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Abstract · 

The C~per Lake Buffer Zone Study was initiated in 1994 to evaluate the effects 

of forest harvesting practices on mammalian? avian and piscine assemblages in a small 

watersheda This ponion of the Copper Lake study evaluates mammalian abundance in 

riparian habitats both prior to and immediate! y following forest harvesting. Three 

headwater streams within the Copper Lake watershed received different harvesting 

treatments; i.e., harvested with no riparian buffer. harvested with a 20m riparian buffer 

and not harvested (essentially a buffer of at least 100 m). The riparian habitats and 

adjacent interior forests on both sides of each stream were evaluated. for mammal usage 

prior to and after harvesting. 

Summertrapping studies of small mammals, i.e., masked shrews (So rex dnereus), 

meadow voles (Microtus pennsylvanicus) and deer mice (Peromyscus manicu/atus). prior 

to harvesting indicated that these species were initial I y low in abundance. Shrew 

abundances showed a large increase in the summer of 1995 in both harvested and 

unharvested study sites. Post-harvesting data from the summers of 1995 and 1996 

indicated no noticeable, immediate effect of harvesting on S. cinereus when the clear-cut 

sites were compared to uncut sites. Within the 20 m buffers, however, shrew abundances 

were significantly higher than in the adjacent clear-cuts. M. pennsylvanicus and P. 

maniculatus showed slight increases in harvested ~- The cyclical nature of such small 

mammal-species may account, in part, for these increases, particularly since abundances 

were so low in 1994. 
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Winter track data for other mammalian species. i.e.. pine marten (Martes 

americana), weasel (Mustela enninea), red fox (Vulpes vulpes). snowshoe hare (Lepus 

americanus) and red squirrel (Tamiasdurus hudsonicus), indicated that prior to 

harvesting, winter activity was generally higher in the forest than at the stream edges. 

After harvesting occurred, I found that more activity occurred in residual patches of 

forest, including riparian buffers, than in the clear-cuts. Marten, hare and squirrel tracks 

were significantly more abundant on forested transects. No manen tracks were observed 

on the clear-cuts without a buffer, while track abundances increased on the uncut sites. 

The results of this study raise the question of whether a 20 m buffer is adequate to 

suppon increased competition for space and prey due to species packing, especially 

considering the low diversity and densities of small mammals in insular Newfoundland. 

This can also be compounded with the potential loss of buffer habitat over time due to 

tree blowdown. 
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Introcluction 

Riparian habitats are those that border the shorelines of lakes, rivers and streams. 

forming the transitional zones between aquatic and terrestrial ecosystems (Gregory et al. 

1991, Stocek 1994). They have been studied from a variety of perspectives resulting in 

a diversity of definitions (Gregory et al. 1991). For example. a riparian zone can be 

defined as the immediate water's edge with a distinct community of plants and animals. 

the banks and floodplain of a stream, or the band of forest that either significantly 

influences or is significantly influenced by the stream ecosystem (Hunter 1990). Defining 

the limits of a riparian zone is not easily done (Gregory et al. 1991, Binford and 

Buchenau 1993), but the boundaries extend outward from the stream to the limits of 

flooding and vertically into the streamside vegetation canopy (Gregory et al. 1991). 

Ewel (1978) stated that riparian zones have two essential characteristics: laterally 

flowing water that rises and falls at least once within a growing season and a high degree 

of connectedness with other ecosystems. Riparian zones are also characteristically patchy 

with high species diversity and productivity (Gregory et al. 1991, LaRue et aL. 1995). 

This is often due to their ecotonal nature which produces maximum edge conditions 

within a small area (Thomas et al. 1979, Parker 1993). The linear nature of streams and 

river valleys plus their associated disturbance regimes also contribute to the patchiness of 

riparian zones (Gregory et al. 1991). 

Much of the research on riparian zones in North America has been based on 

studies in arid western regions where there is a sharp contrast between the vegetation of 
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the riparian zone and that of the adjacent area (Cross 1985, LaRue et al. 1995). In the 

boreal forests of the northeast, riparian zones are not as clearly defined (Cross 1985, 

Stocek 1994, LaRue et al. 1995). This is because soil water is not as limiting (LaRue et 

al. 1995) and therefore the vegetation of riparian and upland areas tends to blend and 

create a broader ecotone (Cross 1985). 

The uniqueness and importance of riparian zones to terrestrial and aquatic 

ecosystems are well documented (e.g., Thomas et al. 1979, Cross 1985, Pike and Racey 

1989, Hunter 1990, Parker 1993, LaRue et al. 1995). There are many reasons why 

riparian zones have ecological and economical values. They can protect streams from 

excessive temperature increases, siltation and nutrient leaching resulting from terrestrial 

disturbances (Corbett and Lynch 1985) and thus help preserve water quality and fish 

habitat (Pike and Racey 1989, Parker 1993). Often identified as prime wildlife habitat 

(LaRue 1995). riparian zones provide a source of food, cover and water for a variety of 

animal species (Thomas et at. 1979). For example, the nutrient-rich. productive 

vegetation of these areas produces quality forage for browsing animals, and the presence 

of water provides habitat for species such as beaver and otter which require both aquatic 

and terrestrial habitat features (Stocek 1994). Riparian zones are also used by wildlife as 

migration routes (Thomas et al. 1979). travel corridors (Gregory et al. 1991) and refugia 

(Spackman and Hughes 1995). 

Riparian zones provide productive stands for harvesting timber (Cross 1985. 

Binford and Buchenau 1993) and are noted for their scenic and recreational values 
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(Thomas et al. 1979, Parker 1993). Thus, they represent a potential area of conflict for 

a variety of resource users (Thomas et al. 1979). 

Riparian zones are viewed as sensitive environments (Thomas et al. 1979, Stocek 

1994) and can be affected by landscape changes caused by physical and biological 

disturbances (Wissmar and Swanson 1990). Examples of natural disturbances include 

removal of riparian vegetation by flash floods and landslides, fire, wind, plant disease 

and insect outbreaks (Wissmar and Swanson 1990, Gregory et al. 1991). Human 

influences include stream channelization (Beschta and Platts 1986), road construction, 

agricultural practices, recreational use and forest harvesting practices (Thomas et al. 

1979, Wissmar and Swanson 1990). 

Intensive forest harvesting activities have been ongoing in insular Newfoundland 

since the early 1900s, and much of the merchantable timber in the province occurs in 

association with riparian habitats (Scruton et al. 1995). Forest harvesting in these areas 

can have a variety of effects. For example, water quality and quantity are often affected. 

The more significant impacts on water quality involve increases in water temperature, 

turbidity and sediment levels, and concentration of dissolved nutrients (Corbett and Lynch 

1985). Harvesting trees can also increase water output from watersheds (Brown and 

Beschta 1985, Pike and Racey 1989, Neary and Hornbeck 1994). 

Landscape fragmentation results from forest harvesting and can dramatically 

change the habitat value for some wildlife species while at the same time create new 

habitats and opportunities for more tolerant species (Freedman 1982, Neary and Hornbeck 

l 
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1994). Forest floor microclimatic characteristics influenced by light, moisture and 

temperature, are often changed (Morrison et al. 1992) at edges and this may extend for 

tens of meters into adjacent interior habitats. Such changes can alter the native plant and 

animal communities present (Collinge 1996). In addition, the availability of cover can 

change, as well as the types and quality of foodbase (Morrison et al. 1992). Competition 

and predation can be increased through bringing together species which normally have 

little contact (Morrison et al. 1992). 

Legislation concerning forest harvesting in riparian habitats often requires that a 

strip of uncut trees, i.e., a buffer zone, be left along the edge of the water body. 

Although these riparian buffers are recognized for their usefulness in minimizing the 

effects of forest harvesting on aquatic and terrestrial habitats, the width necessary fo~ ... 

them to be effective is controversial (Freedman 1982). Corbett and Lynch (1985) stated 

that a 40 ft (12.2 m) riparian buffer may be adequate to prevent temperature increases 

in small streams, but iri order to protect the stream ecosystem a zone of 66 {20.1 m) to 

100 ft (30.5 m) is usually required. Within mature, northern hardwood forests in 

Vermont, Spackman and Hughes (1995) found that the effective riparian buffer width for 

plant diversity around third and fourth order streams varied among sites. For example, 

at one site a riparian buffer of at least 30 m above the high water mark was necessary to 

retain over 90% of the vascular plant species, while at another site a buffer of only 10 

to 15 m was needed. They also determined that corridor widths of 150 to 175 m were 

necessary to include 90 to 95% of the bird species. Darveau et al. (1995) found evidence 
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that a 60 m riparian buffer was required for forest-dwelling birds in Quebec. In 

Newfoundland, Whitaker and Montevecchi (1997) found that many interior forest birds 

were rare along riparian edges and stated that preserved contiguous blocks of interior 

forest are necessary in addition to the riparian buffer. For resident squirrel populations 

in young pine plantations of the southern United States, Dickson (1989) stated that a 

riparian buffer of at least 50 m is necessary to meet minimal habitat requirements. 

Timber harvesting guidelines for riparian buffers along waterways also vary from 

jurisdiction to jurisdiction. In Newfoundland, all waterways appearing on a 1:50 000 

topographic map require a 20 m wide, no harvest buffer when the slope is less than 30% 

and 12m+ (1.5 x % slope) when the slope is greater than 30% (Newfoundland Forest 

Service 1993). In special cases, such as protected water supplies, wider, no harvest 

buffers are required (Newfoundland Forest Service 1993). Similar guidelines are in place 

for Nova Scotia (Towers and Milton 1990), while in New Brunswick 30m buffers are 

required on each stream side, with 75 m buffers on protected water supplies (Hooper 

1994). In Oregon, riparian buffers must be three times the width of the stream but not 

less than 8 m or greater than 31 m (Brown 1994). Such variation in 

recommended/required riparian buffer widths results from the great variety in riparian 

zones from region to region making it difficult to develop guidelines that are appropriate 

in all situations. In addition, riparian buffers are often subject to tree blowdown which 

can reduce their effectiveness over time (Stein,blums et al. 1984) and add to the difficulty 

of determining adequate buffer widths. In order to develop appropriate harvesting 
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guidelines for the boreal forest. there is a need for ecosystem-specific data for wildlife 

habitat usage that consider local conditions. . 

The majority of studies on mammalian responses to forest harvesting involves 

small mammals such as rodents and insectivores. In a review of 21 studies, Kirkland 

(1990) identified a general pattern of positive initial response of small mammals to 

conventional clear-cutting of temperate North American forests. Kirkland (1977) found 

that in northern Appalachian forests of West Virginia small mammals initially increased 

after harvesting but such changes were not- long-lasting. Six to fifteen years after 

harvesting, small mammal abundance and diversity decreased. Similar results were 

obtained by Parker (1989) in conifer plantations of New Brunswick - small mammals 

showed an initial increase in abundance followed by a prolonged decline as microhabitat 

changed over time (lowest densities in plantations aged 15 - 17 years). In clear-cuts of 

black spruce forests of northern Ontario the most obvious change was in small mammal 

species composition rather than density (Martell and Radvanyi 1977). Red-backed voles 

(Clethrionomys gappen) were common on uncut stands and predominated initially (up to 

two years) on the new clearcuts, but then declined rapidly, while deer mice (Peromyscus 

maniculatus) were uncommon prior to harvesting and subsequently predominated two 

years after harvesting occurred. 

Small mammal populations in temperate forests characteristically exhibit seasonal 

and/or multi-annual fluctuations (Kirkland 1990). Microtine rodents are well-known for 

their cyclical nature (Elton 1965, Batzli 1992), while Peromyscus spp. typically exhibit 
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constant low population densities without major yearly fluctuations (Terman 1968,. Batzli 

1992). Soricid population densities show both considerable seasonal and annual variation, 

but rarely exhibit the regular peaks and crashes as seen in the microtines (Churchfield 

1990). Any changes in small mammal abundance subsequent to clear-cutting may be 

reflective of natural population fluctuations and such fluctuations should, therefore, be 

acknowledged. 

Microtine rodents occupy a variety of habitats from woodlands to meadows 

(Whitaker 1992) and have diets consisting mainly of grasses, sedges and other herbaceous 

vegetation (Northcott 1980, Banfield 1987). Microtines generally show increased 

abundance on recent clear-cuts compared with uncut forests, with the species most 

responsible being the red-backed vole (Clethrionomys gappen) (Kirkland 19TI, Manell 

and Radvanyi 1977, Martell 1983, Kirkland 1990). Meadow voles (Microtus 

pennsylvanicus) are often trapped in higher numbers on clear-cuts where favourable wet, 

grassy patches are created (Ramirez and Homocker 1981, Swan et al. 1984, Probst and 

Rakstad 1987). Possible factors favouring an increase in microtines on recent clear-cuts 

include increased herbaceous ·resources and/or slash cover following clear-cutting 

(Kirkland 1977, Martell 1983, Yahner 1986). 

Deer mice (Peromyscus maniculatus) exhibit a broad tolerance for different 

habitats, from grasslands to coniferous forests, with the requirement that the hab~tat be 

dry (Banfield 1987). They are primarily seed eaters. but also eat animal prey, such as 

insects, insect eggs and larvae, and spiders (Banfield 1987). Deer mice tend to show a 
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pattern of increase in abundance following clear-cutting in coniferous forests and a 

decrease in abundance following clear-cutting of deciduous forests (Kirkland 1977, 

Kirkland 1990). Martell (1983) found that deer mice increased on scarified clear-cuts over 

the first three summers after harvest, while on unscarified clear -cuts they remained rare 

for two years following clear-cutting. Manell and Radvanyi (1977) found deer mice to 

be scarce at the end of the first summer after clear-cutting but that they increased by the 

end of the second and remained high in the third. Deer mice numbers in clear-cuts are 

affected by the amount of fruit and seed-producing vegetation present (Ramirez and 

Homocker 1981) .. 

Soricids are found in a variety of habitats, with the presence of moisture being a 

major factor influencing their distribution (Getz 1961). Areas with ground cover such as 

leaves, stumps and herbaceous vegetation seem to be ideal habitats (Banfield 1987) 

because cover promotes high humidity conditions (Getz 1961). Shrews primarily eat 

invertebrates, but also include plants, fungi and small mammals in their diet (Whitaker 

1992). They show varied responses to forest harvesting but the general pattern is an 

increase in shrew numbers on recent clear-cuts (Kirkland 1990). Martell (1983) found 

significantly more soricids on unscarified clear-cuts in Ontario than on scarified clear-cuts 

or uncut sites. In Nova Scotia, Swan et al. (1984) found that although shrew numbers 

were low during their study, the greatest abundance of shrews occurred on clear-cuts. In 

contrast, Sullivan and Sullivan (1982) found that in coniferous forests of British Columbia 

shrew density was consistently higher in the forest than on the clear-cuts. Because shrews 



9 

are primarily insectivorous they should not be as directly affected by changing plant 

communities as are herbivores (Sullivan and Sullivan 1982). An increase in shrew 

abundance after clear-cutting may be a direct response to increased invertebrate prey on 

the clear-cut (Martell 1983). 

Sciurids also show mixed responses to clear-cutting. Kirkland (1977) found that 

sciurids were excluded from clear-cuts in both coniferous and deciduous forest zones. 

Thompson et al. (1989) also found that red squirrels (Tamiasdurus hudsonicus) were 

more abundant in the uncut forest. For tree-dwelling sciurids, the loss of nest sites and 

shelter from clear-cutting may be the cause of this trend (Kirkland 1990). Ground

dwelling species such as the chipmunk (Tamias spp., Eutamias spp.) have been reported 

to increase in number following clear-cutting (Kirkland 1990). Martell and Radvanyi 

(1977) trapped plots for three years after clear-cutting occurred and found that least 

chipmunks (Eutamias minimus) did not appear on plots until the second summer. By the 

third summer after clear-cutting chipmunk numbers were relatively stable. 

There are fewer studies addressing the responses of other small mammalian 

herbivores and carnivores to forest harvesting. Snowshoe hare (Lepus americanus) eat 

grasses, forbs, tree leaves, plus tree buds, twigs and bark in the winter (Banfield 1987). 

They are found in various habitats, e. g., forests, swamps and riverside thickets (Banfield 

1987). Monthey (1986) and Thompson et ai. (1989) found higher snowshoe hare activity 

in regenerating clear-cuts than in undisturbed forests, however, the lowest amount of 

activity occurred immediately after cutting (Monthey 1986, Thompson et al. 1989). 
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Gashwiler (1970) observed that hares near forest edges moved out into clear-cuts when 

cover was sufficient and resided in available patches of suitable cover. Use of older clear

cuts by snowshoe hares is possibly related to more browse being available after harvesting 

(Monthey 1986). 

For species inhabiting climax coniferous forests, e.g., the pine marten (Martes 

americana), forest harvesting can have negative effects. In Maine, Soutiere (1979) found 

that clear-cuts were poor habitat for marten and manen densities in these areas were 

about one-third those of mature forests. For Ontario, Thompson (1991) reponed marten 

densities in clear-cuts to be 67 to 90% lower than in uncut, mature stands. One reason 

for marten preference of mature forests is that they require substantial venical structure 

(Thompson and Curran 1995) and this is not available in recently cut, second-growth 

stands (Stunevant et al. 1996). 

Thompson et al. (1989) studied winter tracks of mammalian species in Ontario and 

found that red foxes (Vulpes vulpes) showed higher activity in logged areas. This was 

expected as red foxes generally prefer semi-open areas and are seldom found in the 

interior of dense forests (Banfield 1987). In the same study, weasel (Mustela erminea) 

tracks showed no consistent pattern. Gashwiler (1970) and Towers and Milton (1990) 

found similar results for weasel tracks in Oregon and Nova Scotia, respectively. 

The island of Newfoundland has a depauperate fauna with a limited small 

mammalian prey base for larger predators (Northcott 1980, Tucker et al. 1988). This 

creates an unstable and unbalanced system (Northcott 1980, Dodds 1983). Meadow voles, 



11 

masked shrews, snowshoe hares and red squirrels are the only small mammalian prey 

species found in any abundance in the wild (Tucker et al. 1988). Other small mammalian 

species, such. as deer mice and striped chipmunks (Tamias striatus), are not well

established and are reported only from restricted parts of the island, most notably the 

west coast (Gould and Pruitt 1969, Northcott et al. 1973, Bateman 1983, Tucker et al. 

1988). 

The few studies of small mammals in relation to forest harvesting in insular 

Newfoundland (predominantly in western N"ewfoundland) show results comparable to 

those elsewhere. Tucker (1988) found no difference between shrew abundance in a 

mature forest and a one-year-old clear-cut in western Newfoundland. However, there 

were significantly higher numbers of shrews in a 13- and a 23-year-old clear-cut than in 

the mature forest. Meadow vole and deer mouse numbers were too low to directly 

detennine harvesting effects. Thompson and Curran (1995) caught shrews in all age clear

cuts and in uncut stands, while meadow voles were caught only in uncut stands. Nichols 

(1995) captured no small mammals on a one-year-old clear-cut. Tucker (1988) noted a 

slight increase in snowshoe hare abundance after forest harvesting based on their winter 

trails. 

Studies of the Newfoundland pine marten have produced similar findings to those 

elsewhere- marten seldom use clear-cut areas (Snyder 1984, Bissonette et al. 1988). In 

western Newfoundland, Snyder and Bissonette (1987) captured 90% of all live-trapped 

marten in residual stands, while only 10% were captured in clear-cuts less than 15 years 
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old. No manen were caught in 16- to 23-year-old clear-cuts. [ have uncovered no 

additional local studies of the reponses of other mammalian carnivores to forest 

harvesting. 

