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Abstract

Shaddock, J.K., University of Manitoba, 2005.

Effects of timber harvesting and forest fire on the ecological diversity of carabid beetles

(Coleoptera: Ca¡abidae) in aspen dominated mixedwood forests (Populus tremuloides

Michx.) in westem Manitoba.

Major Professor: Dr. A.R. Westwood

Carabid beetles (Coleoptera: Carabidae) were sampled in burned and timber harvested

mixedwood forests to determine the effects of disturbance type on carabid beetle

communities. Three forest age classes within each disturbance type were compared: sites

burned in 1980, 1961 and 1932;and sites harvested in i995, 1980 artd1967. A total of

13873 carabid beetles, representing 51 species, were caught using pitfall traps during

varying summer sampling periods in 2000, 2001 and 2002. The catch frequency of

carabid beetles was generally higher in burned forests compared to harvested forests,

although there was a high degree of variation within bumed forests. The differences in

catch frequency befween disturbance types were due primarily to high catch frequencies

of forest generalist carabid beetle species, such as Platynus decentis (Say), Pterostichus

adstrictusEschscholt z, and Synuchus impunctatus (Say) in burned forests. There were no

significant differences detected between burned and timber harvested sites in the number

of species of carabid beetles, log o diversity, evenness, or the Berger-Parker (dominance)

index. The Jaccard index of B diversity indicated that the differences between the carabid

beetle communities of burned and harvested sites were greatest in the most recently

lv
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disturbed sites, and least in older sites. Each disturbance resulted in an initial increase in

the number of species of carabid beetles that are known to inhabit open areas, such as

Agonum cupreum Dejean, Agonum cupripenne Say, and Cymindis críbricollis Dejean;

and an initial decline in the catch frequency of forest generalist species. It is unclear

whether these effects are caused by timber harvesting or are normal for any large-sca1e

disturbance. Forest generalist carabid beetle species were slower to ¡eturn to harvested

sites than to bumed sites. The catch frequency of carabid beetles was highest in

May/June, steadily declined over the collection period, and was lowest in August. Older

forests had significantly higher catch frequencies of carabid beetles and lower levels of

diversity than more recently disturbed forests, possibly due to differences in the quantity

of leaf litter and coarse woody debris.
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Introduction

The loss and fragmentation of natural habitats due to anthropogenic disturbances such as

logging, agriculture, altered fire regime and urban development are suspected to be the

primary causes of a recent rapid decline in the world's biodiversity (MacArthur and

Wilson 1967; Wilson 1988). Reduced levels of biodiversity are problematic, with

consequences including reduced habitat and nutrients for other organisms, diminished

sources of potential pharmaceuticals, and the loss of natural pest control agents (Ledig

1988; Reid and Miller 1989; Wilson 1992). As a result, the importance of biodiversity

and its conservation as a part of sustainable forest management has increased over the

past decade (Government of Canada 1995). This has resulted in an increased need to

monitor indicator taxa and assess the impact of different forestry practices.

Carabid beetles (Coleoptera: Carabidae) have been used as indicators of overall forest

diversity in Europe and North America (Lenski 1982; Jennings et al. 1986; Martel et al.

1991; Duchesne and McAlpine 1993; Niemelä et al. 1992, 1993, 1996; Addison and

Barber 1991; Beaudry et al. 1997; Duchesne et al. 1999; V/erner and Raffa 2000, 2003;

Day and Carthy i988; Butterfield 1997; Magura et al. 2001). These beetles are so widely

used because they are relatively easy and cost effective to sample; their taxonomy is

stable and well understood with taxonomic keys available; and some species are known

to be sensitive to disturbances in forests (Werner and Raffa 2000). Most carabid beetles

are generalist predators, however some are relatively speciaiized (Currie and Digweed

1 ee6).



Several studies have reported that carabid beetle abundance, species richness and

diversity may be affected by timber harvesting (Jennings et al. 1986; Niemelä et al. 1993;

Duchesne et al. 1999; Werner and Raffa 2000). The vast majority of this research has

been conducted in coniferous forests, with relatively little information available on

deciduous and mixedwood forests. Only three studies in North America have previously

looked at the effects of timber harvesting on carabid beetles in hardwood forests (Werner

and Raffa 2000; Vance and Nol 2003; Moore et a1..2004). Vance and Nol (2003) reported

significantly fewer carabid beetles in recently harvested hardwood forests in Ontario.

