows of small, squarish holes in a vertical series in the bark of 
live trees. 

 
The analysis of presence/not detected woodpecker data and species richness followed the 
methodology employed with mammal tracks.  I used an analysis of variance followed by the Tukey 
test to compare WT mean characteristics among polygon types (Zar 1999). 
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Table 3.  Classes of wildlife trees (Proulx et al. 2003). 
Class General description 
1 Live/healthy – no decay. 
2 Live/unhealthy – internal decay or growth deformities. 
3 Dead – hard heartwood, needle and twigs present, roots stable. 
4 Dead – hard heartwood, no needles/twigs, 50% of branches lost, loose bark, top usually broken, roots stable. 
5 Dead – spongy heartwood, most branches/bark absent, internal decay, roots stable for larger trees, roots of smaller trees 

beginning to soften. 
6 Dead – soft heartwood, no branches or bark, sapwood/heartwood sloughing from upper bole, lateral roots of larger ones 

softening, smaller ones unstable. 
7-8 Dead – soft heartwood, stubs, extensive internal decay, outer shell may be hard, lateral roots completely decomposed, 

hollow or nearly hollow shells. 
9 Debris – downed stubs or stumps.  
Note: many of the criteria listed above cannot be assessed during winter and some classes may therefore be pooled together.   
  
In vegetation studies, circular quadrats often are more efficient to use than square or rectangular 
quadrats (Higgins et al. 1994).  Snag inventories were carried out in habitat types with circular plots 
of 11.28-m diameter (D. Bernier, Timberline, pers. commun.), located randomly along inventory 
transects.  The following information was collected:   
 Snags: 
 Species 
 Height 
 Dbh 
 Wildlife tree classification 
 Approximate cavity opening diameter, height, aspect. 

 
4.0 RESULTS 
 
4.1 Environmental Conditions & Transect Distribution 
 
Temperatures ranged from -13 to 3 oC, and snow  accumulations exceeded 60 cm.  Inventories were 
conducted ≤ 24 h since a snowfall or flurries.  A total of 13,321 m were inventoried: 5,403 m 
(40.6%) in excellent-quality polygons, 2,750 m (20.6%) in high-quality, 590 m (4.4%) in medium-
quality, and 4,578 m (34.4%) in low-quality polygons. 
 
4.2 Distribution of Animal Tracks per Habitat Class and Marten Polygon Type 
 
A total of 501 animals tracks were recorded: 13 American marten, 9 fisher, 32 weasel, 1 wolverine, 
9 lynx, 6 coyote, 3 wolf, 250 squirrel, 110 snowshoe hare, and 68 moose tracks (Figure 2). 
 
4.2.1 American marten 
 
A total of 13 American marten tracks were recorded: 9 in mature SwBl stands, 1 in an old Sw stand, 
and 3 in an old SwBl stand. The classification of tracks according to polygon types revealed that 7 
and 6 tracks were in excellent- and 6 high- quality polygons, respectively. The observed frequency 
of tracks per habitat class and polygon type was significantly different (one-tail Fisher test, P = 
0.02) from random. 
 
4.2.2 Fisher 
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Nine fisher tracks were recorded: 6 in BlAc mature stands, 2 in old SxBl stand, and 1 track crossed 
in a straight line an Immature 1 site.  Due to the small sample size, the distribution of tracks per 
habitat class and polygon type was not significantly different from random (Fisher, P = 0.58).  
 
4.2.3 Weasel 
 
Thirty-two tracks were recorded: 13 in excellent- and high- quality polygons, which corresponded 
to mixed coniferous mature and old stands, and 19 in low-quality polygons encompassing immature 
stands.  The observed frequency of squirrel tracks per polygon type was significantly different (χ2 = 
8.68, df: 1, P < 0.02) from random. The same result was obtained with successional stages (χ2 = 
15.2, df:1, P < 0.001). 
 
4.2.4 Wolverine 
 
Only one track was recorded in an excellent-quality polygon, in a mature SwBl stand. 
 
4.2.5. Lynx 
 
Seven (77.8%) of 9 lynx tracks were recorded in medium- and low- quality polygons, which 
corresponded to a young spruce stand and an Immature 2 stand, respectively. Two tracks were 
found in excellent-quality polygons consisting of old SwBl stands. The distribution of tracks per 
habitat and polygon type did not differ (P > 0.05) from a random distribution. 
 
4.2.5 Canids 
 
Five coyote tracks were in mature and old coniferous stands, within excellent- and high quality 
polygons; one was in a young spruce stand, within a medium-quality one. Three wolf tracks were 
also in late-successional SwBl stands. 
 