This project is one component of a larger study on riparian buffer zones in the 

Western Newfoundland Model Forest. The Copper Lake Buffer Zone Study (Scruton et 

al. 1995) was established with a multispecific, interdisciplinary approach to resource 

management in a small watershed with virgin, old-growth forests. The major foci of the 

Copper Lake study are the short- and long-term responses of aquatic and terrestrial 

wildlife to forest harvesting in riparian zones of the boreal forest, the effects of forest 

harvesting on water quality and the effectiveness of 20 m riparian buffers. Timber harvest 

regimes in the Copper Lake watershed were manipulated so that pre- and post-harvest 

data could be collected from three situations: a clear-cut without a riparian buffer: a 

clear-cut with a 20 m riparian buffer and an unharvested area with an effective buffer of 

at least 100 m. 

This thesis deals specifically with the pre-harvest usage and subsequent initial 

responses of small mammalian herbivores and carnivores to disturbance associated with 

forest harvesting in riparian and adjacent terrestrial habitats. 



13 

Methods 

Site Description 

The study area is located in the Copper Lake watershed (Figure 1), approximately 

18 km southeast of Corner Brook, Newfoundland, and falls within the Western 

Newfoundland Model Forest. This area is typical of the Comer Brook Subregion of the 

Western Newfoundland Ecoregion (Damman 1983). This ecoregion has generally 

nutrient-rich, productive humic podzols with a very dark 8 horizon due to humus content 

(Meades and Moores 1994); slates and limestone underlie most of the area (Damman 

1983). The climate is generally cool and wet with a mean annual temperature of 5.2°C 

(Table 1) and precipitation on more than 180 days a year (Damman 1983). 

Three first order streams, mean widths of 6.3, 6.1 and 5.8 m, in the Copper Lake 

watershed were selected for this study and named, by convention, T1-1, T1-2 and T1-3, 

respectively (Scruton et al. 1995). Riparian (stream bank) habitats and adjacent interior 

habitats on both sides of each stream were used as study sites (Figure 1, Table 2). Stream 

Tl-3 was divided into upper and lower sections. Tl-3 upper was used for this study, 

while Tl-3 lower actually cut through my study site at T1-2B (Figure 1). Figures 2 to 

4 depict these three streams and the approximate location of the study sites. 

The Copper Lake area consists predominantly of mature to overmature balsam fir 

(Abies balsamea) forest with black spruce (Picea mariana) fens (Meades and Moores 

1994) occurring frequently. White birch (Betula papyrifera) and white spruce (Picea 



Figure 1: a) Map of insular Newfoundland with general location of the Copper Lake 
and Comer Brook Watersheds highlighted. 

b) Enlargement of the highlighted area in (a). 

c) The Copper Lake Watershed enlarged from (b) showing approximate 
locations of the Copper Lake study sites and the logging road 
constructed in 1994/95. 
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Table 1: Climate nonnals (means from 1933-1990) for Comer Brook (48°57' N 
57°57' W) (Environment Canada 1991). 

Month Mean Temp. Total Rainfall Total 
ec> (mm) Snowfall 

(em) 

January -5.4 28.0 111.6 

February -6.8 17.1 74.9 

March -2.8 27.5 55 

April 2.6 39.5 23.6 

May 7.5 58.6 5.3 

June 12.9 83.5 0.2 

July 17.4 82.7 0.0 

August 16.8 97.4 0.0 

September 12.4 95.5 0.0 

October 7.2 109.0 6.4 

November 2.8 86.0 40.4 

December -2.5 46.0 97.0 

Year 5.2 771.0 414.4 

15 
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Table 2 : Study site locations and treatments. 

Site Location Elevation Years Studied Year Cut/ 
(m) Treatment 

Tl-IA 48°49'18"N, 375-400 winter 1994 to 1996 
57°46'56"W winter 1997 no buffer 

Tl-18 48°49'22"N, 375-400 winter 1994 to 1996 
57°46'56"W winter 1997 no buffer 

Tl-1C 48°49'19"N, 375-450 summers of 1994 
57°47'15"W 1995 to 1996 no buffer 

Tl-1D 48°49'24"N, 375-450 summers of 1994 
57°47' l3"W 1995 to 1996 no buffer 

Tl-2A 48°49'38"N, 375-425 winter 1994 to 1996 
57°45'13"W winter 1997 20m buffer 

Tl-28 48°49'38"N, 350-400 winter 1994 to 1996 
57°45'20"W winter 1997 20m buffer 

Tl-2D 48°49'48"N, 400-450 summers of 1994 
57°45'17"W 1995 to 1997 20m buffer 

Tl-3A 48°50' 13"N, 375-400 winter 1994 to uncut 
57°45'00"W winter 1997 

T1-3B 48°50'10"N, 375-425 winter 1994 to uncut 
51°44'55"W winter 1997 

FEN 48°48'18"N, 330-350 summers of no treatment 
57°38"48'W 1994 to 1996 

5YRCO 48°48'30"N, 350-425 summers of harvested 
57°49'55"W 1994 to 1996 - 1990 



Figure 2: Aerial photograph of the stream Tl-1 and the approximate locations of the 
associated study sites, Tl-lA, B, C and D. 

Figure 3: Aerial photograph of the stream Tl-2 and the approximate locations of the 
associated study sites, Tl-2A, Band D. 



Figure 3 



Figure 4: Aerial photograph of the stream Tl-3 and the approximate locations of the 
associated study areas, Tl-3A and B. 



Figure 4 
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glauca) are also present in the area. Tree heights obtained from the Newfoundland Forest 

Service forest type maps range from 9.6 to 15.5 m. Site elevations range from 350 to 450 

m (Table 2). A list of mammalian species (Northcott 1980) potentially found in the 

Copper Lake area is provided in Appendix A. 

Study Desi&n 

The Copper Lake watershed was chosen by the various participants in the Buffer 

Zone Study because it contained riparian habitats located within old-growth ( > 80 years 

old) forests that were scheduled to be harvested during 1994 to 1996. Harvesting was 

scheduled for fall 1994 so that one year of pre-harvest data (winter through summer 

1994) and then one year of post-harvest data (winter through summer 1995) could be 

collected. The cutting plan was designed so there would be two uncut areas (T1-3A and 

TI-38), two clear-cuts with no riparian buffer (Tl-lA and Tl-18), and two clear-cuts 

with a 20m riparian buffer (Tl-2A and Tl-28) (Table 2). For the small mammal ponion 

of the study only, two additional sites outside of the Copper Lake study area were 

included: a five-year-old cutover (5YRCO) and a fen, both near Comer Brook Lake 

(Table 2). These sites were used to check small mammal numbers in other habitat types 

and to compare capture frequencies inside and outside of the Copper Lake watershed. 

When the sites at Copper Lake were revisited in 1995 it was discovered that 

harvesting had not occurred on the correct areas. Instead, portions of forest further 

upstream from sites Tl-1A, T1-18, Tl-2A and T1-28 had received the treatments. The 
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study design was then altered in order to include some of these harvested areas. Two 

clear-cuts without a riparian buffer. sites Tl-lC and T1-1D, and one clear-cut with a 20 

m riparian buffer, T1-2D, were added only for the small mammal ponion of the study. 

Figures 5 to 7 depict the study sites at Copper Lake in their pre- and post-harvest 

conditions, while Figure 8 shows the fen and 5YRCO site used for the small mammal 

study. It should be noted that prior to the late summer of 1994 there was no road access 

to any of the sites at Copper Lake. Subsequently, the logging road that was constructed 

passed through the interior of the plot on T1-1B and across the northern comer of the plot 

on T1-2A (Figure 1). The logging road also curved around the western/southwestern 

boundaries of T1-1A and paralleled the northern boundary of Tl-3A (Figure 1). 

This study was extended to summer 1996 and winter 1997 as sites T1-1A, Tl-lB, 

Tl-2A and Tl-28 were harvested in 1996 according to the original cutting schedule. This 

allowed a comparison of baseline and post-harvest data as originally planned. 

Small Mammals 

Small mammals were trapped from June 27 to August 25, 1994, July 6 to August 

20, 1995 and June 15 to August 20, 1996. Starting at the stream edge of each site. 10 

parallel trap lines, 15 m apart, were set up with 10 stations per line. Stations were placed 

at 15m intervals resulting in an effective grid size of 150 x 150m (2.25 ha). Traps were 

placed within 2 m of the station marker. Sites were trapped for a maximum of five days. 

Two smaller grids (75 m x 75 m) were established outside the study area in a fen and in 



Figure 5: a) Photo depicting forest conditions at Tl-lA, prior to harvesting. 

b) Photo depicting the fen on Tl-lB with the forest in the background 
(prior to harvesting). Note the pink and yellow flagging tape 
representing small mammal trapping stations. 



Figure 5 



Figure 5: c) Photo depicting pre-harvest forest conditions at Tl-18. Notice the 
deadfall typical of an older forest. 

d) Photo depicting post-harvest conditions at both Tl-lA (right of stream) 
and Tl-18 (left of stream and above road). Note that the logging road 
passes through the interior of the plot on Tl-18 and that a portion of the 
plot remains forested. Also note skidder trails along Tl-lA. Copper Lake 
is at the far end of the picture. 



Figure 5 



Figure 5: e) Phmo depicting post-harvest conditions at Tl-tC_ 

0 Photo depicting post-harvest conditions at Tl-10. Notice in both pictures 
the amount of debris. slash and scrub spruce remaining. 



Figure 5 



Figure 6: a) Photo depicting pre-harvest forest conditions at Tl-2A. 

b) Photo depicting post-harvest conditions at Tl-2A. The 20 m buffer on 
Copper Lake is ·in the background. Note the slash and the sun-curing of 
the remaining vegetation. 



Figure 6 



Figure 6: c) Photo depicting pre-harvest forest conditions at Tl-28. 

d) Photo depicting post-harvest conditions at TI -28. The 20 m stream 
buffer is shown on the right and the 20 m buffer on Copper Lake is at 
the far end of the picture. 



Figure 6 



Figure 6: e) Photo depicting post-harvest conditions at Tl-2B. The 20 m buffer seen 
here is that from Tl-3 lower. the stream that passes through the 
southeast side of the plot at Tl-2B. Note the blowdown occurring at the 
edge of the buffer (in contrast to the buffer shown in Figure 6d which 
was sheltered from the wind). 

f) Photo depicting post-harvest conditions at Tl-2D, looking toward the 20 
m buffer. Note the piles of slash left on the edge of the piot. 



Figure 6 



Figure 7: a) Photo depicting forest conditions at Tl-3A. 

b) Photo depicting forest conditions at Tl-38. 



Figure 7 



Figure 7: c) Photo depicting the grassy streamsides of Tl-3A (left and far end 
of photo) and Tl-3B (right of photo). 



Figure 7 



Figure 8: a) Photo depicting the fen near Comer Brook Lake used as an additional 
small mammal trapping site. 

b) Photo depicting the five-year-old cutover on the side of Corner Brook 
Lake (background) used as an additional small mammal trapping site. 



Figure 8 
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a five-year~ld clear-cut. 

In 1994, small Sherman live-traps were used initially on T1-lA and Tl-18. One 

trap was set per station and each trap was baited with a mixture of rolled oats, peanut 

butter. brown sugar, honey and bacon fat. Sheep's wool was used as bedding material. 

The traps were set for five days and checked twice daily, at 6:00a.m. and at 8:00p.m .. 

Any traps missing bait or with wet bedding were reset with new material. 

No small mammals were caught in the live-traps over 1000 trap-nights (TN), so 

the first two sites were immediately re-trapped using Victor snap-traps and the same bait 

mixture. Fifty snap traps were used with two traps at every second station. The Victor 

snap-traps captured some shrews and voles, so they were used instead of the live-traps 

on the remaining sites. Initially, large numbers of snap-traps were difficult to obtain so 

trapping effort was increased as more traps became available. This also served as a check 

on whether trapping effort was affecting the results. 

The trapping effort was doubled on the next two sites, Tl-2A and Tl-28, with 

100 snap traps used per site (1 trap per station). At Tl-3A and Tl-38 there were 200 

snap traps used per site (2 traps per station). 

In 1995 and 1996, all grids were set with two traps per station, including T1-lC, 

T1-1D and T1-2D. The total number of TN was adjusted for traps damaged by other 

animals, traps set off by heavy rainfall and missing traps. Catches were standardized to 

numbers of small mammals per 100 TN because of unequal trapping effort (cf. Clough 

1987, Parker 1989). 
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Winter Tracks 

Series of line transects parallel to each stream were set up on T1-lA. T1-18, T1-

2A. Tl-28, Tl-3A and T1-38 in late January, 1994 and these were surveyed for mammal 

tracks from February 4 to April 8, 1994, January 2 to April 12. 1995. January 27 to 

March 30. 1996 and January 9 to March 29. 1997. The transects ranged from 150 m to 

250 m in length depending upon the topography of each site. The first transect was 

located at the stream's edge. while the second and third transects were set 20 m and 50 

m back respectively. The remaining transects were spaced at 50 m intervals up to a 

distance of 150m from the stream where possible (i.e. all sites except Tl-28). Transects 

were walked within 24 hours of fresh snowfall. Any new traclc sets which occurred within 

5 m on either side of the transect lines were counted and identified to species. The 

direction of animal travel and the location of tracks along the transect were also recorded. 

Habitat 

Overstory vegetation was described during summer 1994 using the point quarter 

method as outlined in Smith (1990). This plotless method involves selecting and marking 

a series of random points along a line transect through a stand of trees. The working area 

around each point is divided into four 90° quadrants and then the distance to the nearest 

tree in each quadrant is measured. The species of tree and diameter at breast height are 

also recorded. Six to seven point quaner transect lines 150 m long and spaced 25 m apart 

were set up on each site. Seventeen random po'ints from which to measure trees were 
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selected from a random number table (numbers picked between 0 and 150) and the same 

series of random points was used for each transect. Tree densities and frequencies were 

calculated using the formulae: relative density = number of individuals of species A/total 

number of individuals of all species x 100; frequency = number of points at which 

species A occurs/total number of points sampled x 100 (Smith 1990). Approximate tree 

densities and frequencies were obtained forTl-lC, T1-1D and Tl-20 in 1995 from tree 

stumps and residual trees. 

Understory vegetation cover was estimated using Braun-Blanquet cover classes (0-

1%, 2-5%, 6-25%, 26-50%, 51-75%, 76-100%; modified from Smith 1990). The 

midpoints of these cover classes (0.5, 3.5, 15.5, 38.0, 63.0 and 88.0%, respectively) 

were then used for statistical purposes and for calculations of mean cover. For each site, 

25 randomly selected stations from the small mammal grids were used as plots. Nested 

plots with sizes relative to the size of vegetation type were used: a L4 x 1.4 m plot for 

woody plants, a 1 x 1 m plot for herbaceous vegetation and a 0.1 x 0.1 m plot for 

bryophytes. Plants were identified to genus and species where possible (using Ryan 1978, 

Scott 1987, Niering and Olmstead 1993 and Meades and Moores 1994) and were also 

grouped into the following categories: shrubs, forbs, grasses, sedges, feather mosses, 

Sphagnum spp. and lichens. This was done to compare the physiognomic characteristics 

of the sites. 
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Statistical Analysis 

Statistical analyses were carried out using the SPSS statistical package for 

Windows. To determine similarities and differences between sites a hierarchical cluster 

analysis (average linkage method) was performed using tree stand and understory 

vegetation characteristics as variables. Shannon-Wiener diversity indices and jacknife 

estimates of plant species richness (Kent and Coaker 1992) were calculated for each site. 

Comparisons of small mammal abundances by sites and harvesting treatments were 

limited to Sorex cinereus, owing to the infrequent capture of both Microtus 

pennsylvanicus and Peromyscus maniculatus throughout this study. Shrew data from 1994 

were examined separately because there were only uncut sites trapped in this year. A 

single sample t-test (a = 0.05) was performed on these data to see if observed shrew 

abundance was affected by the progressive increase in trapping effort on Tl-2A and B 

and Tl-3A and B. 

A one-way ANOVA, followed by a Tukey's multiple comparison test (a= 0.05) 

was used to test for differences in shrew abundance over the three summers. In addition, 

shrew abundances from 1995 and 1996 were grouped by harvesting treatment type (i.e., 

uncut, clear-cut, clear-cut with 20 m . buffer) and a two-way ANOVA (a = 0.05) was 

used to test for the effects of both year and harvesting treatment. For 20 m buffer sites, 

the catch per 100 TN was also calculated separately for the buffers and adjacent clear

cuts. A paired sample t-test (a = 0.05) was then used to compare shrew abundances 

between the 20m buffers and adjacent clear-cuts. 
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Pearson correlation coefficients were calculated to determine the amount of 

correlation between 1995 shrew and meadow vole abundances and the following 

vegetation variables: percent cover of shrubs, forbs, grasses, sedges. feather mosses, 

Sphagnum spp.. and lichens, tree density. tree frequency. plant species richness and 

Shannon-Wiener diversity. Deer mice captures were too infrequent to attempt any 

correlation analysis. A stepwise multiple regression of shrew and meadow vole 

abundances on vegetation characteristics was run using the previous variables. 

Winter track data were very variable with many zero counts for most mammal 

species and therefore, nonparametric statistical methods were used on these data sets (cf. 

Thompson et al. 1989). Track counts were standardized to numbers per 100m. Kruskai

Wallis and Tukey tests (Zar 1996) were then used to compare total and individual species 

track abundances by year. by distance from the stream and by site. The 1997 track data 

(track sets/100 m) were categorized on the basis of whether individual transects were 

forested or open (clear-cut or no tree cover). Kruskal-Wallis and Tukey tests were then 

used to compare mammal usage of forested and open areas. As an additional measure of 

mammal activity, track frequencies were calculated for each species by site as the number 

of times a species was present divided by the number of days a site was surveyed (cf. 

Cameron 1997). Track frequencies give an indication of how often an individual or group 

of individuals was present in a site, while track abundances (track sets/100 m) indicate 

how intense the activity was in that particular site. 
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Results 

Vee;etation 

Mean vegetation cover and frequency data for each site in 1995 are presented in 

Tables 3 and 4. The frequencies of coniferous and hardwood trees display some 

consistency within the sites as indicated by the small standard deviations (Table 3). The 

post-harvesting analysis of T1-1C, T1-10 and Tl-20 based on tree stumps and residual 

vegetation (e.g., birch) yielded similar results (Table 3). In addition, conifer and 

hardwood frequencies are comparable among sites, with the exception of the hardwood 

frequency for Tl-1A which was only 0.84 (Table 3). See Appendix B for frequencies by 

species. 

The understory vegetation exhibited high variation within sites as indicated by the 

large standard deviations in most cases (Table 4). Lists of plant species and Braun

Blanquet cover classes for each site are provided in Appendix C. A hierarchical cluster 

analysis (Figure 9), based on both overstory and understory vegetation characteristics in 

1995, shows a grouping of the three harvested sites. Tl-lC, Tl-10 and Tl-2D, with Tl-

20 clustering closer to T1-1C. Sites Tl-18 and T1-3B cluster together as do Tl-lA and 

Tl-3A. The cluster of Tl-lA and T1-3A is separated from the harvested areas, Tl-18, 

Tl-38 and Tl-2A. This is reflected in the greater percentages of Sphagnum spp. and 

sedge cover found in these two sites (Table 4). Tl-28, having the greatest amount of 

feather moss cover and little other understory (Table 4), was the least similar to the other 
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Table 3: Mean conifer and hardwood frequencies (percentage± standard deviation) 
obtained from point quarter transects in 1994. Values for sites Tl-lC, Tl-10 
and Tl-20 are estimates based on tree stumps and trees remaining in the 
clear-cuts in 1995. 