Werner and Raffa (2000) reported no significant differences in species richness or

abundance, and few differences in diversity in hardwood stands in Wisconsin and

Michigan. Moore et al. (2004) reported that strip and clearcutting did not significantly

affect the the overall catch frequency of carabid beetles relative to undisturbed forests in

Quebec.

In Manitob a, the large-scale commercial harvesting of hardwood forests began in the

mid-1990s (Manitoba Natural Resources 1996). This activity was concentrated in the

Duck Mountain and Porcupine Provincial Forests. The objective of this study was to

evaluate the effect of timber harvesting compared to forest fire on the relative abundance,

species richness and diversity of carabid beetles in aspen dominated mixedwood forests.



l-iterature review

Aspen and the mixedwood boreal forest

The boreal forest is one of the world's largest ecosystems. It covers some 6.7 million

km2, includes one-third of the world's forested lands, and l4o/o of the world's forest

biomass (Kauppi and Posch 1985). In Canada, the boreal forest covers 2.6 million km2

(Danks and Foottit 1989) and is divided into three regions: the high-, mid- and low-boreal

(Scott i995). The mid-boreal forest is a transition between the temperate deciduous

forests in the south, and northem coniferous forests (Zoltai I9l5; Scott 1995). It is

charactenzed by a mix of ha¡dwood and softwood tree species and hence is also known

as the mixedwood boreal forest (Scott 1995). The mixedwood boreal forest stretches

from Minnesota, northward through central Manitoba, and northwest through

Saskatchewan and northern Alberta (Scott 1995). The southern boundary of the

mixedwood boreal is the southern limit of conifer distribution (Scott 1995); while the

northern boundary, as defined by Zoltai (1975) is where at least one, but not more than

three, of the four typical boreal conifer species is encountered; these include Picea glauca

(Moench) Voss fwhite spruce], Picea maríana (Mill.) B.S.P. þlack sprucel, Pínus

banl<siana Lamb. lJack pinel and Larix laricÌna (Du Roi) Koch.

The western edge of Manitoba is several hundred metres higher than the rest of the

province. This increase in elevation is the remnant of glacial Lake Agassiz's western

shoreline (Bird 1930). Today this elevated region is recognized as three distinct
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'mountains' in Manitoba, namely Riding Mountain, Duck Mountain, and Porcupine

Mountain. The two northem most 'mountains' of the escarpment (i.e. Duck Mountain

and Porcupine Mountain) are islands of mid-boreal forest surrounded by land that has

been converted for asricultural use.

Vegetation

The tree canopy in early successional stages in the mixedwood boreal forest is dominated

by the hardwood deciduous tree species Populus balsamifera L. þalsam poplar or black

poplar], Populus tremuloides Michx. [trembling aspen or white poplar] and to a lesser

extent Betula papyrifera Marsh. lpaper birchl (Looman 1987). While older stands are

dominated by coniferous tree species such as Picea glauca.

The biology and life histories of Populus tremuloides and Populus balsamífera are very

similar, and therefore both will be indicated by the term 'aspen'. Aspen is the most

widely distributed tree in North America (Stevens et al. 1999). In Canada, aspen accounts

for l0%o of the national forest inventory QY^brllion m3¡ lMorley 1986). In the Prairie

Provinces, aspen makes-up greater than 40o/o of the total forest cover (Manitoba Natural

Resources 2001).

Aspen is dioecious and clonal; most reproduction is vegetative with new stems arising

from the lateral roots of an established tree (Stevens et al. 1999). This reproductive

pattern results in stands where each tree is genetically identical to those with which it
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shares a common root system. These goups of genetically identical trees are known as

clones. Clones vary in size and longevity, but are capable of reaching large sizes. Stevens

et al. (1999) described a single mature aspen clone in Utah that covered 43 ha and had

47,000 stems with an estimated weight of 6 x t06 kg. More commonly, clones consist of

approximately 100 individual trees (Barnes 1966) and occupy I to 2 ha (Lindroth 1991).

Despite being genetically identical, variation does occur befween individual stems within

clones. Differences have been observed in susceptibility to fungi, insect outbreak, frost

damage and herbivory (Barnes 1966; Hwang and Lindroth,1997). Mature aspen are also

particularly susceptible to fungal white heart rot (Phellinus (Fomes) igniarius (L.)) as

well as many insect and disease pests (Bird 1930; Howse 1995).