4.2.6 Squirrel 
 
The observed frequency of squirrel tracks per habitat class was significantly different (χ2 = 347.12, 
df:4, P < 0.001) from random. Tracks were significantly more abundant than expected in mature 
and old stands (G ≥ 22.72, df:1, P < 0.001), and significantly less  abundant in Immature 2 stands 
(G = 5.3, df:1, P < 0.05).  
 
The observed frequency of squirrel tracks per polygon type was also significantly different (χ2 = 
67.72, df:1, P < 0.001) from random. Tracks were significantly more abundant than expected in 
excellent-quality polygons (G = 9.63, df:1, P < 0.001), and significantly less  abundant than 
expected in low- quality polygons (G = 32.38, df:1, P < 0.001).  
 
4.2.7 Snowshoe Hare 
 
The observed frequency of snowshoe hare tracks per habitat class was significantly different (χ2 = 
142.18, df: 4, P < 0.001) from random. Tracks were significantly more abundant than expected in 
immature 2 stands (G = 24.2, df: 1, P < 0.001), and significantly less abundant than expected in 
openings and Immature 1 stands (G = 12.02, df: 1, P < 0.001) and in mature and old stands (G 
≥7.07, df: 1, P < 0.01).   



 
The observed frequency of snowshoe hare tracks per polygon type was also significantly different 
(χ2 = 76.66, df: 4, P < 0.001) from random. Tracks were significantly more abundant than expected 
in medium- and low-quality polygons (G = 14.6, df: 1, P < 0.001); the lower use of Immature 1 
stands was masked by pooling the stands into polygon types.  Tracks were significantly less 
abundant than expected in excellent- and high- quality polygons (G = 21.15, df: 1, P < 0.001).  
 
4.2.8 Moose 
 
The observed frequency of moose tracks per habitat class was significantly different (χ2 = 12.2, df: 
3, P < 0.001) from random. Tracks were significantly less abundant than expected in old-growth 
stands (G = 4.4, df:1, P < 0.05).  
 
The observed frequency of moose tracks per polygon type was also significantly different (χ2 = 
17.87, df:1, P < 0.001) from random. Tracks were significantly less abundant than expected in 
excellent-quality polygons (G = 5.62, df:1, P < 0.02).  
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Figure 2. Abundance of mammal tracks in marten excellent-, high-, medium-, and low- quality polygons. 
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4.3 Index of Similarity & Species Richness between Polygon Types 
 
The number of species was greater in excellent-quality polygons (10 species), followed by high- (7 
species), low- (6 species), and medium- (4 species) quality polygons. There was little similarity 
between the species composition of medium-quality polygons and that of other polygon types. Low-
quality polygons had only 6 species, but four of them had a relatively high number of tracks.  In 
contrast, only two species had a relatively high abundance of tracks in excellent-quality polygons.   
 
On the basis of the Shannon-Wiener function, species richness was similar inn excellent- and high- 
quality polygons, the lowest in medium-quality polygons, and the highest in low-quality polygons 
(Table 4). 
 
Table 4. Species richness and index of similarity between polygon types. 
 Polygon Type/Species Richness Index 
 Excellent/1.617 High/1.671 Medium/1.173 Low/2.05 
Excellent - - - - 
High 0.82 - - - 
Medium 0.57 0.36 - - 
Low 0.75 0.62 0.60 - 
 
4.3 Bird Inventories 
 
The following species were recorded during the track surveys: pileated woodpecker (Dryocopus 
pileatus), three-toed woodpecker (Picoides tridactylus), pine grosbeak (Pinicola enucleator), red 
crossbill (Loxia curvirostra), brown creeper (Certhia americana), Black-capped chickadee (Parus 
atricapillus), boreal chickadee (Parus hudsonicus), mountain chickadee (Parus gambeli), golden-
crowned kinglet (Regulus satrapa), red-breasted nuthatch (Sitta canadensis), gray jay (Perisoreus 
Canadensis), and Steller’s jay (Cyanocitta stelleri). All observations occurred between 09:00 and 
14:30. 
 
4.4.1 Woodpeckers 
 
Only 8 woodpeckers were observed during the mammal track inventories: 2 pileated and 5 three-
toed woodpeckers in excellent-quality polygons, and 1 three-toed in a medium-quality polygon.  
Because of the small sample size, no significant difference was detected between polygon types (P 
> 0.05). 
 