Site No. of Conifer Hardwood 
Transects Frequency Frequency 

Tl-lA 7 97.5 ± 6.7 0.8 ± 2.2 

Tl-18 6 84.3 ± 11.6 l0.8 ± 12.6 

Tl-lC 6 100.0 ± 0.0 19.6 ± 4.8 

Tl-ID 6 92.2 ± 12.7 7.8±7.1 

Tl-2A 7 100.0 ± 0.0 6.7 ± 4.1 

Tl-28 7 97.5 ± 4.6 16.0 ± 7.4 

Tl-2D 6 94.1 ± 14.4 8.8 ± 7.2 

Tl-3A 7 90.8 ± 11.7 11.8 ± ll.8 

T1-3B 6 83.3 ± 5.8 14.7 ± 12.2 



Table 4: Mean understory vegetation coverage (percentage ± standard deviation) using the mid-points from Braun-Blanquet 
cover classes (p. 32). 

Site No. of Shrub Forb Grass Sedge Sphagnum Feather Moss Lichen 
Plots Cover Cover Cover Cover Cover Cover Cover 

T1-1A 24 32.4 ±29,8 21.8±24.9 3.1 ±8,6 21,5 ± 33.7 49.9 ±42.4 18.7 :i: 31.5 0 

Tl-lB 22 29. l :i: 37.5 20.2 :i: 25.4 4.5•10'2 ± o. 14 5.5 ± 13.9 28.0 ± 41.9 43 ,6 :i: 44.6 6.8•10'2 :i: 0,18 
T1-1C 25 7.4 ± 10.4 9.1 ± 14.3 0.64±3,1 3.2± 12.9 21.4 ± 36.4 27,3 :i: 37,8 0 
T1-10 24 22.3 :i: 27.3 16,2 :i: 25.3 7.0 ± 21.7 4.4 :i: 18,1 19.0 ± 36,3 37,0 :i: 43.4 0 
T1-2A 25 42.2 :i: 36.1 10.9 :i: 19.1 0 0,16 :i: 0.70 9.2 :i: 25.1 43,6 :i: 38.8 3.5 ± 17.6 

Tl-28 24 7,3 :i: 15,6 13,1±19,1 4.0•10'2 :i: 0,14 0,14±0.70 2,5 :i: 12,6 60,7 ± 45,6 0 

Tl-20 24 10,1 :i: 19.8 8,3 :i: 13,9 2.0•10'2 ±0.10 4.3 ± 17.7 3,7:i:l7,6 32.4 :i: 39,6 0 
TI-3A 25 27.0 :i: 28.2 15.3 ± 14.1 16.2 ± 31.4 22,8 ± 27.6 55.8 ±39.5 1.6 :i: 7,8 0 
Tl-38 25 27,9 ± 36,5 ) 1.4 ± 19,4 3,8 ± 18.0 1.6 ± 4.4 15,9 ± 31.5 31.6 ± 36,9 0 



Figure 9: Cluster diagram showing vegetation similarity between sires using the 
average linkage method of a hierarchical cluster analysis. 
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sites. 

Table 5 gives the Shannon-Wiener diversity indices and species richness values 

for the understory vegetation at each site. All sites had very similar diversities (range of 

1.0 to 1.2) with the exception ofT1-3Awhich had a much lower diversity (0.6). T1-3A 

and T1-3B had the highest species richness (50.6 and 51.5. respectively). T1-2D had the 

lowest species richness at 31.8. 

Small Mammals 

A total of 966 Sorex dnereus. 41 Microtus pennsylvanicus. and 10 Peromyscus 

maniculatus were captured over the summers of 1994 to 1996 inclusive (Table 6) with 

a total of20.581 trap-nights (TN). All small mammals were caught in Victor snap-traps. 

Sorex cinereus: 

The six sites within the Copper Lake watershed trapped in 1994 yielded a total of 

seventeen Sorex dnereus. Shrew captures ranged from 0.10 to 2.40 per 100 TN (Table 

6). A one sample t-test to compare shrew abundances among these sites revealed no 

significant differences (to.as. s = 2.05, p = 0.095) and •. therefore, no change in shrew 

abundance with an increase in the number of traps used. 

Sorex dnereus abundances in 1995 and 1996 were significantly higher than in 

1994 in all Copper Lake sites (including Tl-1C, T1-1D and T1-2D; F = 14.73. 

p <0.001). Captures per 100 TN ranged from 3.59 to 7.80 shrews in 1995 and from 2.24 
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Table 5: Understory plant species diversity and total species richness for the Copper Lake 
sites. 

Site Shannon-Weiner Jacknife Estimate of 
Diversity Index (Logt0) Species Richness 

Tl-IA 1.0 48.6 

Tl-IB 1.2 46.8 

Tl-2A 1.1 40.8 

Tl-2B 1.0 48.5 

T1-3A 0.6 50.6 

T1-3B 1.1 51.5 

T1-1C 1.1 39.7 

T1-1D 1.2 44.8 

Tl-20 1.0 31.8 



Table 6: Number of small mammal captures per 100 trapoights at sites both inside 
and outside of the Copper Lake watershed (actual catch in parentheses). 
SYRCO =five-year-old cutover. 

Site Year Soradlluau Micronu PuorrqsCIIS 
JH!IIIUYlwmiCIIS lfllllliCII/Qau 

Tl-1A 1994 2.40 (6) 0.00 (0) 0.00 (0) 
1995 6.47(64) 0. 10 (1) 0 .00 (0) 
1996 4.02(40) 0.10 (1) 0.00 (0) 

Tl-lB 1994 0.42 (1) 1.26 (3) 0.00 (0) 
1995 7.58(54) 0.14 (l) 0.00 (0) 
1996 8.54(76) 1.35(12) 0.11 (1) 

T1-1C 1995 6.37(63) 0.00 (0) 0.00 (0) 
1996 6.38(63) 0.30 (3) 0 .10 (1) 

T1-1D 1995 7.80(62) 0. 13 (1) 0.00 (0) 
1996 5.94(58) 0.41 (4) 0.00 (0) 

T1-2A 1994 0.21 (1) 0.00 (0) 0 .00 (0) 
1995 6.21(44) 0.14 (1) 0 .00 (0) 
1996* 4.44(43) 0.00 (0) 0 . 10 (1) 

T1-2B 1994 1.20 (6) 0.00 (0) 0.00 (0) 
1995 3.59(28) 0.00 (0) 0.00 (0} 
1996* 2.33(22) 0.11 (1) 0.21 (2) 

T1-2D 1995* 4.44(35) 0.00 (0) 0.00 (0) 
1996 10.49(102) 0.61 (6) 0 . 10(1) 

T1-3A 1994 0. 10 (1) 0.30 (3) 0.00 (0) 
1995 5.21(41) 0.25 (2) 0 .00 (0) 
1996 4.20(41) 0.20 (2) 0.00 (0) 

T1-3B 1994 0.20 (2) 0.00 (0) 0.00 (0) 
1995 6.53(50) 0.00 (0) 0 .00 (0) 
1996 2.24(21) 0.00 (0) 0 .00 (0) 

Fen 1994 2.02 (3) 0.00 (0) 0 .00 (0) 
1995 5.61(11) 0.00 (0) 0.00 (0) 
1996 2.81 (7) 0.00(0) 0.00 (0) 

SYRCO 1994 3.00 (3) 0.00 (0) 0 .00 (0) 
1995 8.51(16) 0.00 (0) 0 .53 (1) 
1996 0.82 (2) 0.00 (0) 1.23 (3) 

*indicates years in wbich a 20 m riparian buffer was etealed. 

41 



42 

to 10.49 shrews in 1996 (Table 6). When these data were analysed according to forest 

harvesting treatment received (i.e., uncut, clear-cut or clear-cut with 20 m buffer), I 

found no significant difference in shrew abundance with treatment type (F = 1.297, p 

= 0.309). 

For sites that had a forested buffer, T1-2A and T1-2B in 1996 and T1-2D in 1995 

and 1996, the shrew abundances were significantly higher within the buffer than on the 

adjacent clear-cuts Oo.os. 3 = 5.20, p = 0.014; Table 7). Catches in the buffers on T1-2A 

and T1-2B, in particular, were two to three times higher than on the clear-cuts. 

In the fen and 5YRCO site more shrews were captured in 1995 than in 1994 or 

in 1996. Captures per 100 TN ranged from 2.02 to 5.61 in the fen and 0.82 to 8.51 in 

the cutover (Table 6). 

Microtus pennsylvanicus: 

Microtus pennsylvanicus captures were low in all three summers and thus 

precluded most statistical analyses. However, there was an increase in the number of 

voles caught in 1996 compared with 1994 and 1995 (six voles in both 1994 and 1995 and 

29 voles in 1996; Table 6). In 1994, voles were captured in two of the six Copper Lake 

sites (T1-1B and Tl-3A) with capture rates of 0.30 to 1.26 voles per 100 TN (Table 6). 

In 1995, the same total number of voles was caught even with the addition of three extra 

sites (voles caught in T1-1A, Tl-18, Tl-2A, Tl-3A and T1-1D). Captures per 100 TN 

ranged from 0.10 to 0.25 voles (Table 6). In 1996, after forest harvesting had occurred, 
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Table 7: Abundance (catch per 100 trapnights~ TN) of Sorex d1lereus within and 
outside of the 20m stream and lake buffers on Tl-2A, T1-2B and T1-2D. 
The actual number caught is in parentheses. Note: abundances within the 
buffers were significantly higher than in the adjacent clearcuts (paired 
sample t-test, to.os. 3 = 5.20, p = 0.014). 

Site/Year Number/100 TN Number/100 TN 
- Within Buffer Outside Buffer 

Tl-2A 1996 6.99 (13) 3.84 (30) 

Tl-2B 1996 3.06 (17) 1.02 (4) 

Tl-20 1995 4.28 (17) 3.05 (18) 
1996 12.21 (48) 9.15 (54) 
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voles were caught in Tl-lA, Tl-18 and in Tl-28. Voles were also captured in the 

cutovers at Tl-lC and Tl-10, Tl-20 and in Tl-3A. Captures per 100 TN ranged from 

0.10 to 1.35 voles (fable 6). 

ThenwnberofM. pennsylvanicuscapturesincreasedon T1-1C, Tl-lDand T1-2D 

from the summers of 1995 to 1996 (Figure 10). In Tl-1C the catch per 100 TN went 

from 0 to 0.30 voles, 0.13 to 0.41 voles in Tl-10 and 0 to 0.61 voles in Tl-20 (Table 

6). With the exception of Tl-2A, the new clear-cuts/buffer sites showed an increase or 

no change in vole abundance (Figure 11, Table 6). There were too few vole captures on 

any of the 20 m buffer sites to determine if there were differences in abundance between 

buffers and clear-cuts. In Tl-3A and T1-38 there was little or no change in vole captures 

from 1995 to 1996: T1-3A- from 0.25 to 0.20 voles per 100 TN and Tl-38- no voles 

in either year (Table 6). No meadow voles were caught on either the fen or 5YRCO 

during the three summers of trapping. 

Peromyscus 1TUlniculatus: 

Peromyscus maniculatus was not captured in the Copper Lake area until 1996. The 

number of deer mice captures was very low in this year with six captures in total and 

catches per 100 TN ranging from 0.1 to 0.21 (fable 6). Deer mice were captured only 

on clear-cuts or 20 m buffer sites- two of the sites cut in 1994 (Tl-lC and T1-2D) and 

three of the sites cut in 1996 (fl-lB, Tl-2A and Tl-2B). As with the voles, too few deer 

mice were captured on the buffer sites to determine if there was any effect of a 20 m 



Figure 10: Microtus pennsylvanicus captures per 100 trapnights (TN) in l995 and 
1996 on Tl-lC, Tl-lD and Tl-20. 
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Figure 11: Microtus pennsylvanicus captures per 100 trapnights (TN) in 1994. 1995 
and 1996 on Tl-lA, Tl-18, Tl-2A and Tl-28. 
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buffer. Outside the study area. a total of four deer mice were caught on SYRCO - one 

in 1995 and three in 1996 (Table 6). None were captured on the fen. 

Habitat Associations 

Pearson correlation coefficients for vegetation variables and shrew and vole 

captures in 1995 are presented in Table 8. Only one significant correlation was found-

Microtus pennsylvanicus bad a significant, positive correlation with grass cover (p < 

0.05). Other correlations of meadow voles with vegetation approached significance; for 

example, there were high positive correlations with forb, sedge, Sphagnum and shrub 

cover. A stepwise, multiple regression of voles on vegetation variables showed similar 
- .... :--

results - a significant (p < 0.05) relationship between vole captures and grass cover. 

Sorex cinereus was not significantly correlated with any vegetation feature, although the 

correlation coefficients for shrub cover and Shannon-Wiener diversity approached 

significance. The stepwise. multiple regression also showed no significant relationships 

between shrews and vegetation features. 

Winter Track Data 

Although not consistently measured, limited snow depth data from Tl-lA and B 

indicate that snowfall in the Copper Lake area is typical of the Corner Brook area (Table 

1). Snowfalls were much greater in 1994 and 1995 than 1996 or 1997 (ranges of61- 150 

em, 84 - 145 em. 12 - 58 em and 20 - 80 em. respectively). 



Table 8: Pearson correlation coefficients for Sorex. dnereus and Microtus 
pennsylvanicus in 1995 with site vegetation characteristics . . 

Variable 

Trees/m2 

Tree Frequency 

Shrubs 

Forbs 

Grasses 

Sedges 

Sphagnum moss 

FeatbeLillosses 

Lichens 

Species Richness 

Shannon-Weiner 
Diversity 

*significant at a = 0.05 

Sora 
ciner~IIS 

-0.451 

-0.313 

0.508 

0.488 

0.047 

0.093 

0.283 

-0.246 

0.060 

0.178 

0.513 

MicrotiiS 
p~nnsylvardciiS 

-0.215 

0.261 

0.628 

0.616 

0.694* 

0.643 

0.661 

-0.473 

0.237 

0.340 

-0.405 

· ~ 

' 
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Grouped Species: 

Tracks of Martes americana, Milstela erminea, Mustela vison, Vulpes vulpes, 

T amiasdurus hudsonicus, Lepus americanus, So rex dnereus, Microtus pennsylvanicus and 

Peromyscus maniculatus were observed in the winters of 1994 to 1997 (Table 9). Of 

these species, only M. americana, M. erminea. V. vulpes. L. americanus and T. 

hudsonicus tracks were used for statistical analysis because they occurred most frequently 

over the four years. For a summary of track data on large mammals see Appendix D. 

A Kruskal-Wallis test on data pooled from these five species at all sites and years 

showed a significant difference in track counts with distance of transect from the stream 

(p < 0.001; Figure 12). Tracks occurred most frequently on the transect farthest from 

the stream (150m) and least frequently at the stream edge. There was a gradual increase 

in the number of tracks with distance from the stream. Observing grouped track data 

from 1997 (i.e., post-harvesting) by site shows more variable results. On both T1-1A and 

Tl-1B there were no tracks at the streamside and numbers increased with distance from 

the stream (Figure 13). T1-2A shows the most tracks within the 20 m stream buffer, 

while T1-2B shows a similar number of tracks throughout (Figure 13). Both T1-3A and 

T1-3B have fewer tracks at the stream edge, more in the interior, but fewer on the 150 

m transect (Figure 13). 

Pooled track data were also found to have significant differences by year and site 

(p < 0.001). Both 1994 and 1996 data showed more mammal tracks than 1995 and 1997 

(Table 10). Tl-lA had the fewest tracks, while Tl-3B had the most. 



50 

Table 9: The number of mammal winter tracks per 100 m of transect averaged for each 
site in the Copper Lake watershed.. 1994 to 1996 data are prior to forest 
harvesting, while 1997 data are post-harvest. Note: years in which there were 
no tracks for a particular species are omitted. 

I Species I Year I Tl-1A I TI-IB I Tl-2A I Tl-28 I TI-3A I n-38 1 
Sore:r. culenus 1996 0.03 0.14 O.Ql 0.08 0.29 0.00 

,l-[iaotus pennsylvanicus 1996 0.00 0.00 0.00 0.00 0.01 0.00 

Puomyscus maniculatus 1996 O.ot 0.19 O.Gl 0.02 0.00 0.00 

Tamiasciurus hudsonicus 1994 0.04 0.00 0.00 0.00 0.02 0.05 

1995 0.02 0.01 0.00 0.00 0.00 0.20 

1996 034 0.36 021 0.16 0.19 0.49 

1997 0.00 0.08 0.05 0.04 0.07 0.20 

Lepus ameril:anus 1994 0.00 0.00 0.43 034 0.43 1.48 

1995 0.01 0.20 02 1 0.09 0.12 0.26 

1996 0.07 O.Ql 0.08 O.Q3 0.18 0.15 

1997 021 034 0.69 0.17 0.10 0.07 

,\{artu americana 1994 0.30 056 0.43 038 038 0.13 

1995 0.15 0.11 0.18 0.14 0.10 024 

1996 0.10 O.ll 0.45 0.53 036 0.18 

1997 0.00 0.06 0.15 0.15 0.11 031 

J,fustefa uminea 1994 0.17 0.38 0.08 0.03 0.15 0.23 
, 

1.995 0.02 O.Ql 0.05 0 .00 0.00 0.00 

1996 0.03 0.09 0.04 0.03 0.19 0.14 

1997 O.ll 0.04 0.06 0.04 0.06 0.06 

,\lustela vison 1995 0.01 0.01 O.oi 0.14 0.02 0.08 

1997 0.00 0.00 0.03 0.05 0.04 0.00 

Vulpes,'Ulpes 1994 0.07 0.14 0.00 0.00 0.15 0.18 

1995 0.07 0.03 0.1 3 0.09 0.22 0.44 

1996 0.06 O.Ql 0.11 0.11 0.09 0.04 

1997 0.00 0.02 0.13 0.06 0.07 0.00 



Figure 12: The number of mammal winter track sets per 100m (group average for 
Manes americana, Mustela erminea, Vulpes vulpes, Lepus americanus and 
Tamiasciurus hudsonicus) with increasing distance from the stream edge. 
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Figure 13: The number of mammal winter track sets per 100m (group average for 
Manes americana. Mustela erminea. Vulpes vulpes, Lepus americanus and 
Tamiasciurus hudsonicus), by site in 1997, with increasing distance from 
the stream edge. 
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Table 10: Results of nonparametric multiple comparison tests showing the years with 
highest and lowest winter track counts for selected mammal species in the 
Copper Lake watershed. 

Years with Highest Track Y cars with· Lowest 
Species Co oats Track Counts 

(p < 0.05) (p < 0.05) 

Manes americana 1994, 1996 1997, 1995 

Mustela erminea 1994, 1996 1995 

Vulpes vulpes 1995 1997 

Lepus americanus 1994 1996 

Tamiasciurus hudsonicus 1996 1994, 1995, 1997 
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Due to the patchy nature of the sites, individual transects were distinguished either 

as being open. (i.e .• if they occurred on a clear-cut or fen) or as forested. There were 

significantly more mammal tracks (Kruskal-Wallis test, p < 0.01) on the . forested 

transects. Analysis by species showed that M. americana. L. americanus and T. 

hudsonicus tracks were significantly more frequent on forested transects (Kruskal:-Wallis 

test, p < 0.05) (Figure 14). There was no significant difference in V. vulpes or M. 

enninea activity on the open or forested transects. 

Individual Species - Small Mammalian Predators: 

Manes americana: 

Pine marten track abundance showed no significant differences among sites or by 

distance from the stream over the four years combined. However. there was a difference 

between years (Kruskal-Wallis test, p < 0.01) with 1994 and 1996 having significantly 

more tracks than 1995 or 1997 (Table 10). Examination of the track abundances on 

individual sites shows a decline in activity from 1994 through to 1997 for both Tl- lA 

and Tl-lB (Figures 15a and b), fluctuating abundances for Tl-2A, Tl-2B and Tl-3A 

(Figures l5c, d and e) and a steady increase in activity in Tl-38 (Figure 15t). For 1997 

post-harvest data there was a significant difference by site (Kruskal-Wallis test, p < 

0.01) . Tl-1A had significantly fewer tracks than Tl-3B. Multiple comparison procedures 

failed to detect any differences between other sites. 