Aspen are capable of seed production and new stems may be produced by germination.

Stevens et al. (1999) reported on an intense fire in Yellowstone National Park that killed

most of the aspen roots, resulting in an episode of aspen regeneration exclusively by

seeds by surviving trees.

Aspen is a fast growing, relatively short-lived tree, reaching maturity at 60 years old and

15 - 20 meters tall (Johnstone et al.2004). The majority of trees in a young stand do not

reach their maximum size due to intense intraspecific competition (Bird 1930). Aspen

will respond very quickly to disturbances, and usually grow 15-30 cm in the first year of

growth (Perala 1990). When the tops of trees are killed or removed, new stems quickly

arise from the lateral roots of the destroyed trees. Looman (1987) reported densities of up
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to 70 stems p"r *t within a few months of a forest fire, although fire severity does affect

the density of regenerating stands (V/ang 2003). Five- to ten-year old aspen stands remain

extremely dense, often exceeding 100000 stems per ha (approximately 10 per mt¡

(Johnstone et al. 2004). The density of mature stands in Manitoba ranges from 2500 -

6000 stems per ha (approximately 0.25 - 0.6 per m'¡, depending on the number of

coniferous stems in the same forest (Manitoba Natural Resources 2001).

A dense layer of deciduous shrubs is often present in the understory of aspen stands.

Common genera encountered in the shrub layer include Alnus [alder], Corylus fhazelnut],

and Prunus [cherry] (Bird 1930). Common herb species found at the forest floor include

Cornus canadensis L. þunchberryl, Fragaria vírgíniana Duchesne [common strawberry]

and Aralia nudicalis L. fwild sarsaparilla], the broad leaves of which often form a dense

layer approximately 30 cm offthe ground.

Disturbance

A disturbance is a discreet event that disrupts an ecosystem, community or population,

and aiters the resources, substrate or physical environment (White and Pickett 1985).

Disturbance prone ecosystems have a wider variety of age classes, vegetation types and

higher levels of biodiversity than comparable systems where disturbances have been

suppressed (Duchesne et aI. 1999).
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The initial impacts of disturbances are often quite obvious: new species become

established while others disappear. The habitat itself may be dramatically altered; for

example, an intense forest fire may destroy thick layers of leaf litter leaving behind bare

rock (Kimmins 1997). Disturbances can also have more subtle effects that are often

overshadowed by the more obvious impacts (Andersen 1990). Local extinctions resulting

from a disturbance may occur long after the disturbance and therefore go unnoticed and

unrecorded (Lindenmayer 1999). These and other smaller effects, such as reductions in

species abundance, are diffrcult to detect but may be just as important as more apparent

impacts.

Disturbances can be grouped into one of fwo categories depending on the origin of the

disturbance: natural or anthropogenic. Organisms have had thousands of years to adapt

and evolve responses to natural disturbances. The result is that a naturally disturbed

ecosystem often recovers quickly, and through succession a community that is similar to

the original is re-established. Anthropogenic disturbances are different. Most current

large-scale, uniquely human disturbances originate in the 20û Century and organisms

have had little time to adapt and evolve in response to the change in ecosystem conditions

they present.

Within the mixedwood boreal, the somewhat drier conditions that promote the

replacement of conifers by Populus tremuloídes and Populus balsamifera, also favour

fire (Scott 1995). The other major disturbance in this forest type is timber harvesting,
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where aspen are harvested for oriented strand board (OSB) or kraft paper (Froning 1980;

Scott 1995). As these forests mature, the hardwood species are gradually replaced by

slower-growing, shade-tolerant coniferous tree species including Picea glauca, Picea

mariana and Pinus banksiana (Looman 1987). In 80 - 100 year old stands, the conifers

may over-top the aspen and after 120 years, the aspen may have completely died out

(Scott 1995).

Succession

When an area is altered by a disturbance, it may be rapidly colonized by new species of

plants and other organisms. Many of these species influence the environmental factors of

the developing site, allowing additional species to become established. The sequence of

changes that occur following a disturbance is called succession (Pickett et aI. 1987; Krebs

1994; Ricklefs 2001). It is often assumed that specific organisms are adapted to recently

disturbed areas and that these organisms will be the first to establish themselves. This

view is partially correct, however it overlooks the importance of random colonization

events in newly disturbed areas (MacArthur and V/ilson 1967).