4.4.2 Late-successional Bird Complex 
 
The following species are associated with late-successional forests: pileated and three-toed 
woodpeckers, red crossbill, brown creeper, mountain chickadee, and red-breasted nuthatch (Proulx 
2000b). A total of 34 observations were recorded along inventory transects: 26 in excellent-quality 
polygons, 7 in medium-quality polygons, and 1 in low-quality polygons. The observed frequency of 
this late-successional bird complex per polygon type was significantly different (χ2 = 21.47, df: 2, P 
< 0.001) from random. Observations were significantly less abundant than expected in medium- and 
low- quality polygons (G = 12.2, df: 1, P < 0.001) (Figure 3).  
 
4.5 Wildlife Tree and Vegetation Plot Inventories 
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4.5.1 Wildlife Trees (WT) with Bird Signs 
 
A total of 160 wildlife trees with bird signs were recorded along the inventory transects (Figure 3). 
The observed frequency of WT per polygon type was significantly different (χ2 = 89.73, df: 3, P < 
0.001) from random. Wildlife trees were significantly more abundant than expected in excellent-
quality polygons (G = 15.6, df: 1, P < 0.001), but significantly less abundant than expected in low- 
quality polygons (G = 48.8, df: 1, P < 0.001).  
 
There was a significant difference in WT dbh sizes among polygon types (F4,153 = 4.357, P < 0.05). 
Wildlife Trees recorded in excellent-quality polygons (n = 117, ⎯x = 59.9 cm, standard deviation = 
24.5 cm) were significantly (P < 0.05) larger than WTs inventoried in high-quality polygons (n = 
31, ⎯x = 41.1 ± 16.5 cm).  WTs recorded in medium- (n = 5, ⎯x = 51 cm ± 23.8 cm)   and low- 
quality polygons  (n = 31, ⎯x = 47 ± 34.5 cm) were legacies from previous human activities, and 
intermediary (P > 0.05) in size between excellent- and high- quality polygons.  
 
There was a significant difference in WT heights among polygon types (F4,154 = 6.56, P < 0.05). 
Wildlife Trees recorded in excellent-quality polygons (n = 117, ⎯x = 32.4 m ±  13.2) were 
significantly (P < 0.05) taller than those inventoried in high- (n = 32, ⎯x = 23.0 ± 13.8 cm) and low- 
(n = 4 ⎯x = 11.6 ± 12.7 cm) quality polygons. WTs recorded in medium-quality polygons were 
intermediary in size (n = 5 ⎯x = 29.0 ± 16.4 cm) and did not differ (P > 0.05) from those of other 
polygons.  
 
The proportions of WT classes were similar (χ2 = 9.56, df: 6, P > 0.05) from one polygon type to 
the other (Table 5). 
 
Table 5.  Proportions of WT classes among polygon types. 

Number of WT per class Polygon type 
Class 1-2 3-4-5 6-7 8 

Excellent 90 17 9 2 
High 20 6 3 3 
Medium 3 2 0 0 
Low 3 0 0 2 
 
4.5.2 Distribution of Woodpecker Signs 
 
A total of 161 woodpecker signs were recorded along the inventory transects: 99 (61.5%) three-
toed, 25 pileated (15.5%), 27 (16.8%) hairy woodpeckers, and 10 (6.3%) sapsuckers (Sphyrapicus 
spp.). The observed frequency of woodpecker signs per polygon type was significantly different (χ2 
= 105.17, df: 3, P < 0.001) from random. Woodpecker signs were significantly more abundant than 
expected in excellent-quality polygons (G = 19.8, df: 1, P < 0.001), but significantly less abundant 
than expected in low- quality polygons (G = 48.8, df: 1, P < 0.001). 
 
The observed frequency of three-toed woodpecker signs per polygon type was significantly 
different (χ2 = 87.1, df: 2, P < 0.001) from random. They were significantly more abundant than 
expected in excellent-quality polygons (G = 16.6, df: 1, P < 0.001), but significantly less abundant 
than expected in the other polygons (G ≥ 4.7, df: 1, P < 0.05). 
 
Individual tests on the distribution of pileated and hairy woodpecker signs showed that the observed 
frequency of signs per polygon type was significantly different (χ2 ≥ 11.51, df: 2, P < 0.01) from 



random. Signs from each species were significantly less abundant than expected in low-quality 
polygons (G ≥ 7.36, df: 1, P < 0.01). 
 