Marten track frequencies (i.e., percent of total days surveyed that tracks were 



Figure 14: The average number of winter track sets of J'vfartes americana, Mustela 
enninea, Vulpes vulpes, Lepus americanus and Tamiasciurus hudsonicus 
per 100 m occurring on forested and non-forested (i.e., open) transects. 
Note: asterisk indicates significant differences (p < 0.05) in track 
abundances between forested and open transects. 
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Figure 15: a) Winter track abundance (tracks/100m) of Martes americana on Tl-IA 
from 1994 to 1997. 

b) Winter track abundance (tracks/100 m) of Martes americana on Tl-lB 
from 1994 to 1997. 

c) Winter track abundance (tracks/100m) of Martes americana on Tl-2A 
from 1994 to 1997. 

Note: values are means calculated from all transects and days surveyed for 
each site. 
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Figure 15: d) Winter track abundance (tracks/100m) of Martes americana on Tl-28 
from 1994 to 1997. 

e) Winter track abundance (tracks/100 m) of Manes americana on Tl-3A 
from 1994 to 1997. 

t) Winter track abundance (tracks/100m) of Manes americana on Tl-3B 
from 1994 to 1997. 

Note: values are means calculated from all transects and days surveyed for 
each site. 
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present) showed a decline from 1994 through to 1997 in both T1-1A and T1-1B (Figures 

16a and b). Track frequencies in both Tl-2A and Tl-28 were variable by year (Figures 

16c and d), while in Tl-3A the frequency was constant and in Tl-38 there was an 

increase from 1994 to 1996 (Figures 16e and f, respectively). In the case of Tl-2A and 

Tl-28 in 1997, all of the manen track sets observed, except one, were recorded either 

within the stream buffers or the buffer left on the lakeside (Table 11). 

Mustela erminea: 

Weasel track data pooled from all years showed no significant difference by site 

or with distance from the stream. This was also the case with the 1997 post-harvest data 

when tested alone. There were significant differences by year (Kruskal-Wallis test, p < 

0.001) with 1994 and 1996 having significantly more tracks than 1995 (Table 10). Both 

1994 and 1996 had more tracks than 1997 but the difference was not significant. On 

examination of individual sites it can be seen that in most instances weasel tracks were 

not abundant (Figures 17a - t). In particular, there were no tracks observed on either Tl-

28, Tl-3A or T1-38 in 1995. All of the weasel tracks on Tl-2A and Tl-28 in 1997 

occurred within the stream and lakeside buffers (Table 11). Weasel track frequencies were 

highly variable within sites from 1994 to 1997, with the highest frequencies occurring in 

1994 (Figures 18a- t). 



Figure 16: a) \Vinter track frequency (total tracks recorded/number of days 
surveyed) of Martes americana on Tl-lA from 1994 to 1997. 

b) Winter track frequency (total tracks recorded/number of days 
surveyed) of Martes americana on T1-1B from 1994 to 1997. 

c) Winter track frequency (total tracks recorded/number of days 
surveyed) of Martes americana on Tl-2A from 1994 to 1997. 

Note: values are means calculated from all transects surveyed on each site. 
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Figure 16: d) Winter track frequency (total tracks recorded/number of days 
surveyed) of Martes americana on Tl-2B from 1994 to 1997. 

e) Winter track frequency (total tracks recorded/number of days 
surveyed) of Martes americana on Tl-3A from 1994 to 1997. 

f) Winter track frequency (total tracks recorded/number of days 
surveyed) of Martes americana on T1-3B from 1994 to 1997. 

Note: values are means calculated from all transects surveyed on each site. 
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Table 11: Winter track data for 1997 showing the percentage of tracks occurring 
inside and outside the stream and lake buffers on T1-2A and T1-28 (actual 
number of tracks in parentheses). Note: T1-2A and T1-2B were the only 
buffer sites surveyed for winter tracks. 

Tl-2A Tl-28 

Species Inside Outside Inside Outside 
Buffer Buffer Buffer Buffer 

Martes americana 100 (11) 0 (0) 89 (8) 11 (1) 

Mustela enninea 100 (5) 0 (0) 100 (3) 0 (0) 

Mustela vison 100 (3) 0 (0) 80 (4) 20 (1) 

Vulpes vulpes 100 (8) 0 (0) 0 (0) 100 (1) 

Lepus americanus 100 (58) 0 (0) 100 (9) 0 (0) 

Tamiasciurus 100 (4) 0 (0) 100 (3) 0 (0) 
hudsonicus 



Figure 17: a) Winter track abundance (tracks/100m) of Mustela enninea on Tl-1A 
from 1994 to 1997. 

b) Winter track abundance (tracks/100 m) of Mustela emliflea on Tl-18 
from 1994 to 1997. 

c) Winter track abundance (tracks/100 m) of Mustela erminea on T1-2A 
from 1994 to 1997. 

Note: values are means calculated from all transects and days surveyed for 
each site. 
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Figure 17: d) Wimer track abundance (rracks/100 m) of Mustela enninea on Tl-2B 
from 1994 to 1997. 

e) Wimer track abundance (tracks/100 m) of Mustela emzinea on T1-3A 
from 1994 to 1997. 

f) Wimer track abundance (tracks/100m) of Mustela enninea on Tl-3B 
from 1994 to 1997. 

Note: values are means calculated from all transects and days surveyed for 
each site. 
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Figure 18: a) Winter track frequency (total tracks recorded/number of days 
surveyed) of Mustela enninea on Tl-lA from 1994 to 1997. 

b) Winter track frequency (total tracks recorded/number of days 
surveyed) of Mustela enninea on Tl-18 from 1994 to 1997. 

c) Winter track frequency (total tracks recorded/number of days 
surveyed) of Mustela enninea on Tl-2A from 1994 to 1997. 

Note: values are means calculated from all transects surveyed on each site. 
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Figure 18: d) Winter track frequency (total tracks recorded/number of days 
surveyed) of Mustela enninea on T1-2B from 1994 to 1997. 

e) Winter track frequency (total tracks recorded/number of days 
surveyed) of Mustela enninea on Tl-3A from 1994 to 1997. 

f) Winter track frequency (total tracks recorded/number of days 
surveyed) of Mustela enninea on Tl-3B from 1994 to 1997. 

Note: values are means calculated from all transects surveyed on each site. 
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Vulpes vulpes: 

Red fox tracks were generally not abundant in any year or site (Figures 19a -f). 

however, the data showed a significant difference by site over all years (Kruskal-Wallis 

test, p < 0.05). Tl-3A had the most tracks while Tl-IB had the fewest. There were also 

significant differences by year (Kruskal-Wallis test, p < 0.01) with the 1995 data 

showing significantly more tracks than 1997 (Table 10). No other significant differences 

were detected among years. The 1997 post-harvest data showed significant differences by 

site (Kruskal-Wallis test, p < 0.01). The clear-cuts at T1-1A and 8 had the least amount 

of activity while Tl-2A had the most. On T1-2A in 1997, all of the tracks occurred 

within the buffers, while on T1-28, the one set of tracks observed was on the clear-cut 

(Table 11). On the least disturbed site, T1-38, there were no red fox tracks in this year 

(Figure 19t). Red fox track frequencies were variable from site to site and year to year 

(Figures 20a -f). 

Mustela vison: 

Although mink tracks were too infrequent for statistical analysis, having been 

recorded only in 1995 and 1997, they were considered, because the mink is a riparian 

species. Mink tracks were observed on all sites in 1995 and 14 of the 17 sets of tracks 

occurred within 20m of the stream edges. In 1997, mink tracks were only found on T1-

2A, Tl-2B and T1-3A. Of the eight sets of tracks occurring on Tl-2A and Tl-2B, only 

one set was outside of the stream and lakeside buffers (Table 11). 



Figure L9: a) Winter track abundance (tracks/100m) of Vulpes vulpes on T1-1A 
from 1994 to 1997. 

b) Winter track abundance {tracks/100m) of Vulpes vulpes on Tl-1B 
from 1994 to 1997. 

c) Winter track abundance (tracks/100m) of Vulpes vulpes on Tl-2A 
from 1994 to 1997. 

Note: values are means calculated from all transects and days surveyed for 
each site. 
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Figure 19: d) Wmter track abundance {tracks/100m) of Vulpes vulpes ori Tl-2B 
from 1994 to 1997. 

e) \Vinter track abundance (tracks/100m) of Vulpes vulpes on T1-3A 
from l994 to 1997. 

f) Winter track abundance (tracks/100m) of Vulpes vulpes on Tl-38 
from 1994 to 1997. 

Note: values are means calculated from all transects and days surveyed for 
each site. 
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Figure 20: a) Wimer track frequency (total tracks recorded/number of days 
surveyed) of Vulpes vulpes on Tl-lA from 1994 to 1997. 

b) Winter track frequency (total tracks recorded/number of days 
surveyed) of Vulpes vulpes on Tl-lB from 1994 to 1997. 

c) Winter track frequency (total tracks recorded/number of days 
surveyed) of Vulpes vulpes on Tl-2A from 1994 to 1997. 

Note: values are means calculated from all transects surveyed on each site. 
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Figure 20: d) Winter track frequency (toral tracks recorded/number of days 
surveyed) of Vulpes vulpes on Tl-2B from 1994 to 1997. 

e) Winter track frequency (total tracks recorded/number of days 
surveyed) of Vulpes vulpes on T1-3A from 1994 to 1997. 

f) Winter track frequency (total tracks recorded/number of days 
surveyed) of Vulpes vulpes on Tl-38 from 1994 to 1997. 

Note: values are means calculated from all transects surveyed on each site. 
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Individual Species - Small Mammalian Prey: 

Lepus americanus: 

Snowshoe hare track data pooled from 1994 to 1997 showed no significant 

difference in abundance with distance from the stream. but the difference among sites was 

significant (Kruskal-Wallis test, p < 0.001). Tl-1A and 8 had significantly fewer tracks 

than T1-3B. There were also significant differences by year (Kruskal-Wallis test. p < 

0.01). 1994 and 1997 showed significantly more tracks than 1995 and 1996 (fable 10). 

Track abundances were variable within each site from 1994 to 1997 (Figures 2la - f) with 

the greatest range in abundance in Tl-38 (dropping from 1.48 tracks/100m in 1994 to 

0. 07 tracks! I 00 m in 1997) (Figure 21 f). The 1997 data showed no significant differences 

in hare activity on the clear-cuts, buffer sites or the uncut sites. However, on Tl-2A and 

Tl-28, all of the tracks were recorded within the stream and lake buffers and not on the 

cut-overs (Table 11). Snowshoe hare track frequency was highly variable (Figures 22a-

f), but did show an increase overtime in both Tl-1Aand Tl-2A (Figures 22aand c) and 

a decrease in Tl-38 (Figure 22f). 

Tamiasdurus hudsonicus: 

Red squirrel track abundance showed no difference by site or with distance from 

the stream for data combined over the four winters. However, there were significant 

differences by year (Kruska.l-Wallis test, p < 0.0001). 1996 had significantly more 

activity than all other years (Table 10). No squirrel tracks occurred on Tl-18, Tl-2A or 



Figure 21: a) Winter track abundance (tracks/100m) of Lepus americanus on Tl-1A 
from 1994 to 1997. 

b) Winter track abundance (tracks/100m) of Lepus americanus on Tl-18 
from 1994 to 1997. · 

c) Winter track abundance (tracks/100m) of Lepus americanus on Tl-2A 
from 1994 to 1997. 

Note: values are means calculated from all transects and days surveyed for 
each site. 
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Figure 21: d) Winter track abundance {tracks/100m) of Lepus americanus on T1-2B 
from 1994 to 1997. 

e) Winter track abundance (tracks/100 m) of Lepus americanus on T1-3A 
from 1994 to 1997. 

f) Winter track abundance (tracks/100m) of Lepus americanus on T1-3B 
from 1994 to 1997. 

Note: Values are -means calculated from all ttansects and days surveyed for 
each site. 
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Figure 22: a) \Vinter track frequency (total tracks recorded/number of days 
surveyed) of Lepus americanus on Tl-lA from 1994 to 1997. 

b) Winter track frequency (total tracks recorded/number of days 
surveyed) of Lepus americanus on Tl-1 B from 1994 to 1997. 

c) Winter track frequency (total tracks recorded/number of days 
surveyed) of Lepus americanus on T1-2A from 1994 to 1997. 

Note: values are means calculated from all transects surveyed on each site. 
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Figure 22: d) Winter track frequency (total tracks recorded/number of days 
surveyed) of Lepus americanus on Tl-28 from 1994 to 1997. 

e) Winter track frequency (total tracks recorded/number of days 
surveyed) of Lepus americanus on T1-3A from 1994 to 1997. 

t) Winter track frequency (total tracks recorded/number of days 
surveyed) of Lepus americanus on Tl-38 from 1994 to 1997. 

Note: values are means calculated from all transects surveyed on each site. 
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Tl-3A in 1994, and tracks occurred only on Tl-3B in 1995 (Figures 23a- t). Tl-38 was 

the only site to have tracks present in all years (Figure 23t). The 1997 post-harvest data 

showed no significant relationships when analysed separately. On Tl-2A and T1-28, all 

of the tracks occurred within the stream and lakeside buffers (Table 11). Squirrel track 

frequency was variable in each site from 1994 to 1997 (Figures 24a- t), with Tl-38 

having the highest frequencies (Figure 24f). 

Other Small Mammals: 

Microtus pennsylvanicus, Peromyscus maniculatus and Sorex cinereus tracks only 

occurred on the transects in 1996, prior to forest harvesting. A single set of vole tracks 

occurred near the streamside on T1-3A, while deer mice tracks were recorded on all sites 

except Tl-3A and B. Shrew tracks occurred on every site except for T1-38. 



Figure 23: a) Winter track abundance (tracks/tOO m) of Tamiasdurus hudsonicus on 
Tl-IA from 1994 to 1997. 

b) Winter track abundance (tracks/100m) of Tamiasciurus hudsonicus on 
Tl-IB from 1994 to 1997. 

c) Winter track abundance (tracks/100m) of Tamiasciurus hudsonicus on 
Tl-2A from 1994 to 1997. 

Note: values are means calculated from all transects and days surveyed for 
each site. 
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Figure 23: d) \Vinter track abundance (tracks/100m) of Tamiasdurus hudsonicus on 
Tl-28 from 1994 to 1997. 

e) Winter track abundance {tracks/100m) of Tamiasciurus hudsonicus on 
Tl-3A from 1994 to 1997. 

f) Winter track abundance (tracks/100 m) of Tamiasciurus hudso11icus on 
Tl-3B from 1994 to 1997. 

Note: values are means calculated from all transects and days surveyed for 
each site. 
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Figure 24: a) \Vinter track frequency (total tracks recorded/number of days 
surveyed) of Tamiasdurus hudsonicus on Tl-1A from 1994 to 1997. 

b) Winter track frequency (total tracks recorded/number of days 
surveyed) of Tamiasdurus hudsonicus on Tl-18 from 1994 to 1997. 

c) Winter track frequency (total tracks recorded/number of days 
surveyed) of Tamiasdurus hudsonicus on T1-2A from 1994 to 1997. 

Note: values are means calculated from all transects surveyed on each site. 
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Figure 24: d) Winter track frequency (total tracks recorded/number of days 
surveyed) of Tamiasciurus hudsonicus on Tl-2B from 1994 to 1997. 

e) \Vinter track frequency (total tracks recorded/number of days 
surveyed) of Tamiasciurus hudsonicus on Tl-3A from 1994 to 1997. 

f) Winter track frequency (total tracks recorded/number of days 
surveyed) of Tamiasciurus hudsonicus on Tl-38 from 1994 to 1997. 

Note: values are means calculated from all transects surveyed on each site. 
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Discussion 

YeWfttion 

In terrestrial ecosystems, the composition of plant communities is influenced by 

physical factors such as elevation, slope, aspect, soil texture and soil chemistry (White 

and Harrod 1997). Disturbance can also interact with the physical environment to produce 

heterogeneity in the landscape (White and Harrod 1997). The composition of riparian 

plant communities is affected by both fluvial (e.g., flooding) and nonfluvial disturbances 

(e.g., fire, wind, insect outbreaks) (Gregory et al. 1991). In addition, valley floors vary 

greatly in soil properties and topography (Gregory et al. 1991) which can result in 

considerable differences in riparian vegetation both within and among sites (Bendix 

1994). 

Results from the Copper Lake sites show that overstory vegetation was similar 

within and among sites, prior to harvesting (Table 3, Appendix B). Most of the variation 

in vegetation composition in these sites was observed in the understory (fable 4) and 

resulted from the interspersion of forest and fen habitats. Low species diversities 

combined with high species richness in these sites (fable 5), particularly in T1-3B, 

indicate that many plant species present were rare. 

The cluster analysis of the Copper Lake sites by 1995 vegetation characteristics 

(Figure 11) not only reflects similarities and differences in vegetation types and covers 

among the sites, it also indirectly reveals similarities and differences in site topography. 
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For example, the cut-over areas (Tl-lC, Tl-lD and Tl-2D) as a group were most similar 

to Tl-lB, Tl-3B and Tl-2A. Although this was based on vegetation similarity, each of 

these sites had a greater slope than Tl-lA, Tl-3A or Tl-28. Tl-lC, Tl-lD and Tl-2D 

were steep at the stream edge, while Tl-18, Tl-38 and Tl-2A bad greater slopes 150m 

from the stream. T1-1A, Tl-3A and Tl-28 were flatter and generally wetter. Thus, the 

vegetation is reflective of the physical conditions present in each site. 

Small Mammals 

Many North American small mammal species can successfully exploit clear-cut 

areas because such species have evolved in an environment characterized by periodic 

ecosystem disturbances, both shon-tenn (e.g., fire, windstorms. floods) and long-term 

(e.g., effects of the Pleistocene glaciation) (Kirkland 1990). 

Factors such as the time and method of sampling (Clough 1987), forest type, 

variation between sites (Kirkland 1990) and the nature of forest manipulation (Clough 

1987) can influence small mammal populations. This may account for the wide variation 

of reported results on the impacts of forest harvesting practices on small mammals 

(Clough 1987). In addition, small mammal populations themselves exhibit density

dependent fluctuations, varying reproductive potential and behavioural interactions 

(Clough 1987). 

The results from this study show that small mammal abundance in the Copper 

Lake area from the summers of 1994 to 1996 was low, with Sorex cinereus being the 
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most abundant species. Captures per 100 trapnights, ranging from 0.10 to 10.49 for 

shrews, 0.10 to 1.35 for Microtus pennsylvanicus and O.lO to 0.21 for Peromyscus 

maniculatus, are similar to those reported from previous studies in insular Newfoundland. 

Folinsbee et al. (1973) recorded a mean abundance of 1.76 meadow voles per 100 

trapnights from various Locations on the island (Northern Peninsula, central, southwest 

coast and Avalon Peninsula). Bateman (1986) captured voles and shrews in a variety of 

coniferous habitats and in open and deciduous habitats in western Newfoundland during 

the late summer to fall of 1980 and 1981. Abundances ranged from 0.5 to 1.4 voles and 

0.3 to 4.5 shrews per 100 trapnights. Tucker (1988) noted a sharp decrease in vole 

numbers in western Newfoundland from 1986 to 1987. The catch per 100 trapnights went 

from 1.61 in 1986 to 0.017 in 1987. Shrew captures were reported as mean densities 

ranging from 15.7 to 51.3 shrews per hectare. Also in western Newfoundland, Thompson 

and Curran (1995) reported ranges of 0.01 to 0.54 voles, 0.01 to 0.18 shrews and 0.02 

to 0.22 deer mice per 100 trapnights from 1990 to 1993, while Sturtevant (1996) obtained 

vole abundances ranging from 0.04 to 3.06 from 1993 to 1994 and noted that the 

abundance was higher in 1993. 