The original concept of succession was described by Cowles (1901) and later clarified by

Clements (1936); it is now known as facilitative succession (Ricklefs 2001). This type of

succession regarded the process as a movement towards a single end point, at which time

the system would be selÊsustaining and would remain at equilibrium until a ne\ry

disturbance reset the community to a primary successional stage. In facilitative
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succession, each successive species relies on environmental conditions that are created by

the species that preceded it (Connell and Slatyer 1977; Ricklefs 2001). The problem with

this view of succession is that it fails to consider the random nature in which species

colonize a disturbed atea, and may affect the composition of the climax community.

Other mechanisms of succession have been described to address the shortcomings of

facilitative succession (Connell and Slatyer 1977). Ricklefs (2001) describes the

inhibition mechanisms of succession where one species inhibits the presence of another.

Inhibition results in systems where the climax community is difficult to predict, and is as

dependant upon which species arrive first (precedence) as the environmental conditions

that pioneer species create (Ricklefs 2001). Research (summarized by Krebs 1994) has

shown that random colonization in successional events is a much more important factor

than previously considered, and that many communities never reach the predicted climax

communities (Mcleod 1980). Connell and Slatyer (1977) and Ricklefs (2001) describe a

the tolerance mechanism of succession, where the establishment of a species is

independent of the presence or absence of other species, and rather depends on the

dispersal abilities and physical conditions of the environment, and competitive exclusion

shapes the future of the community.

ln the mixedwood boreal forest, a stand-replacing disturbance results in dense stands of

sapling Populus tremuloides and Populus balsamifera (Scott 1995). Smithers (1961)

observed a fire in central Alberta, and reported that where P. nemuloides and P.
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balsamiferaand coniferous seeds germinate at the same time, the aspen grow much more

quickly, and therefore come to dominate the free canopy of these forests for

approximately 50 years (baring any further disturbances). In younger stands the

understory is dominated by shade-tolerant coniferous species such as Picea glauca.

Forest fire

Fire is an important disturbance in many ecosystems. In grasslands (Anderson 1992),

heathlands (Mallik and Gimingham 1985) some forest types (Johnson and Miyanishi

2004) fire is often the most common and influential disturbance. In grasslands, frequent

fires prevent the encroachment of trees, allowing the grasslands to persist (Brown 1985).

In many of the world's forests, including the boreal forest, fire has been the single most

persistent and important disturbance (Perry 1994). Fires bum an estimated 2.5 million ha

of Canadian forests each year (Government of Canada 1978 - 1995).

Forest fires are usually categonzed according to the uppermost fuel stratum through

which they burn (ground, surface or crown). Ground fires are limited to the soil, where

they burn the organic material and humus (Martell 2001). Surface fires burn the litter of

the forest floor and the shrub layer. These fires may result in some tree deaths, depending

on the intensity and severity of the fire. Crown fires consume the upper stratum of the

forest and are often very large, stand-replacing events (Perry 1994). In boreal forests,

stand-destroying crown fires occur at roughly 50- to 200-year intervals, and in very moist

sites, these intervals can reach up to 500 years (Bonnan and Shugart 1989). Frequent
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forest fires increase the number of potentiai plant and animai habitats over a large area,

resulting in higher levels of biodiversity ${iemelä et al. 1996). All fires, regardless of

size, share the common characteristic of being very patchy and random (Perrl, 1994).

This randoÍtness is due in large part to variations in site topography and weather

conditions during the fire, which can result in areas of unburned forest surrounded by

burned forest.

Fires vary in severity and frequency. The severity of a forest fire once it is ignited

depends on two factors: weather and fuel. Weather is probably the key determinant of fire

severity (Johnson and Larsen 1991). Historic records show that the most extensive

wildfires in North American forests occur during dry periods (Clark 1990). Wind

direction and speed direct the spread of the fire, leaving some areas with little damage,

while the vegetation in others is totally destroyed (Fryer and Johnson 1988). The

distribution and flammability of fuels are also important determinants of fire severity and

frequency (Perrl' 1994). Older forests contain more fuel in the form of lichens, which

may be very flammable (Boudreault et al. 2002; Rydgren et al. 2004), accumulated

deadfail and coarse woody debris, making them more susceptible to fire. Different plant

species can affect the degree to which the fire spreads through the crown. Some burn

readily and propagate fire, while others are less combustible and inhibit the spread of fire.