4.5.3 Wildlife Tree Plots 
 
Twenty-nine plots were surveyed for WT: 10 (34.4%) in excellent-, 6 (20.7%) in high-, 2 (6.9%) in 
medium-, and 11 (37.9%) in low- quality polygons. The average number of WT in these polygons 
was 0.9 (± 0.9), 0.8 (± 1.0), 0, and 0.2 (± 0.4), respectively. The number of WT was very variable 
from one plot to the other, and there was no significant difference (P  > 0.05) between polygons. 
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Figure 3. Abundance of woodpecker signs in marten excellent-, high-, medium-, and low- quality polygons. 

 
 
5.0 DISCUSSION 
 
This study ascertained Proulx et al.’s (2006) conclusion that marten is highly discriminate in its selection of 
winter habitat.  As it was the case in past inventories, marten was found exclusively in late-successional 
forests.  Also, there was a close relationship between polygon classes and vegetation composition, i.e., 
excellent-, high-, medium, and low- quality polygons corresponded to old, mature, young and immature 
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stands, respectively. Not surprisingly, the analysis of species distributions according to polygons gave the 
same results as the analyses conducted on the basis of seral stages.  
 
The main result of this study is that excellent-quality polygons had the highest diversity mammal diversity, 
the greatest abundance of woodpeckers, and a high species richness index. Low-quality polygons also had a 
relatively high species richness index. One of the weaknesses of species richness indexes is the inability to 
distinguish between the abundant and “important” species (Smith 1974). All the species that were present in 
low-quality polygons, were also recorded in excellent-quality polygons. In the latter, however, there were 
unique species such as marten and woodpeckers, and several animals that are associated almost exclusively 
with late-successional forests.  The presence of these species with highly discriminate habitat needs shows 
that the excellent-quality polygons are actually richer and more diversified in wildlife than any other 
polygon. 
 
The study of moose distribution in TFL 30 was in agreement with previous studies that showed that moose 
preferred mosaics of seral stages where they can use both cover and browse (Proulx and Joyal 1981, Peek 
1998, Proulx and Kariz 2005).   
 
In 2003, the Public Advisory Group raised concerns about the selection of American marten as a species 
indicator of late-successional forest communities (Wainwright 2003).  This study and previous findings 
(Proulx 2006) showed that marten were found exclusively in mature and old forests. These forests, and 
particularly the old-growth stands of the excellent-quality polygons, were the richest in wildlife trees and 
woodpecker signs.  Woodpeckers and sapsuckers play a key role in forest ecosystems by providing nest holes 
for other vertebrates (Bull et al. 1996).  Woodpecker cavities are used by a diversity of birds and mammals, 
and a large array of invertebrates (Thomas et al. 1979, Neitro et al. 1985, Bunnell et al. 1999).  In other 
words, using marten as a late-successional species indicator allows one to identify those sites that are 
significantly more valuable for primary- and secondary- cavity nesters, and for biodiversity in general.  
Interestingly, species such as the red-breasted nuthatch and boreal chickadee were found exclusively in 
marten polygons. Proulx (2000) had also identified these species as valuable late-successional indicator 
species.  
 
This first year of research on species diversity in marten polygons was successful in demonstrating that these 
polygons may be used in forest management plans to maintain late-successional biodiversity, and to identify 
key areas such as old-growth management areas and wildlife tree patches. By properly distributing these 
polygons across the landscape, one can maintain a complex biodiversity. In other areas, by altering or 
changing the distribution of these stands, one could create valuable habitats for early- and mid- successional 
species such as moose. That is to say that these marten polygons are a useful tool to use in forest 
management.  In the light of this year’s success, it is recommended to repeat this study next year in other 
transects in order to increase sample size and further our understanding of marten-biodiversity relationships. 
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8.0 APPENDIX 
 
Distribution of mammal tracks per habitat type, TFL30, December 2005 – February 2006. 

 

Number of Tracks  
Habitat  type 

 
Length(m) Snowshoe 

hare 
Squirrel        Weasel Marten Fisher Wolverine Coyote Wolf Lynx Moose

Openings           315 6 11
Immature 1             943 1 1 12 1 6
Immature 2             2449 64 8 7 6
Young Sw             99 10 1 1
Young SxBl             767 8 12
Young  
con-dec 

379           11 5

Young dec.             20
Mature Sw             100 3 4 1
Mature 
SwBl 

4954           12 140 11 9 6 1 3 2 1 34

Mature BlAc 49           
Mature Bl             381 9
Old BlH             437 22 1
Old Sw             880 6 1
Old SwBl             1492 8 37 2 3 2 1 1 5
Old Bl             56 1 4 7
Total            1321 110 250 32 13 9 1 6 3 16 68
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