Sorex dnereus: 

Shrews were ubiquitous across all sites and increased in abundance from 1994 to 

1995 with numbers remaining stable in 1996. Shrew numbers were very low throughout 

the trapping sessions in 1994. A smaller effort on the first sites trapped, Tl-lA and Tl-
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lB, was initially considered a possible reason for the small number of shrews captured, 

yet when more traps were obtained and trapping effort was increased on sites Tl-2A, Tl-

2B, Tl-3Aand Tl-3B there were no corresponding increases in shrew captures. The few 

captures of shrews on the fen and 5YRCO site near Comer Brook Lake in 1994 reinforce 

the idea that shrew populations were low during this period. 

In 1995, with a trapping effort on aU Copper Lake sites equal to that used on T1-

3A and B in 1994 (200 traps per night), the relative abundance (number per 100 trap

nights) of shrews on each site was significantly greater than in 1994. Shrews were 

captured on every site and similar numbers of shrews were captured on the newly cut

over sites, Tl-1C, Tl-10 and Tl-20. Because these sites were adjacent to Tl-lA, T1-18 

and T1-2B and had similar types of understory vegetation remaining, the results are 

comparable with the aforementioned sites. This shows that there was little effect of 

clear-cutting on shrews in Tl-lC. Tl-ID and Tl-2D. 

There were no significant differences in shrew captures per 100 trap nights between 

1995 and 1996, or among sites, even on T1-1A, T1-18, Tl-2A and Tl-28 where 

trapping occurred immediately after these sites were harvested in 1996. It is possible that 

new individuals could have immigrated to these sites with the removal of residents by 

snap-trapping (Sekgororoane and Dilworth 1995), yet most of these sites were bounded 

by roads or water, leaving few adjacent areas from which new individuals could move. 

It is also possible that not enough time had passed between the harvesting and trapping 

periods in 1996 for any effects of clear-cutting to be detected. 
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The immediate effects of harvesting on shrew abundance in the Copper Lake area 

apparently were minimal. However, while shrew abundances were significantly higher 

in the buffers on T1-2A, Tl-28 and T1-2D than in the adjacent clear-cuts, no significant 

changes in shrew abundance occurred on these sites from 1995 to 1996. Since the buffer 

area of these trapping grids was much smaller (20 x 150m) than the clear-cut area (130 

x 150 m), results are suggestive of a. crowding of shrews into the buffers. In addition, 

trapping data collected from the Copper Lake sites in the summer of 1997 (Baggs, 

unpublished data) showed that shrew abundance was lower on the cut-over sites (except 

on T1-2B) in 1997 than it had been in 1995 or 1996, while the abundance on Tl-3A and 

Tl-38 remained stable. 

Tucker (1988) found similar results in western Newfoundland. He found no 

difference in shrew abundance before or immediately after clear-cutting. However, he did 

find greatest shrew abundance in older clear-cuts (13 and 23 years post-harvest). Martell 

(1983) found a similar result in Ontario- there was little difference in numbers of masked 

shrews in uncut and cut stands up to 13 years old. Kirkland (1977) found that shrew 

numbers increased after clear-cutting of both coniferous and deciduous forests, but that 

after six to 15 years, post-harvest numbers declined. In spruce plantations in New 

Brunswick, Parker (1989) found that soricid numbers declined with an increase in 

plantation age. 

Clough (1987) stated that clear-cutting probably affects small mammal populations 

mainly through its alteration of shrub and ground vegetation rather than through removal 
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of the tree canopy. Harvesting of the Copper Lake sites was patchy, with clumps of 

vegetation and slash left behind and small strips of forest remaining (Figures 5d - f. 6b 

and 6d-f). It was in these clumps of vegetation that the shrew captures were more 

frequent. Thus, there was adequate cover remaining on the cut-overs for the shrews. 

The presence of shrews on every site each summer, despite some differences in 

vegetation among sites (Figure 9), shows that the shrews had no particular habitat 

preference. This is further supported by the lack of correlation between shrew abundance 

and vegetation type. Getz (1961) found shrews in abundance in a variety of habitats: 

areas lacking cover, in forested areas. grassy areas and various intermediate types. He 

cited moisture as the more important factor affecting shrew distribution and that the major 

role of cover for shrews is its influence on humidity. Bateman (1986) captured shrews 

in different habitat types but more often in coniferous forests with high canopy density 

than in open areas and stated this may have been due to increased moisture levels in the 

forest. In the present study. shrews, although ubiquitous, were rarely captured on stations 

in areas inundated with water (i.e., portions of the floodplain). 

Microtus pennsylvanicus: 

Meadow vole captures were rare over all three summers. although there were 

more captures in 1996. Voles were most likely at a population low, at least from 1994 

to 1995. Similar low captures of voles in western Newfoundland were reponed by 

Thompson and Curran (1995) for 1990 to 1993 and by Sturtevant (1996) for 1994. There 
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was a slight increase in vole abundance on Tl-lC, Tl-ID and T1-2D from 1995 to 1996 

and an increase or no change in abundance on Tl-IA, Tl-18 and T1-28 immediately 

after harvesting. Further trapping studies in these areas in 1997 (Baggs, unpublished data) 

suggested that the vole populations were still increasing; for example, the cut-over sites 

had more vole captures in 1997 than in 1995 or 1996. While vole populations may have 

been experiencing a natural population increase, the fact that most of these increases 

occurred after clear-cutting may indicate an initial positive effect of harvesting. 

No effect of a buffer zone could be detected as too few voles were captured on 

the buffer sites (none on T1-2A in 1996, one on T1-28 in 1996, none in 1995 and six 

in 1996 on T1-2D). Yet, of the six voles captured on Tl-2D in 1996, five were caught 

on the clear-cut. 

There were no voles caught on the 5YRCO site near Comer Brook Lake during 

this study. This area may not have previously supported a vole population, but it is also 

possible that the successional changes which occurred since harvesting created an 

unsuitable habitat for voles. Additional trapping studies in this area in 1997 resulted in 

the capture of one vole (Baggs, unpublished data). 

Tucker's (1988) study of the Grand Lake - Little Grand Lake regions of western 

Newfoundland showed Low numbers of voles. He stated, however, that in the fall of 

1986, three weeks after cutting, average numbers of voles captured were almost twice as 

high in the cut as in the uncut areas. In contrast, Thompson and Curran (1995) captured 

voles only in the uncut forest, and Sturtevant (1996) captured significantly more voles in · 
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over-mature locations than all other forest age classes. 

Studies elsewhere al5o show varying results. Kirkland (1977) found that microtine 

abundance increased after the clear-cutting of northern Appalachian coniferous and 

deciduous forests, but that the numbers declined six to 15 years post-harvest. This may 

have been a result of the initial increase in herbaceous vegetation after clear-cutting and 

its subsequent loss as succession proceeded to the sapling-young pole stage (Kirkland 

1977). In Ontario, Martell and Radvanyi (1977) captured voles only on clear-cuts that 

were at least one year old and stated that voles will possibly appear on clear-cuts once 

sufficient cover has been established. 

[found that vole numbers were significantly correlated with the amount of grass 

cover present. This was most noticeable in site Tl-18 which had the highest vole 

captures. The voles on this site were usually captured in the same part of the grid- an 

area that was a mixture of open woods and wet, grassy grounds. This was also the case 

with captures on the other sites as voles were typically recovered from the same stations 

each year. These results are consistent with findings from other studies that the meadow 

vole is normally associated with herbaceous habitats (Kirkland 1977, Kirkland and 

Schmidt 1982) and is more abundant on clear-cuts where favourable patches of wet, 

grassy habitat are created (Ramirez and Homocker 1981, Swan et al. 1984, Probst and 

Rakstad 1987). In direct contrast to these findings, I captured no voles in either year on 

T1-3B, which had a high percentage of grassy, fen habitat or on the fen site near Corner 

Brook Lake. The environme~tal conditions at Tl-38 may explain the lack of vole 



89 

captures in an area that would otherwise seem an ideal habitat. This site remained in the 

shadow of the surrounding mountains for the most part of the day and was cooler than 

the other Copper Lake sites. It was also the last site to lose snow cover in the spring. 

Peromyscus maniculatus: 

Deer mice are widely distributed in North America but are a recent introduction 

to insular Newfoundland, with the first specimen captured on the southwest coast in 1968 

(Gould and Pruitt 1969). They mainly inhabit woodlands and brushlands, with grains, 

seeds, fruits and insects making up most of their diet (Baker 1968). In western 

Newfoundland, Tucker et al. (1988) captured 44 deer mice with most occurring on well:

drained forest sites, several taken from a 13 year-old regenerating cut-over and single 

specimens from a grassy habitat and forest edge/alder bed. 

The abundance of deer mice was extremely low in the Copper Lake area during 

this study, with specimens captured only in 1996 on sites harvested immediately before 

trapping or on sites harvested the previous year. They were caught in small numbers on 

the 5YRCO site in both 1995 and 1996. These results agree with findings of other 

researchers in western Newfoundland (e.g., Bateman 1986. Tucker 1988, Thompson and 

Curran 1995) that deer mice are rare on the island. Peromyscus spp. populations in 

general do not reach very high densities and tend to have more stable annual population 

levels than other species of small rodents (Terman 1968, Batzli 1992). 

Further trapping studies in the Copper Lake sites, fen and SYRCO site in 1997 
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showed that deer mice populations were still at the saine levels, while showing slight 

increases in some sites (Baggs, unpublished data). No deer mice have been captured on 

the uncut sites, T1-3A and T1-3B, to date. There were too few deer mice captured on 

T1-2D in 1995 and 1996 and on Tl-2A and T1-2B in 1996 to determine any effect of a 

buffer zone. The few mice captured on these sites were generally taken from slash rows 

left on the plot edges. The lack of deer mice captures on uncut sites with the slight 

increases on the clear-cut sites may indicate an initial positive effect of harvesting. 

In North American coniferous forests, deer mice are found to increase after 

harvesting (Martell 1983, Kirkland 1990) and they are frequently the first species to 

colonize recently disturbed areas (Wywialowski 1981}. Manell (1983) stated that in 

coniferous forests, where deer mice are a rare or uncommon component of the small 

mammal community, timber harvest changes the environment to one that is more suitable 

for deer mice than in the uncut forest. Deer mice invade clear-cuttings in those conifer 

stands and increase in number. This may be related to the size and density of the seed 

crop brought to the ground during clear-cutting (Kirkland 1990). 

Winter Tracks 

The method of track counting as an index to animal abundance has been used in 

many studies (e.g., Conroy et al. 1979, Monthey 1986, Milton and Towers 1989, 

Thompson et al. 1989, Cameron 1997)~ Smith (1990) stated that with this type of 

estimation all data are relative and must be compared with data from other areas or times. 



91 

Although they do not provide absolute numbers, such. data can indicate trends of 

populations from year to year and habitat to habitat (Smith 1990). For snowshoe hare in 

Maine, Monthey (1986) made the assumption that occurrence of tracks in the winter 

indicated the extent of activity in and preference for harvested or undisturbed forests and 

the respective cover types. Thompson et al. (1989) found that track counts for marten, 

snowshoe hare and red squirrels were correlated with live-trapping data suggesting that 

track counts correctly described population changes for these species. 

An abundance or lack of animal tracks in a panicular area may not necessarily 

reflect habitat quality. Van Horne (1983) stated that there may be yearly variation in 

population numbers that reflects variability in food items, predator populations or abiotic 

environmental factors. Thus, densities may reflect conditions in the recent past or 

temporary present, rather than long-term habitat quality. This could result in variability 

in the occurrence of winter tracks. For example, the severity of the winter. including 

snow depths and hardness, will affect the number and kinds of animal tracks seen. It is 

also important to consider the behaviours of each mammal species, e.g., territoriality. 

subniveal activity and reduced winter activity because these will affect the number of 

tracks observed. It is acknowledged that track groups observed on the winter transects 

may represent the activity of an individual or several animals and therefore the results can 

only be used as an index. 

Pooled winter track data for the_ most commonly observed mammal species (pine 

marten, weasel, red fox, red squirrel and snowshoe bare) on the Copper Lake transects 
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showed that most activity occurred away from the stream edge towards the interior of the 

forest. The lowest amount of mammal activity occurred at the stream edge. This was also 

the case for the 1997 data when looking at all sites combined, but does not reflect what 

occurred on the individual sites after forest harvesting had occurred in 1996. 

The grouped activity on Tl-3A and Tl-38 was greater away from the streamside 

except for the transects farthest from the streams. On Tl-3A this may be due in part to 

the fact that the northernmost transect was fairly close to the Copper Lake logging road 

(Figure 1), so that disturbance could be playing a role here. On Tl-3B, the transect 

fanhest away from the stream was on a very steep incline and not likely to have much 

animal activity. The stream edges of these sites were mostly fens and did not provide 

much cover in the winter months. 

For Tl-2A and Tl-28, different results can be explained by considering how these 

sites were harvested. On Tl-2A the greatest number of tracks occurred within the riparian 

buffer and decreased with distance from the stream. Apan from the stream and lake 

buffers left on Tl-2A, little cover remained. There was, however, little difference in 

track counts among the four transects on T1-2B. This could be the result of this site 

having 20 m buffer zones left on the stream edge, lakeshore and on the back edge of the 

plot (buffer zone on the lower section ofT1-3). Most tracks found on Tl-28 were within 

a buffer. 

On Tl-lA and Tl-18, some mammal tracks were observed in clearcuts, however, 

none were observed on streamside transects. These transects had the least amount of 
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residual cover due mainly to skidder damage (Figure 5d). The large number of tracks 

found on the fourth and fifth transects of T1-1B reflects the patchy harvesting that 

resulted in much residual cover on these transects. 

Because of the patchiness of these cuts and the presence of fens in some sites? the 

winter track transects were grouped as either open (very little cover) or forested. As a 

group, the pine marten? weasel, red fox, snowshoe hare and red squirrel showed 

significantly more activity on the forested transects than on the open ones. Pine marten, 

red squirrel and snowshoe hare showed a particular preference for cover. Milton and 

Towers (1989) had similar findings on their winter track transects in the St. Mary's River 

area of Nova Scotia. The total wildlife use was higher in uncut than cut areas. 

Small Mammalian Predator Species: 

Martes americana: 

The preference of pine marten for forested areas is not an unexpected result. The 

pine marten is known to prefer old-growth forest habitat, particularly coniferous forests 

(Soutiere 1979, Steventon and Major 1982, Taylor and Abrey 1982, Spencer et al. 1983, 

Thompson 1988, Thompson et al. 1989, Forsey et al. 1995, Sturtevant et al. 1996). 

Marten are also known to avoid clear-cut and open areas, especially in winter (Soutiere 

1979, Steventonand Major 1982, Spencer eta!. 1983). In insular Newfoundland, marten 

have an even closer tie to old-growth forests than in other parts of Nonh America as a 

result of the limited prey base on the island (Bissonette et al. 1997). 
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In the Copper Lake area .. winter habitat usage by pine marten declined on sites 

Tl-1A and Tl-lB from 1994 to 1997, although harvesting of these areas had not occurred 

until the summer of 1996. This may be related to the progressive amount of disturbance 

occurring at these sites during this time. Manen activity was greatest in 1994 before road 

access to these sites was available. Roads fragment habitat connectivity by acting as 

barriers for many species and may be the most destructive aspect of habitat fragmentation 

(Noss 1993). By 1995, the logging road had passed near Tl-lA and through the plot on 

Tl-18 (Figure 1). Also by this time the adjacent areas, Tl-1C and Tl-1D had been 

clear-cut, increasing the amount of disturbance in the general area of TI-l. 

Corresponding to the increase in disturbance, there was a decline in manen activity in this 

year (Figures 15a and b, 16a and b). Marten activity remained low in 1996, and then 

dropped to almost zero in 1997 after Tl-1A and T1-1B were clear-cut. The only tracks 

recorded from these sites in 1997 occurred on the northernmost transects ofTI-18, where 

the forest had not been cut. 

Pine marten activity on Tl-2A and T1-28 fluctuated over the four winters (Figures 

15c and d, 16c and d). Most tracks were observed in 1994 and 1996 (Table 10). Again, 

there was no road construction in this area until the late summer/early fall of 1994 and 

by the winter of 1995 the logging road had crossed the northwest edge of Tl-2A and 

passed by Tl-28 (Figure 1). The adjacent area on T1-2D had also been clear-cut, so the 

amount of disturbance was increased in this area. Track frequencies showed a 

corresponding decrease. In 1996, track frequencies were higher than they bad originally 
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been in 1994, but dropped again in 1997 after Tl-2A and Tl-2B had been harvested to 

within 20 m of the stream edge. Except for one set of tracks, all marten activity in these 

areas in 1997 occurred within the riparian buffers. 

On T1-3A, marten track frequencies were generally consistent from 1994 to 1997 

(Figure 16e) while track abundances were higher in 1994 and 1996 than they were in 

either 1995 or 1997 (Figure 15e). Tl-38 showed a steady increase in both track 

frequency and abundance from 1994 to 1997 (Figures 16f and 15f, respectively). T1-3A, 

although left uncut, had some disturbance in the area with the construction of the logging 

road in the late summer/early fall of 1994 that passed by its northern side (Figure 1). 

This may correspond to the decrease in marten track abundance in 1995 (i.e, marten 

remained in the area but the intensity of activity decreased). T1-3B had the least amount 

of disturbance with no logging roads in its vicinity, yet had low track frequencies and 

abundances until 1996 and 1997. This may reflect marten being displaced into a 

previously less used area due to the disturbance at other sites. The increase in track 

abundance on this site from 1994 to 1997 may indicate an increase in the level of 

searching activity by marten for prey. It is noteworthy that no meadow voles or deer mice 

were captured on this site. 

Winter track data collected from the Copper Lake sites in 1998 were similar to 

those of 1997. No marten tracks occurred on T1-1A or Tl- lB, except in residual forest; 

marten tracks on Tl-2A and Tl-28 occurred within the buffers; and track 

abundances/frequencies on T1-3A and T1-3B were stable or increasing (Baggs, personal 
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communication). 

The lack of marten winter activity on the clear-cuts in the Copper Lake area 

corresponds with results of other studies from Newfoundland and elsewhere. From 

observations of winter tracks in western Newfoundland, Snyder (1984) reported that 

marten seldom used clear-cuts or residual stands less than 15 ha but did use larger 

residual stands. Snyder and Bissonette (1987) had greater capture rates of marten in 

residual fir stands (89.5%) in western Newfoundland than in clear-cuttings (10.5%). They 

reported that in winter, marten tracks frequently occurred in residual stands and 

undisturbed forest (74%) while fewer were in clear-cuts (25%). Marten travel patterns 

were also different between the residual stands and clear-cuts. Trails in the residual stands 

were often in a zig-zag pattern while the clear-cuts trails were fairly straight, moving 

from one residual stand to another. In. another study (Bissonette et al. 1988), marten 

rarely used clear-cuts during the first year after cutting. Use of residual forest patches in 

clear-cuts up to 23 years old was greater, but still infrequent. In Maine, Soutiere (1979) 

found lower marten track counts and had less live-trapping success in commercial 

clear-cuts than in the uncut forest. 

Steventon and Major (1982) stated that underuse of clear-cuts may be a result of 

poor hunting conditions for marten in this habitat. Marten use woody debris in winter as 

a means to access the subniveal tunnels of their prey. The structure of slash from clear

cutting may be very different from that due to natural tree mortality in an uncut forest 

(Steventon and Major 1982). Winter thaws in Newfoundland often result in ice layers 



97 

forming in the snow (Bissonette et al. 1988). In addition, increases in snow depths on 

clear-cuts in winter make ground access more difficult for marten (Bissonette et al. 

1988). Prey may therefore be abundant on a clear-cut, but not accessible. 

The results of the small mammal trapping in this study show that some prey was 

available to the manen on each site, although the prey items varied with the sites. 

Bateman (1986) found that the most important winter food items in marten scats from 

western Newfoundland were snowshoe hares and meadow voles with frequencies of 51.8 

and 30.4%, respectively. Shrews bad a frequency of 10.7%. Tucker (1988) also 

examined manen scats from western Newfoundland and found slight variations in diet 

with season. Voles were the most frequent prey item in all seasons (average of 91.2%), 

but their lowest frequency occurred in the winter(66.7%). Shrews were the second major 

prey item with frequencies ranging from 5.1% (summer) to 30.0% (spring). Berries were 

a major food source during the summer only, while red squirrels were the most frequent 

in winter scats. Snowshoe hare remains were found only in winter scats. Bird remains had 

low frequencies but were found in all seasons. 

The high abundance of shrews in the current study suggests that these could be 

a more imponant prey species when the preferred species are lacking. For example, 

meadow voles were low in abundance in all sites during this study. yet manen tracks 

were still observed on all sites before harvesting occurred. Deer mice were also too 

infrequent to be a major prey item. Snowshoe bare and red squirrel tracks were variable 

throughout the study, but do indicate that these prey items were available in the study 
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area. 

Mustela erminea: 

In this study weasel track abundances were significantly higher in 1994 and 1996 

than in the other two years (Table 10). This could be related to the disturbance levels in 

the Copper Lake area prior to the 1995 and 1997 winter seasons. Weasels showed no 

significant preference for either forested or open habitats (Figure 14), although tracks 

were more frequent on the open transects. In contrast to this finding, track data from T1-

2A and T1-2B in 1997 showed that all weasel tracks occurred within the 20m stream and 

lake buffers (Table 11). 

Simms (1979) found that weasels in southern Ontario showed a significant 

preference for early successional communities and avoided forested habitats. Where they 

did occur within a forested region, weasels used bog-meadows, thickets along streams and 

disturbed sites. Also in Ontario, Thompson (1988) found somewhat similar results; weasel 

tracks were more abundant in early successional stands and also in uncut stands but less 

common in older, regenerating sites. In contrast, Thompson et al. ( 1989) did not observe 

a preference by weasels for a certain stand age and reported that weasel tracks were the 

most erratic and highly variable of all animal species recorded. In Nova Scotia, Milton 

and Towers (1989) found similar weasel track abundances in cut and uncut riparian zones 

and determined that weasels did not seem affected by the cover variables measured. Track 

abundances also showed no correlation with riparian buffer width (tested from 3 to 45 m) 
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(Towers and Milton 1990). 

Weasels are vole specialists which may be related to their size. enabling them to 

enter the snow tunnels and burrows of the voles (Simms 1979). In Nova Scoti~ Cameron 

(1997) found that weasel tracks were positively correlated with crown closure and tree 

diameter at breast height. He stated that this is not likely due to weasel habitat preference 

and instead may reflect the weasels occupying the habitats of their prey. Weasel 

populations can fluctuate drastically in response to their prey populations (Banfield 1987). 

Thus, a lot of the variability observed in weasel activity could reflect what is happening 

to their prey. The subniveal behaviour of weasels in winter may be a more likely cause 

of track variability. Deeper snow means more use of tunnels would be necessary to access 

prey resulting in less visible activity. Tracks could be more abundant in years with less 

snowfall, as was the case in 1996. 

Vulpes vulpes: 

Red fox tracks were variable over the four winters and in several instances no 

tracks were observed. The greatest track abundance was observed in 1995 (Table 10), in 

contrast to the high abundances in 1994 and 1996 for the two previously mentioned 

species. Fox tracks were not significantly related to overstory cover although more tracks 

were observed on the forested transects (Figure 14). Also, on Tl-2A and Tl-28 in 1997 

all fox tracks, except for one set, occurred within buffers (Table 11). A similar result was 

found with the 1998 track data from the buffer sites (Baggs, personal communication). 



100 

In contrast to the 1997 data, 1998 showed higher abundances of red fox tracks in all sites. 

with increasing track abundance from the clearcuts to the buffer sites to the uncut sites 

(Baggs, personal communication). 

Ables (1975) stated that red foxes tend to avoid large homogeneous tracts of any 

single type and instead select areas with the greatest habitat diversity. In Ontario. 

Thompson (1988) found that red foxes were more abundant on older, regenerating stands 

and states that in the boreal forest red foxes prefer intermediate-aged sucCessional habitats 

to uncut mature forest. Generally the numbers of fox tracks were higher in logged areas 

than in uncut sites (Thompson 1989). 

Red foxes are opportunistic feeders, using whatever is most readily available 

(Ables 1975, Banfield 1987). Diet varies seasonally, with berries and invertebrates more 

commonly consumed in summer, and meat in winter (Banfield 1987). Small mammals 

are a major source of prey, with microtines being preferred to deer mice or shrews (Ables 

1975, Banfield 1987). Foxes hunt small mammals in the winter by digging them out of 

their tunnels (Banfield 1987). In Newfoundland, a major food source is the snowshoe 

hare (Dodds 1955). The concentration of fox tracks in the buffers on Tl-2A and Tl-2B 

may therefore parallel the higher abundances of shrews and higher track abundances of 

snowshoe hares in the buffers. 

Mustela vison: 

Mink tracks were seldom encountered but when found were mostly at the stream 
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edges. This is not unexpected owing to their typical habitats? such as stream banks, along · 

lakes and marshes, especially if forested (Nonhcott 1980) and that, in addition to small 

mammals, fish form a major part of their diet (Banfield 1987). No mink tracks occurred 

on Tl-1A or Tl-1B after clear-cutting (Table 9) and on T1-2A and Tl-2B the majority 

of tracks were within the forested buffers (Table 11). Clear-cutting may have had a 

negative effect on the mink. There appears to be limited information on mink winter track 

occurrences in similar studies. In Nova Scotia, Cameron (1997) found mink tracks in 

forested corridors but not in adjacent cut habitat. 

Small Mammalian Prey Species: 

Lepus americanus: 

Snowshoe hare activity was variable by site and by year, with 1994 and 1997 

having significantly higher track numbers than the other two years (Table 10). Thus, 

track abundance may have fluctuated independently of the disturbances from road 

construction and forest harvesting in the Copper Lake area. As a funher example of this, 

hare tracks increased in abundance on T1-1A from 1994 to 1997 (Figure 21a). No tracks 

were observed here in 1994 and the highest abundance occurred after clear-cutting while 

on T1-1B numbers were up and down over the four winters (Figure 2lb) and after clear

cutting the only hare tracks observed were in the residual forest left above the logging 

road. On T1-2A and Tl-28 all of the hare tracks in 1997 were within the buffers (Table 

11), yet on T1-3B, the most isolated site, track abundances declined from 1994 to 1997 
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(Figure 21 f). 

Researchers report that a dense woody understory is a common physical feature 

in habitats that support hare populations (Buehler and Keith 1982, Keith 1990, Towers 

and Milton 1990, Cameron 1997). This type of cover is most extensive on burned areas, 

clear-cuts and some lowlands (Keith 1990). Conroy et aL (1979) also reported heaviest 

snowshoe hare activity in areas with much habitat interspersion, especially around clear

cut edges with dense understories. Browse species appeared to shift to more palatable and 

nutritious species on clear-cuts (Conroy et aL 1979) 

In western Newfoundland, Tucker (1988) counted winter hare trails before and 

after forest harvesting occurred. He reponed that only nine trails were seen over a period 

of 81 days, while after harvesting, 53 trails were seen in 65 days. This indicated a slight 

increase in snowshoe hare after harvesting. In Maine, Monthey (1986) found snowshoe 

hare activity greater than expected in a commercially clear-cut forest and less than 

expected in undisturbed, partially harvested forests. Activity was greater in 12- to IS

year-old clear-cuts than in younger stages. Thompson (1988) and Thompson et at. (1989) 

found similar results in Ontario. The most activity occurred on clear-cuts approximately 

20 years old, while the lowest activity was recorded immediately after cutting. 

Tamiasdurus hudsonicus: 

Squirrel tracks were variable throughout the study and had their highest 

occurrences in 1996 (Table 10). Red squirrels tend to limit their outside activity in cold 
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weather to the warmest part of the day and can remain inactive in their burrows for 

several days during harsh winter weather (Banfield 1987). Thus, small occurrences of 

squirrel tracks in winter would not be unexpected. Also, red squirrels are preyed upon 

by a variety of predators such as manen, weasels, foxes and some birds. Low numbers 

of squirrel tracks on the Copper Lake transects could possibly reflect heavy predation, 

since all of these predators were present each winter. 

The finding that red squirrel tracks were significantly higher on forested transects 

(Figure 14) is expected (Northcott 1980, Banfield 1987). Red squirrels are so dependent 

on coniferous trees that in some parts of their range the population density changes in 

response to the amount of conifer cones produced (Flyger and Gates 1982). Lack of cone 

production in older, scenescent forests could also affect the number of winter tracks seen 

in such areas. 

Track abundances from 1997 were low on all sites (Figures 23a- f), but no tracks 

occurred on T1-lA, and the few tracks that occurred on Tl-18 were actually above the 

logging road, in the residual forest left from the clear-cutting. The tracks observed on Tl-

2A and T1-2B all occurred within the riparian buffers (Table 11), again suggesting a 

preference of red squirrels for forested areas. 

Similar findings by Thompson (1988) and Thompson et al. (1989) in Ontario 

showed that red squirrels were more abundant in uncut forest than in regenerating stands 

and significantly fewer tracks occurred in stands less than five years old compared with 

other stand age groups. In Nova Scotia, both Towers and Milton (1990) and Cameron 
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(1997) found that red squirrel tracks were positively correlated with canopy closure. 

Cameron (1997) found red squirrel tracks in forested corridors but not in adjacent cut 

habitat. 
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Summary 

Effects of Clear-cuttin& - No Buffer 

On the sites at T1-1, small mammal abundance was initially low~ but increased 

slightly over the course of the study. In the frrst one to two years after clear-cutting, 

abundances remained stable (masked shrews) or slightly increased (meadow voles, deer 

mice). There appears to have been no major immediate effect of clear-cutting on small 

mammal populations at T1-1. Examination of winter nacks of other prey species reveals 

that snowshoe hare nacks increased in abundance on Tl-lA over time and were highest 

after clear-cutting, while red squirrels only occurred in residual patches of forest on T1-

1B. Thus, despite the lack of red squirrel activity on clear-cuts in winter, there were at 

least four mammal prey species available. 

Red fox and weasel nacks were always low in abundance and appeared to show 

no effects of clear-cutting. This was not the case with pine marten nacks; they were more 

abundant in years prior to harvesting, but were absent after clear-cutting. The only 

marten nacks observed in this area after harvesting were in the residual forest patches left 

on Tl-IB. Even though mammal prey species were present on the clear-cuts the pine 

marten was not using these areas. 

Effects of Clcar-cuttin& - 20 m Buffer 

Small mammal abundances in the sites associated with Tl-2 showed no apparent 
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effects ofharvesting. But when abundances were compared between the 20 m buffer strip 

and the remaining clear-cut I found that shrew abundances were significantly higher in 

the buffers. Wmter tracks of other mammal prey species, viz .• snowshoe hare and red 

squirrel, indicated that these animals were only using the buffers and not the adjacent 

clear-cuts. The predator species, pine marten, weasel and red fox. apparently also limited 

their winter activity to the stream and lakeshore buffers. The buffers may have been used 

as corridors or as actual habitat. 

Noss (1993) stated that a potential function of corridors in dynamic landscapes is 

to allow animals to escape disturbances. This could be the case with the buffers left on 

Tl-2, particularly since mammal winter tracks were generally more abundant away from 

the stream prior to harvesting. Forcing animals from the interior forest into a narrow 20 

m buffer may have some negative consequences. Narrow corridors are entirely edge 

habitat and can be expected to produce high rates of mortality for sensitive species (Noss 

1993). Competition and predation can be increased through bringing together species 

which normally have little contact (Morrison et al. 1992). In insular Newfoundland, 

increased competition and predation in a narrow riparian buffer may have a more 

pronounced effect due to the limited prey base shared by the various mammal predators. 

An important point to consider is that Tl-2 is a narrow, intermittent stream. 

Similarities in winter track abundances and frequencies between Tl-2A and B and 

directions of track paths over the four winters suggests that animals are crossing the 

stream. It is possible that the combination of two 20 m buffers and a narrow stream could 
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be creating the effect of a larger buffer. Therefore, if the stream were wider, would 

mammal activity still be high in the buffers? Also the possibility ofblowdown at the edge 

of the buffer could reduce the effectiveness of the buffer as a corridor or as habitat over 

time (See Figure 6e for an example of blowdown on the cut edge of a buffer, shortly 

after harvesting occurred.). 

Effects of No Cuttin& <effective buffer of at least 100 m) 

Small mammal abundance was low for both Tl-3A and B. Although shrew 

abundance was greater in 1995 and 1996 than in 1994 on both sites, meadow voles were 

only captured on T1-3A and no deer mice were ever captured in this area. Winter track 

data indicated that while snowshoe hare activity was constant on T1-3A, it was highest 

on Tl-38 in 1994 and declined thereafter. Red squirrel track abundances and frequencies 

were generally higher in Tl-38. 

Weasel and red fox tracks were variable, yet red fox track frequencies declined 

on both Tl-3A and 8 over the four winters. In contrast, pine marten activity remained 

constant on Tl-3A and noticeably increased on Tl-38. The marten may have shifted their 

winter activity to an area with less disturbance and possibly less competition, even though 

prey may be less abundant. 

Riparian Zone Usa&e by Small Mammals 

In Newfoundland there is a low prey diversity relative to that of the predators, 
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resulting in a high. demand for a limited resource base. This study shows that. at least in 

the winter. mammalian activity was greater in the interior forest than at streamside. The 

exception to this occurred after clear-cutting. The remaining 20 m riparian buffers 

demonstrated the highest mammalian activity. Population cycles in conjunction with 

diminishing suitable habitat can only result in decreases in species diversity over time. 

A riparian buffer may be enough. to allow animals to escape disturbance but may not be 

enough to maintain animal species adapted to interior forest conditions. Furthermore. 

results of this study indicate that for a sensitive/endangered species (e.g .• Newfoundland 

pine marten). any disturbance, regardless of scale. can affect habitat utilization. 
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Appendix A 

Table A.l: Checklist of mammal species in the western region of Newfoundland. 

Scientific Name Common Name 

Sorex dnereus masked shrew 

Microtus pennsylvanicus meadow vole 

Peromyscus maniculatus deer mouse 

Tamiasdurus hudsonicus red squirrel 

Tamias striatus eastern striped chipmunk 

Castor canadensis beaver 

Lepus americanus snowshoe hare 

Martes americana pine marten 

Mustela enninea short-tailed weasel 

Mustela vison mink 

Lutra canadensis river otter 

Vulpes vulpes red fox 

Canis latrans coyote 

. Ursus americanus black bear 

Myotis ludfugus little brown bat 

Alces alces moose 

Rangifer tarandus woodland caribou 
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Appendix 8 

Table B.l: Mean frequencies (percentage ± standard deviation) of tree species for the 
Copper Lake sites in 1995. 

Site Abies Picea Picea Lllrix Bet11la 
balsamea IIIGriiUUl gltulca laridna papyrifera 

Tl-lA 36.16 ± 63.33 ± 0 0 0.51 + 
16.63 16.67 1.35 

Tl-IB 60.21 ± 32.06 ± 0 0 7.73 ± 
15.59 17.75 7.73 

Tl-IC 50.98 ± 24.51 ± 0 1.96 ± 16.67 ± 
16.91 33.36 4.80 7.82 

T1-1D 48.04 + 26.47 ± 0 0 8.82 ± 
21.18 15.67 8.11 

T1-2A 70.50 ± 24.90 ± 0 0 4.60 ± 
7.20 6.65 2.54 

T1-2B 67.13 ± 20.14 ± 0 0 10.87 ± 
6.15 7.81 6.22 

T1-2D 59.80 ± 34.31 ± 0.98 ± 0 5.88 ± 
18.76 21.51 2.40 7.44 

Tl-3A 50.82 ± 36.43 ± 5.10 ± 0 1.66 ± 
4.41 12.03 6.42 6.32 

Tl-3B 58.16 ± 30.20 ± 1.45 ± 0 10.18 ± 
8.31 4.80 2.28 7.84 
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Alqpendix C 

The following tables are plant species lists and associated Braun-Bianquet cover 
classes for the plant plots on the Copper Lake sites. The Braun-Bianquet cover classes and 
abbreviations used in the tables are defined below. The first number/symbol given in the 
tables represents the cover class of the plant species. while the number after the decimal 
represents the sociability class. 

Braun-Bianquet Cover Classes (modified from Smith 1990): 

+ - individuals are sparsely present 

1 - individuals are plentiful~ but small coverage (Note: for the purposes of analysis, the 
+ and 1 categories were grouped and. considered to have a cover from 0 - 1 %. ) 

2 - individuals covering between 2 - 5 % of plot area 

3 - individuals few or many, collectively covering 6- 25 % of plot area 

4 - individuals few or many, collectively covering 26 - 50 % of plot area 

5 - individuals cover 51 - 75 % of plot area 

6 - individuals cover 76 - 100 % of plot area 

Braun-Blanquet Sociability Classes (Smith 1990) 

1 - shoots growing singly 

2 - scattered groups or tufts of plants 

3 -small, scattered patches or cushions 

4 - large patches or broken mats 

5 -large mats of stands or nearly pure populations that almost blanket the area 

Note: NA - indicates that no information is available for that plot 
road - indicates that the logging road passed through the area where the plot would 

have occurred 



Table C. I: Braun~Blaunquet cover and sociability classes for plant species in TI-l A in the summer of 1995. 

Qundrul Number 
Species 2 3 4 5 6 7 H I) Ill II 12 13 14 15 16 17 lK 19 20 21 22 23 24 25 
tlhtiiS ixlfJII/111'(1 +.I +.I 3. I +. I 3.1 2.1 +. I +.I 
tlmv/llfl<'ltit•r '1'1'· +.I +.I +.I +.I +.I +.1 +.I +.I +.I +.I +.I +.I NA 
.-lsl~r ~1'1'· +.I +.I +.I 1.2 +.I +.I 1.2 +.2 +.I +.I NA 
/l~llll•lf''W'I'j[em +.1 +.I NA 
/ltlll/11 MJIJI• 2.1 NA 
Cartw '1'1'· 3.3 2.2 4.3 6.4 5.3 6.5 2.2 3,3 6.4 3.3 1.2 l..l 6A 1.2 2.2 2.2 NA 1.2 
CliiiiiJ/1111 l>urttllts 2.2 +.1 +.I +. I +.1 1.2 1.2 ·1'.1 +.I +.2 NA +.1 
COJIIiJ Nl'~llllllllll"ll +.1 1.1 1.2 1.2 1.2 +.2 2.2 1.2 +.I 1.2 2,2 +.I 3.2 1.2 1.1 1.2 2,2 NA 2.2 

Curm~s '"'''""'"·d~ \,2 3.3 1.2 1.2 4,2 •U +.2 1.2 ·t-.2 +.I +.I 1.2 1.2 1.2 1.2 1.2 1.2 1,2 1.2 NA +.I 
l>immum spp. 4J t,l ·1-.l 4.4 NA ·1'.1 
Onutr•• IJI, 1.1 2.2 +.2 1.2 +. I 1.2 +.2 +,2 'I·, I Nt\ 
f)I)'OJIII!I'/S IIIJI'IIhtmMIIIili +,2 NA 
/1)1/JIIWtl l'tJWN +.I +.I 1.1 3.2 1',1 +.I NA ·I' , I 
/;''luisqflull ~;•·/•••''"'""' +,I ·t-.2 +.I NA 
Gilllftltrrl~ ltisJIItlulll 2.2 3.3 3.4 +.I +. I 2.2 1.2 t ,l +.I 1.2 +.I 1.2 1.2 1.2 1.2 NA +.1 
I I~Jlali~ao 3.2 +.2 +.I Nl\ +.1 
11,1'/U<'UIIIillm II'JI· +.I Nl\ 
Kt~lmllltlll.flll.flcfi•lw +.1 +.I NA 
Kalmi11 l'ulifuli•l +.I +.1 +.I NA ·t-.1 
l .eolr1111 grwllltm,/i,·um +.I +.I Nl\ 
l.imuwalxll·l!,llis 2.2 +.I +.I 1·, I +.I 1.2 1.2 +.I +.I +.2 NA +,1 

/.islr/'11 em'''''" +.1 Nt\ 
'''"'IJf'"''"'/11 ~,,,,, 1.2 +.2 +.2 +,I NA 
Mllimi/IWIIIIIIII ,·,mn.lomw +.I 1.2 +.I +.I +.I +.I 2.2 1.1 1.2 NA 
Myril'll/ltlfc 3.2 ·1.2 2.1 +.1 +.1 +.I +.I +.I NA 

. 1\'CI/IUfi(III/IIIU /IIIICI'Uikllll +.I NA 
Osl/llllfllrl 4'illnoll/10111t'll 3.1 +.1 +.I +.I 5.1 5.1 Nl\ 
/''"~" l(lm•"•' +.I Nt\ 
/'i•'•lllllllll'lflllll +.I 6.1 3.1 6.1 2.1 ·1.1 +.I +.I +.1 3, I 6.1 +,I 3.1 3.1 3.1 5. I +.I +.1 3.1 NA +. I 
1'/••uru:ium scltrt•lwt·l 5,1 ·U 5.4 5,4 4.4 Nt\ 
l'o~cu~ 2.2 1.2 3.3 4.2 :u 1.1 1.2 1.2 Nt\ 

,..... 
~ 



Table C.J continued: 

Specie~ 2 3 <l 5 6 7 K I) 1<1 
l'rllntmthlls 1/'ifiJ/iulol/11 +.1 
l'tilirrm c:rlstoN'oU/1'11/ISis <I .'I 
Ran11rr,1111u 111. +. I 
/thmluoio.'llofi'CJII C:IIIIII<Am.>·o• +.I +.I +.I +.I 
llltl'/iolioll/..t/J>/1111 IJIJ>. 5,3 
/111/Jfls fliiiiii1WIIIU111$ +.1 +,I 
Huh11s pub~sC!It~~ +.I 
lillll/tlllwrbol o:cmcukmis 3.2 2,2 3.1 4.2 +.I i·,2 6,3 
Sulio,lgU /lloiCI'UJI/1)'1111 +. I 
Sm·bus ~1'1'· +,I +.I 
Spluu:mm1 SJ'I'· 6.5 6.5 3.3 (,5 6.5 6.5 

1\mos ~rmnolo.'tuis 

1'rie11111lis bm·••ulis 2,2 +,I +.2 +.I +.I 
11111lictn1111 flli(l)llllllll/11 +.I 
l'acc:ini11111 llllgllstifiJ/111111 3.2 
I'.I<'C.'inmm Ul'olll/olirrm +.I +.I 
Viol" IJIJI. 1.2 

Qumlrnt Numhcr 
II 12 13 14 15 16 17 

+.I 3.1 +.I +.I 2.1 3.1 
6.4 

+.I +. I 

+.2 2,1 +.2 

6,5 6.5 (,S 6.5 
+.I +. I 

+.I +. I 

+.I +.I +.I +.I +,I 
+.1 +.I 

+.I 

IK IIJ 211 21 

3.2 

2.1 

3.2 +.2 +.I 

+. I 
6.5 6,5 6,5 

+.I 

i·, I +.I 
1·, I .... I 

22 23 

+.I 

5.2 3,1 

5,4 5.4 

+.I 

2.1 +.I 

2•1 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25 

+. I 

+.I 

+. I 
6,4 

2.1 

-N w 



Table C.2: Braun-Biaunquet cover and sociability classes for plant species in Tl-1 B in the summer of 1995. 

Qumlrut Numhl!r 
Specie:~ 2 3 4 5 6 7 !I 9 10 II 12 13 14 15 16 17 IK 19 211 21 22 23 24 2) 
,lbflfs b11/mmct1 +.I +.I +.I +,I +.I +.I 2.1 3.1 +.I 4.1 +.I +. I 1'1>1111 mull +.I Ni\ 1. 1 
.·lmo:lm~<·frl~r 'ill'· +.I 3.1 +. I +.I +. I 2.1 +.I ruud roud NA 
.·ls/t'l' '1'1'· +.1 1.2 +.1 mud mud NA 
11!!/llltt l'"l'.l'l'i/ .. ,., +, I +,I mud ruml Ni\ 
/Jo:/lllll '1'1'· +.I rum! 1'1111\l NA +.1 
Cm·"-~ '1'1'· 1.2 3.3 2.2 3.2 5.4 3.2 2.2 I.J -t, l 2.3 mud rom! NA 
L'ftllllllWI,IJI/tnU ' 'H/,J'\.'11/11111 +.1 +. I 
Cllrtlumn 'I'P· +.I +.I +.I roml rom! Ni\ 
C/iiii!JIIirt boi'O:IIIit 1.2 +.I +.2 1.1 2.2 +.2 +.2 +,I 1.2 +.I 1.2 +. I 1.2 ruud rontl +.2 Ni\ +.1 
CuJ•tis grwnlan.lim +.2 -t-,2 2.2 3.2 2.3 2.2 1.2 2.2 1.2 2.2 2.2 1.2 1.2 rout! rom! NA 1.2 
Cumus o:unuclcmsis 2.1 +.I +.I +.I 2.2 1.2 3.2 1.2 1.2 +,I +. I 1.2 2.2 1.2 rout! roull 2,2 Ni\ 
Dl.:muum '1'1'· 4.4 +.I 6.5 65 6.5 rund mud NA 3.2 
/)ms~m sp. +.I 1.1 +.I +.2 I'OIIll ruml Ni\ 
DI)'OJ•Itrls fllll'••l>u•·•"'"'lfis 3.2 3.1 +.I +.I roud roull +. I Ni\ 
/)f)'OJIItrlsplwgut•fo:rlf +.I ruud roml NA 
Dt)'Ufllllris "l'illufosct +.I +. I 2.1 +. I roud rond 4.1 2.1 Ni\ 3.1 
/:)•i~t""'' rllptns +.1 2.2 1'.1 +.I 1'.1 2.2 1.2 +. I roud rum I Ni\ 
fl''fii(SO:flllll S)'fl'llli<11111 +. I +.I 2.2 -t,l -t,l ruud rom I NA 
Ocm/r/wrict ltispichllll 2.3 +. I +.I 2.3 +.I 1'.1 1.2 +. I 2.2 2.3 +.2 3.2 +. I mml rum I NA 
II<:Jl~lil:~c +.I 6.5 ruud ruml Ni\ 3.3 
I ~1·/0t.'OIIIill/11 spjl, 6.5 6,5 5.4 rom I ruml NA 
hlllllliCI pol;fuli11 +.I +.I +.1 rum I rund NA 
l.t<htm ll~"""'"'•m•ltt'llllt +.I +.I rum I rum I NA 
l .mmr.•a huret~lls 2 .. 1 +.I +. I +.I -t,l +.2 +. I +.I +. I +.2 1.2 mud runll NA 
Mtticmlfwiiiiiiii''""''""'IJ" +.I +.I 1.2 +.1 +. I +.2 +.1 +.I +,I +.1 1.2 +,I ruud mud -t-.2 NA +.I 
Al)'ri···' sole 2.2 5.2 I'll II\ I nllld NA 
Nc'IIIO/ItlttllllltiiiiWI'llllollol +.I ruml 1'111111 NA 
Otl/111111,, ~/IIIICIIIIIJIIICII (!,) 4.1 (,,J :u 3.1 mu~l rum I NA 
Pi•·•·••xlmw11 5.1 rom I ruml NA 
/'icc'll llhtriolllll 6.1 +.I 4.1 1'.1 ·1'.1 2.1 +.I 6.1 •1.1 4.1 +.I +.I roud rum I NA 
1'/~mu:ium sdll'~bc•n 6.4 5.4 rum I ruml NA 4.4 -~ 
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Table C.3: Braun-Blaunquet cover and sociability classes for plant species in Tl -JC in the summer of 1995. 

Quuc.lrut Number 
SJx:cies 2 3 4 5 6 7 8 9 10 II 12 13 14 IS 16 17 18 19 20 21 22 23 24 2S 

Ab/11 ballt~mltl +.1 1.1 3.1 +.I 3.1 +.1 2.1 +.I +.I +.I 2.1 2.1 2.1 +.I +. I 3.1 +.I 
A~" r~~brum +.1 
Amt/arK:hitr tpp. 2.1 +.I +.I +.I +.I +.I +.I +.I +.1 
Ath}lrlum friiX-/•mlntl +.1 S.4 4.4 1.1 +.1 3.3 +.I 
B•tult~ PllPYrl/~rt~ +.I +. I +.I +.I 
B1tw/t~ app. +.I +.I +.I +.1 2.1 +.I 
Ct~ru app. SA 3.3 +,I 
C/lnlottlll banlll/4 1.2 1,2 2.2 +.I 2.2 +,I 2.2 +,2 +.I +.1 1.1 +.I +.I +.I +.I +. I +.I 1.2 +.I +.2 1,2 
Copt/.f sra.n/11nf4~ 1.1 +.I +.2 1.2 1.2 +. I +.2 1.2 1.2 1.2 
CorniU cnMdtns/s 1.2 1.1 2.2 1.2 +.I +.I +.2 1.2 +.I +.1 1.2 +.I +. I +.2 2.2 +.1 1.2 +.I 2.3 2.3 1.2 
Cor111U stolottlflrll +.1 
Dlcrtlnum app. 4.4 3.1 +.I 3.3 
Df)'Oilllfl• JlMilCifll"l' +.I +.2 +.I 
Df)'OPIIfil sp/nu/(liQ 3.1 +.I +.2 +.I +.1 +.1 +.I 2.2 1.1 +. I +.I +.I +. I +.I 2.1 +.I 
EpiJMQ fiJHM +.2 +.I +.I 
E¥11(11/Nm S)'lwlll~m +. I +.I 
GRNftiNr/tl hlspldufll +.I 1.3 1.2 1.2 1.2 
lfylocom/um app. 3,1 3.1 6.S +.I 3.3 
Llnnattl bur•al;. 1.2 +.I 2.2 1.2 +.1 +.I 1.2 1.2 1.2 +.2 +.I +.I +.I +.1 1.3 1.2 
1./sterR cordniR +.I 
Aflliiiii/Mmlllll ~a1111dtMI +.I 1.1 +.1 1.2 1.1 +.I +.I +.I 
Monu•s untjlort~ +.I 
N•mopafii{IIU mucrottaiR +.I +. I 
Osmunda clnMmOIIIIII +.I +.1 +.I +.I 
Pi"llmllrillM 3.1 +.I +.I 4.1 
Plturo:lum sch,b~rl 6.S 3.1 5.4 
1'01~ +.2 3.3 
Ptllium crls/a-ciUirfnsl• 5.4 3.1 4.4 3.3 5.4 
Rhodcxlrnd-on canRtMMI 3.2 
Rlrytilliar.Mipluu app. 4.3 4.4 +.1 +.I 6,4 6.4 ....... 

N 
0\ 



Table C.3 continued: 

Quadral Number 
SJ!!:cles 2 3 4 s 6 7 8 9 10 II 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 
Rubw c/tturlolmorw 1.2 +.I 
&lrtp/6"'ba NfiiiMIII/6 +.I +.I +.1 1.2 
Solk»,o flllKTDphy/la +.I +.2 +.I +. I 1.2 +.I +.I 
Slr•ptopw ampl~lfoltw +.I 
Slr•ptopw ro.r .. ., +.1 
Trl•flla/16 barlal/6 +.I +.I +. I +. I +.2 +. I 
l'acclllllllff artp~rlfo/tlllft +,I 
Vacciii/!Urt ava/lfo/INm 2.1 +.I +,I +,I +.I 2.1 2.1 +. I 
Viola spp. 1.2 +.1 



Table C.4: Braun-Blaunquet cover and sociability classes for plrint species in Tl-1 D in the summer of 1995. 

Qundr«l Number 
S~cies 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

NA 
Ab/t$ b4illlmra +.1 3,1 +. I +.1 6.1 +.I 3,1 4.1 +.I 3,1 3.1 2.1 3. t 3. I NA 

. AmtllltWhltr tpp, +. I 2.1 +.1 +.I +.I +. I +.I 3.1 +. I NA +.1 
Asltrspp. 2.2 1.1 NA 
Bttula pllpyr(/irR +.I +.1 NA 
Cart$ tpp, +.1 6,5 3.4 1.2 1.2 1.2 NA 
Cltamli14JphM mJ>'CU/Rill +.1 +.I NA 
ClinloniR bonlllis +.1 +.1 1.2 +.1 +.1 +.I +.I +.I +.1 +.1 +.1 1.1 2.2 +.1 +.2 1.2 +.2 NA +.1 
CPplis lro.nlandiN 1.1 +.I 1.2 1.2 +.1 +.1 +. I 1.1 +.I +.1 +. I +.I +. I 1.2 NA 1.1 
CINIIIU CllllllllrMII 3,3 1.2 +.I 4.3 1.2 2.2 +.I +. I 1.2 +.2 +.2 3.2 1.1 2.2 +.1 1.2 2.3 1,2 NA 2.2 
DlcrllnNm tpp, 6.5 2.1 +.I 3.1 NA 4.3 
DI'Oitrll tp, +.2 1.2 +.I NA 
f?l)oopltrls JtsjlltWia +.1 
Dryopttrls IIIWuborllc.tuls 4.2 6,4 NA 
DI)'OIIttrls PMIOflltrls +.1 +. I +.I NA 
DI)'O(Jitr(s spltllflosa +.1 +.I +.I +. I NA 
/lpiiMR ,,.ns +,2 +.1 1.3 +. I +.I +.1 2.1 +. I 3.2 NA +.1 
HriPpmm •PP· 6,5 1.2 NA 
GllultlwriA hlspidt4/u 1.2 +,2 3.4 2.3 +.I 2.2 +.2 NA 
1/ylor:om/Nm app. 3.1 6,5 5,4 3.1 6.5 NA 
Ka/111/Q polifoliR +.I NA 
LA141m Nro.I!IAndicum +.1 NA +.1 
Llnna.a btxlalls 1.2 1.2 +.1 1.2 +.I 2.3 +.I +.1 2.2 +. 1 NA 
A/Q/Un/Miftlllll Clllllld&!MI 1.1 1.1 1.2 1.1 1.1 +.I +.1 +.1 +.1 +.I +.I 1.1 +,I 1.2 +.I 1.2 NA 
Myr/~a 1al• +,I NA 
Gs111unda ,·lnnamomen +.I 5.2 2.1 3.1 +.1 NA 4.1 
Piela 1lur1CR NA +.1 
I'IP~ll mar/uiiQ 3.1 3.1 5,1 +. I 3,1 NA 
Pleuralillm s.·hrtbl-ri 6.4 4.3 NA 5.4 
11ua~cae 1.2 3.3 6.4 5.4 NA 
P1ili11m crlsta-,·aslrtmls 5.4 6,5 +.I 6.4 5.4 NA -N 

00 



Table C.4 continued: 

Quudrul Number 
se;cics 2 3 4 s 6 7 8 9 10 II 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 
Rhododrndron mnadrm• 5.2 2.1 3. 1 NA +.1 
Rubru clulmtwmonu +.I +.I NA 
Rh)ltitfadtlphru 1pp. 5.4 5.4 +.I NA 
Sanguisurb4 canadrmis 2.1 3.2 . 2. 1 +.I NA 
Solidugo ma~ropll)'lla +.1 +.1 NA 
Soi/Jueo app, +.1 +.I NA 
Sorbus app, +.I +.I +,I +.1 +.1 +.I NA 
Sphagnum 1pp. 3.4 6.5 6.5 6.5 6,5 6,5 NA 
Str•plopus ros•us +.1 +,I NA 
frltntalis bunal/s +.1 +.1 +.1 +,I +,I +.I 1.1 +.1 +.I +.2 +.1 +.I 1.2 +.1 +.I NA +.1 
Vm·ctllfUm 011KIIIIt/ullllm +.1 2,2 2.2 +,I NA +.1 
V~KXInlum UVQ/Ifolium +.I +.I +.I +.I NA +.1 
Vc=lnlum vllls· ldtua 1.2 NA 
Viola app. +.I 1.2 1.2 NA 



Table C.S: Braun-Biaunquet cover and sociability classes for plant species in Tl-2A in the summer of 1995. 

Qum1rul Nwnbcr 
S~lcs 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Abt•.r babamea 2.1 3.1 +.I 1.1 5.1 2.1 3.1 4.1 5.1 5.1 6.1 5.1 5.1 3.1 4.1 5.1 6.1 3.1 3.1 +.I 2.1 +.I +.1 
Amr/unchlrr app. +.1 +.1 +.1 +.1 +.I 
A"r.rplcaiiAm 2.1 
BtiiAia papyr/{11rR +.1 +.I +.I +.I +.I 
BillA/asp, +.1 
Curl)( 1pp. 1.3 2.3 
C/oi!Jn/Q spp, 6.4 +.I 
Clinton/a horrali.r +.I +.I +.I +.I 1.2 +.2 3.2 +.I +.I 3.2 +.2 +.I +.I +.1 +.I +.I +.l +.2 +.I 
Cup/Is ltwlflon<fca +.I 1.1 +.2 1.2 +.I 1.2 1.2 1.2 +.I +.I +.2 +.2 1.2 
Cornu.r ca11Rd.n.rl.r +.1 1.2 3,3 3.2 1.2 2.2 +,I 3.2 3.2 1.1 1.2 +.2 +. I 1.2 1.2 1.2 +.2 
DfcrQnum epp. 2.1 2.3 4.3 3.3 4.3 
Dl)oopt~ru disjuncta +.l +.I 
DI)'Of't•rl.r piNII<JPI•rt.r 2.2 2.1 +.1 
DI)'OPt•rl.r .rplnulwR +.I 2.1 2.1 +.1 +.I +.I +.I +.I +.I +.I +.I +.I 
EptgR•a r•p.n.r +.I 1.2 +.2 +.2 1',2 +.2 +.2 +.I +.I +.2 +.2 +.I +.I 
Et~ul.r•tull! l)'fwrllcum 1.3 
Oau/tlt.r/R hispi,lulu 3.3 +.2 3.3 1.3 2.2 1.2 1.2 +.I +.1 \.2 1.2 1.2 
llcpallcao 4.4 +.I 6.5 +.I 
ll>·l~fum 1pp, 5.3 4.3 3.1 +,I 3.1 +.I 5.4 3.3 
L/nfiQIQ bur1u/ls +.1 +.I +.I +.I +.I +.I +.I 1.2 1.2 +.1 +.2 1.2 1.3 1.2 1.2 
Muirmtlt.mum C:R/Uidtn.r• 1.2 +.2 +.I +.I +.I +.1 +.1 +.1 +.I +. I 1.1 +.I 1.2 1.2 1.1 1.2 +.1 +.I +.I 1.1 
Onoc:l•a .rtn.rlbill.r 2.1 2.1 
O.rinund.r c:/ml(rmomt•r 6.2 2.1 
Pic:'" mqrl•mll +.1 6.1 +.I +.I 3.1 3.1 4.1 +.I 3.1 +.I 3.1 3.1 3.1 +.I :u +.I 
Pttllum c:rlstu·c:Mtm•~l.r 5.4 5.4 6.5 3.3 3.3 3.3 
Pr•nanllt..r trifo/iu/uta +.I 
RhudoJ.n,lron c:11nadms~ +.I +.I 
R/IJ•IIdi!rd.lplru.r 1pp, 6.5 5.4 +.1 5.4 6.4 3.3 5.4 4.3 6.4 6.4 
Rubus id.Hu.r +.I 
S~Jngul.rorba CllfkrtN~·fs +.I 3.2 3.1 
So/id.Jgo mnc:rop/1)•1/a +.I +.I -w 

0 



Table C.5 continued: 

Quadrat Number 
S~ies 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Sorb1u •I'll· +.I +.I +.I 
SpiiDJinJIIn •I'll· 6.5 6.5 4.3 3.1 
StnpiDplll TOSIIU +.I 
1'1u!l/ctrum ~at11111n +.1 
Trltnlalis boffo/is +.1 +.I +.I +.1 +,I +.I +.I +.1 +.1 +.I +.I +.2 +.1 +.I 
l't~~lnlum llnJIIUif/olillm 1.2 +.I +.I 2.2 2.2 +.I +.I +.I +.I +.I 

. vn~inlum OYOlf/olillm 4.1 +.I 2.1 +.I +.I +.I +.1 +.I 2.1 2.1 +.I +. I 
Viburnum tdul• +.1 2.2 
Violll IJIP. 1.2 1.2 +.1 



Table C.6: Braun-Blaunquet cover and sociability classes for plant species in Tl-2B in the summer of 1995. 

Q1utJmt Number 
Species 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Alii•• balsllmlll +.I +.I +.1 +.1 +.I +.I +.I 1.2 1.2 1.2 +.I 1.2 +.2 +.1 +.1 1.3 +.1 1.2 +.I 1.2 +.1 4.1 1.1 3.1 
Al"'u fll/10111 +.I 
Am•IRncllt•r tpp, +.I +.I 
AfiOPIIIllls mllfllllrflll~ll +.1 
Atlryri"m flllX·/imiM +.I 4.1 
B11J1ltt papyr(flftt +.1 
Btlllltt 1pp. +.1 +.I +.I 
C11mpylium pa/n11mum 6.4 
Cllr«X tpp. 2.2 
Cllntonlll borlllll• 4.2 +.I +.I 2.1 +.I 1.1 +.I +.I +.1 +.2 +.1 2,1 +.2 1.2 +.1 1.2 +.1 3.2 
Coplh /lrt»nlllndlca 1.1 1.2 2.2 +.I +.1 +.2 2.2 
Cornus Cllnlltllrul• 3.2 3.2 +.I +.1 +.1 +.1 +.I 1.2 +.1 1.2 +.2 +,2 
Cornus •tolt»~ff-ra +.I 
D/CI'QIIUIII •PP· 6.5 6.5 5.4 6.5 5.4 4.4 4.3 3.3 
Dryoptffl• dUjunct11 2.1 
Dryopllfh phlgopt~rls +.1 +.1 
Dryoptll'h sp/nu/01a +.I 3.2 +.I 2.1 2.1 4.1 +.I +.I 3.1 +,I 4,1 2.1 +.I 
IJp/glliQ ,., .. '" 3.3 +.I 
Oml/t~r/11 h/sptci41A +.1 1.2 2.2 1.1 1.3 1.2 1.3 3.4 
ll>•loromlum tpp. 4.3 6.5 4.4 6.5 
UnnatQ bol'fllll• 1.3 +.1 +.I +.I 1.2 2.2 
Malantlt.lmum ctmadornse +.I +.1 1.1 +.I 2.1 1.2 2.2 1.1 1.1 +.I 1.2 +.1 +.I 2.2 +.1 +.2 +.2 
M011eses "nlflurtt +.1 +.1 

· 01'10C/1a mulbt/ls +.1 +.I 
Plctll glauctl 3.1 
Plc.a mariana 2.1 +.I +,2 
Plluro:/um scllr•btrl 6.4 6.5 6.4 6.5 3.3 6.5 
Pl~rldium llqulltnum +.1 
Pti/lum crlsta·ctutl'lnJis 4.4 5.4 5,3 3.3 4.3 3.3 
Poaccac +.1 +.1 -w 

N 



Table C.6 continued: 

Quadrol Nwnbcr 
S~cles 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
I!Rmmcul"' ap, +.1 
/lhododr11~ ctlfiOdi/ISI +.1 
ll/1,)1idtadllpluu app, 6,5 6,5 6,5 5.4 3.5 6.5 6.5 6.5 4.3 
Rub"' pubfs&~/1.1 +.2 +.1 2.1 +.1 
R11b11S ap. +.1 +.I +.I 
SambuCIIS pubfm +.1 2.1 3.1 
Sa11gulsorbR ct~lludrm/s 1.2 +,1 
Solidago macroph)'IIR +.I 2.1 
Solldato IPP, +.1 2.2 
SorbUI IJIP, +.I +.1 +.1 2.1 +.1 
SpMIIIMIII lpp, 5.3 
Strtptop.u ror•.u +.1 +.I +. I 
r.l\111 canadrmls +.1 
Thnl/l:lrum po/numum 2.2 
Trll/1/alts bot1Rlls +.I +.1 +.1 1.2 +.1 1.2 +.I +.2 +.1 +.2 +.I +,1 
VaccilliNtll llfii!ISttfoltum +.1 
JI~JCX/nlum a~'llli/ollrmr +.I +.I +.I 2.1 +.I 3.1 1.1 
l'tula app. 2.1 +.I 



Table C.7: Braun-Biaunquet cover and sociability classes for plant species in Tl-2D in the summer of 1995. 

Qundrut N mnbc:r 
S~cles I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Ablll b<NII/11111 3.1 3.1 +.1 +.1 +.1 5.1 +.I 1.1 2.1 +.I +.1 +.1 +.1 2.1 4.1 +.1 
Atr~tft~nt:hlt~r 1pp, +.1 +.1 +.1 
Astir 1pp, +.2 
Curu 1pp. +.3 1.3 2.3 3.4 6.4 
Clintunlu bor•alls 1.2 +.2 3.2 +.1 3.2 +.I +.I +.1 1.1 l.2 2.2 +.2 +.2 +.2 
Coplls •ro.nklndiM 1.3 2.2 1.2 +.1 1.2 3.4 
Comiu Mna~u +,2 +.1 +.2 3,3 +.1 +.I +.1 1.2 +.1 +.I +.1 
Dlcran11111 1pp. 4.4 6.5 +.I 5.4 3.3 6.4 6.4 +.3 3,3 6.4 
Df)'OI't•ru 1plr11ti~R +.1 2.1 3.1 +.1 +.1 +.1 3.3 +.1 +.1 +.1 +.I +.I +. I +.I +.1 +.1 
EplftHII ''fM'" +.I +.I +.1 1.2 
EfNIIIINifl .ylv¢1'lfm :u +,1 
OaltiNriR lt/1p/~IR +.2 1.3 +.I 1.2 
Hylocotr~(utrl app. 4.4 3.3 4.3 3,3 

L/n-R bona/Is l.3 +.2 +.1 
MQ/IMII"""II"' MIIQdlru• 1.2 1,2 +.2 +.1 +,1 +.1 2.1 +.I +.I +.I +.I +.2 +.2 
AfontiU Nn(/kNII 1.2 +.I 
Oltrlllfllill c/niiQmomtR 4.2 +.1 +.1 +.1 +.1 
PI"" mar/aM +.1 5.2 +.I 3.1 
P/ftrtRINifl lt:Mtblrl +.1 
Pt1ll11,. t:rlJta-castfltuls 3.3 
Po~ +.3 
Rlr)'tlliadllpltUI 1pp. 5.4 6,5 6.5 3.3 +.I 
R11bU1 puks"'" +.I +.I 
SurtpLrorba CliiFIDJ,mts 1.2 3.2 
SorbUI app, 2,2 
SphiiBflllfll IJIP. 2.1 +.I 6.4 +.I 
Taou t:llfiiiMMII +.I 
TlwUic:t111111 ~umum +.I +.I 
Trltn/11/ls Ilona/Is +.1 +.1 +.1 +.2 +.1 +.I +.I +.1 2.1 +.1 +.1 +.1 
I'IICCiniNFII Ol'llll{ultum +.1 2.2 +.1 +.I +.1 3.1 
1'/ola app. 1.2 1.2 2.2 ..-

~ 



Table C.8: Braun-Blaunquet cover and sociability classes for plant species in Tl-3A in the summer of 1995. 

Qundrul Number 
SJ>ecies 2 3 4 5 6 7 8 9 10 II 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 
Ab/1s b®am•a 4.1 3.1 5.1 2.1 +.I +.1 4.1 +.1 +,I NA 4.1 
Ac.rrubrum +.1 NA 
Aln~crhpa +.1 +.I +.1 +.1 NA 
Amtlanchltr app. +.l +.I +.I NA 
A1t1r app. 1.1 1.1 1.1 1.1 +.I 1.1 1.2 1.2 1.2 +.I +.I NA 
Atlryr/um filix-fomlna 2,1 NA 
Blt141a papyrl/tra +.I NA 
B•tul~ app, +.I +.I NA 
Caru: app, 1.2 4,3 4.3 2,2 3.2 2.3 6.4 4.3 1.2 6.4 4.3 5.3 4.3 1.2 2.2 4.3 4.4 3,3 NA 
ChamatJaplrnt cul,ycuiP(rl 1.1 +.I +.I +.1 +.1 NA 
Cllnlonl11 bor.ulis 1.2 1.2 1.2 1.2 1.2 +.2 2.2 +.2 1.2 +.I 1.2 +.I 1.2 1.2 1.2 NA 1.2 
Copl/s BrDfnla"'tcu 1.2 1.2 1.2 +.I +.2 1.2 1.2 1.2 NA 1.2 
Corn~ cunadrtu/1 l.2 1.2 3.2 +.1 +.1 +.2 1.2 1.2 1.2 1.2 NA 1.2 
Cornru stolon/fora 1.2 +,I NA 
D/mrnum Ifill. 4.3 NA 
D/'06~ra ap, +.1 1.2 1.2 1.2 1.1 1.2 1.2 NA 
Dryopt•r/1 •}uncia +.1 1.2 +.1 1.2 +.I +.1 +.I NA 
Dryopttris plreBopllr/1 +.I 1.1 +.1 NA 4,1 
Dryopt•rls splnulwa +.I +.I +.I 2.1 3.1 NA 
Epltu•a rlfi'M +.2 +.2 +.I NA 
E9Nis11Nm sylwlllcum 1.2 +.I 2.1 +.I +.1 +.1 1.2 +.I +,1 +.2 1.2 +.I 1.1 NA 
Gaulthrrla lrlspldult~ 1.2 +.2 1.2 +.I 1.2 1.2 1.2 1.2 NA 1.2 
Platantlrlra tilat11ta +.I +.I +.I +.I +.I +.I NA 
llfl«omlwm app. +.1 NA 
Kulmla po/1/olla +.1 NA 
L•~m 1rDfnlat"li•11m +.I +.I +,I NA 
Llnrr.wa bonalls 1.2 1.2 +.2 +.I 1.1 +.I +.I +.I +.I +,I NA +.1 
~UIIIIpp, 2.3 NA 
Malantlwmum cunadrtu• +.1 NA 
Alyrlca Jal• +.I 5.2 +.1 4.2 +.I 2.2 3.2 NA ..... 
Osmunda ci111ramum•a 3.1 4.1 4.1 +.1 NA I,.) 

l.J\ 



Table C.8 continued: 

Quudrut Number 
Species 2 3 4 5 6 7 8 9 10 II 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 
1'1~'" glauca 3.1 NA 
Plcl(l m11rlmw 6,1 3.1 +.I +.I +.1 +.I +,I +.I 3.1 4.1 6.1 2.1 3.1 NA 
Poa"ao 3.3 6.4 5.4 6.4 1.2 +.I 2.2 1.2 6.4 4.3 1,1 +.I 1.1 +.I 1.2 NA 
Rhododendron curwlktut +.I 2.1 1.1 NA 
RIIHts glan.AIIalllm +.I NA 
R116ru chRmMnlonu +.I NA 
RNbiU /dtHIU +.1 3.2 NA 
Rub~U pubttsc.ns 2.2 +.I 2.2 NA 
S!lngJI/sor/JQ canl!llrnsls 3.2 4.2 2.1 1.1 2.1 2.2 3.2 +.2 +.I 2.2 2.1 2.1 2.2 3.2 3.2 2.1 2.2 NA 
SoliJaMo m«rophy/la 1.2 +.I NA 
Solidago app. +.2 +.1 NA 
Spl~agnum •l'fl· 6.5 3.2 6.5 6.5 6,5 3,2 5.4 6,5 6.5 6.5 6,5 6.5 4.4 6.5 6.5 5.4 6,5 NA 6.5 
Tunu canaMnsls +.I +.I NA 
ThR/IctrNm fO/>'Ilflmum +.1 NA 
Trltnla/11 bor•all.r +.1 +.1 1.1 +.1 +.2 +.I +.1 NA +.1 
l'uc.·cfnlwm t~ngiUII/olium +.I 1.2 NA 
l'""lnl11m 0V11II/oli11m +.I +.I NA 
l't~CC/niNm 11.\)'CPCqU +.I +.I NA 
l'lola •Jlll· +.1 1.2 1.1 1.2 1',1 1.2 +.I 1.2 1.2 1.2 2.2 NA 



Table C.9: Braun-Biaunquet cover and sociability classes for plant species in Tl-38 in the summer of 1995. 

Quudrut Number 
S~ies 2 3 4 5 6 7 8 9 \0 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Abl•~ bouam•a +.1 +.1 +.I +.I +.I 1.1 +.I +.I +.1 1.1 +.I 1.1 +.I +.I NA +.1 
ACI!rrubrum 2.1 +.I NA 
A~rr•lanchl•r app, +.\ +.I +.I NA 
tl~t•r app, 2.1 +.I +.2 +.I +.I 1.1 NA 
B•lltla papyr(/'wra +.I NA 
8-IUf(l Ifill, +.I +.1 +.I +.I +.I NA +.I 
Carex app. 3.3 3,3 1.2 2,3 2.2 NA 
Cftt~tiiMdlphM M/yculala +.1 +.I +.I +.1 NA 
Clinton/a bortalis +.2 +.I +.1 1.1 2.2 +.I 1.2 +.1 +.I +.I 1.2 +.2 1.1 +.I 1.2 NA 
Copllr Jlro.nla11ollca 1.2 +.2 1.2 1.2 1.2 +.2 2.2 1.1 1.2 +.2 1.2 2.2 1.2 1.2 1.2 +.2 NA 
Cor11~ ~UIIaJ.nrls 1.1 +.2 1.1 1.2 1.2 1.2 1,2 1.2 l.l 1.2 +.2 1.2 1.2 +.I 1.3 1.1 3.3 1.2 NA 3.2 
D/~rcmum •pp. 3.3 6.4 5.4 3.2 4.3 4.3 3.2 6.5 4.4 NA 
Dro.ura ap. 1,2 +.I 1.2 NA 
Dr)'Up/~rir plllgop/lris +.I NA 
Df)'Op/lrls 1pfnulosa 3.1 3,1 4.1 2.1 4.1 NA 5.1 
EfiUilfiUIII S)•lval/~1111 +.I +.1 +.I NA 
Dt~ultlllrla hispld4(43 1.2 1.2 +.I +.I 1.2 NA 
lfy/OCO/IIIUIII 1pp. 5.4 +.1 3.2 NA 
X aim/a palifo/la +.I +.I NA 
l.•wm Jl'a."la"'ll''""' +,I NA 
LiiiiiMil bor•ul/r +.2 +.1 +. I 1.1 2.2 +.I 1.2 +.I +.I +.I 1.2 +.2 1.1 +.I 1.2 NA 
Lis/era cordi/a +.I NA 
Loin I,, Ill procumbenr +.1 NA 
L~umapp. +.2 NA 
MulanlhllrtU/11 carnultnr• +.2 +.2 1.2 +.I +.I 1.2 1.2 +.I 1.2 +.I +.I +.2 1.2 1.2 NA 
MoMse~ 11111/1ar43 +.I NA 

M>•rlca '"'' +.I 3.2 5.2 2.2 5.2 +.I NA 
P/CIIIlBlU~Q 5.1 +.I +.I NA 5,1 
P/l!fa mariana 6.1 2.1 6.1 3.1 6,1 5.1 +,I 2.1 NA 
Pl•ttro:lum r&lrreberl +.1 4.3 6.5 4.3 6.5 4.3 5.4 1.1 NA -~ 
l'~cc;ac 6.5 2.2 NA -....l 



Table C.9 continued: 

S~ies 2 3 4 s 6 7 8 9 
Pllllum crhla·CtUirtruls 

Rlu!mmu alnlfoiiNS +.1 
Rhodrxlln4-0tt ranadlrur 2.1 +.1 +.1 +.1 
Rh)'tldiadllphNS app. 
R~ clu!mP•monu 1.1 l.l 1.1 
/l.llbNS{dafiU 

Rubus p11b"""' +.1 
SanpllorbQ canadtruls +.1 +.1 +.1 +,1 +.1 
Solldtl•o m~~eroplryi/Q +.1 
Sorbus app, +.1 
Splu!ff!llm app. 6,5 4.3 6.5 5.4 6,5 
Sp/rMa lallfolta 

Stnp/opiU rOirJU 

Tanu NN~dlruh +.I +.1 +.1 +.1 
Trl•nta/ls bor1alts +.2 +.1 I, 1 +.I 
Yacclnf11m an~llfo/lum +.1 +.1 +.1 
Yacclnl11m oval/folium 

I'DCC/nlum QI)'COCCIU +.I 
Viburnum CtUslnoldu +.1 
Ylola app. 

Quudrat Number 
10 11 12 13 14 IS 16 17 

+.1 

+.1 +.1 
+.1 

3.2 +.1 
+.1 

+.1 +.1 

+.I 1.1 +.I 1.2 +.1 1.2 1.2 

+.1 +.I +.1 +.1 +.1 

+.I 

18 19 20 21 22 
+.1 

3.2 

+.1 

+.1 +.1 

+.I +.1 1.2 +.I 

+.I +. I 

23 

+.1 

1.1 

24 25 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA +.1 
NA 
NA 
NA 

NA 

-w 
00 
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Appendix D 

Table 0.1: The average number of large mammal (Alces alces and Rangifer tarandus) 
tracks per 100m for each site in the Copper Lake Watershed. 1994 to 
1996 data are prior to forest harvesting, while 1997 data are post-harvest. 

Species Year Site Tracks/100m 

Alcesalces 1994 Tl-1B 0.02 

1995 Tl-2B 0.02 
Tl-3A 0.1 

1996 Tl-1A 0.01 
Tl-2B 0.05 
Tl-3A 0.01 
T1-3B 0.05 

1997 Tl-2A 0.11 
Tl-2B 0.08 
Tl-3B 0.14 

Rangifor tarandus 1994 Tl-1A 0.51 
Tl-1B 0.11 

1995 Tl-18 0.01 
Tl-2A 0.03 
T1-2B 0.02 
T1-3B 0.12 

1996 T1-3A 0.04 
Tl-JB 0.3 

1997 Tl-lA 0.03 
Tl-lB 0.01 
Tl-28 0.01 
Tl-38 0.03 