The overall flammability of a forest is influenced by a combination of the moisture

content (weather), the amount of fuel (stand age) and the chemical composition of the

trees (plant species) (Perry 1994).



When forests burn, the fire consumes woody and other dead plant material, kills or

injures vegetation and animal life, and produces residual mineral products that may

chemically alter the soil (Brown and Davis 1973). Depending on soil factors such as

moisture and soil type, a fire may burn only the leaf litter and humus; or it may bum the

entire organic layer down to rock or mineral soil (Kimmins 1997). Following a forest fire,

most of the organic matter that had been present on the site in the form of vegetation

remains on the site as ash. This material provides an important resource for the pioneer

species that initiate succession (Lee 1998).

Timber harvests

In North America, more forested area is harvested for timber than is burned by fire

(Kimmins 1997). Consequently, timber harvesting is now the major initiator of post-

disturbance forest succession fNiemelä 1999). There are several unique aspects of timber

haruesting that are not present in natural disturbances. The removal of surface material is

one of the most important differences between timber harvesting and natural disturbances

Q.triemelä 1999).In harvest, the removal of surface material reduces the coarse woody

debris left on the site (Niemelä 1999), which provides important habitat for many early

successional species (Simon et aL.2002). The heavy machinery commonly used in timber

harvests over the last 50 years may compact soil, limiting the growth of new plants and

damaging the roots of seed trees (Greacen and Sands 1980), although, the recent

T2
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introduction of new machinery that is very low-impact may help reduce the long-term

impacts of timber harvesting (Conway 1.992).

Timber harvests often leave the shrub layer relatively intact, causing the ground to be

more heavily shaded than after a forest fire, where the shrub iayer is frequently destroyed

(Johnstone et ai. 2004). Increased shade may alter the species that can become

established on the new site. Landscape characteristics such as topography do not affect

timber harvests in the same way they affect natural disturbances. On a larger scale, timber

harvests are also more uniform than natural disturbances (lttriemelä et al. 1993), which are

characteristically more patchy (Brown and Davis 1973). Historically, residues on

harvested sites are often pushed into large piles with tractors or bulldozers (a practice

known as windrowing). Windrowing has been repeatedly shown to reduce tree growth

after harvests compared to the effects of a natural disturbance (Atzet et al. 1989), and it is

no longer practiced in most provinces (Manitoba Natural Resources 2001).

There have been advances over the past 20 years in timber harvesting to reduce the

amount of damage that is caused to the site and vegetation. Among these improvements

are considerations for the habitat of specific animals and plants (Kurttila et al. 2002).

Using more modern (lighter) machinery, harvesting in the winter, or using soil

rehabilitation techniques can help to reduce soil compaction (Ilstedt et al. 2004). Careful

site planning restricts the amount of ground surface that is affected by heavy machinery.

Topping and de-limbing the tree at the stump, rather than at the roadside, ensures that
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more coarse woody debris remains on the site (Palik et al.2002). In several places, some

harvested sites are intentionally burned to better emulate a natural disturbance, a process

called 'prescribed burning' (Brunson and Shindler 2004; Fernandes and Botelho 2004).

These changes are part of the disturbance modeling approach to timber harvesting, which

attempts to emulate the effects of natural disturbances.

Carahidae

The Carabidae are one of the largest families of the Coleoptera, with over 35000 known

species (Tripplehorn and Johnson 2004). In North America approximately 1700 species

of carabid beetles in 150 genera have been recorded, making it the third largest

Coleopteran family (Triplehorn and Johnson 2004). In the Province of Manitoba,

approximat ely 320 speciesl have been recorded.

The taxonomy of the Carabidae is well understood and is relatively stable. Bousquet and

Larochelle's (1993) catalogue of the North American fauna is the most recent. One of the

most recent revisions is a reclassification of the Nearctic Pterostichini (Bousquet 1999).

Biology

Adult and larval carabid beetles are either omnivorous or carnivorous. Most carabid

beetles are generalist predators feeding on various insect larvae, Collembola, earthworms,

' This number is synthesized from Lindroth (1961-1969); Bousquet and Larochelle (1993); and Bousquet (1999)



I)

spiders, centipedes and isopods (Thieie 1977;Werner and Raffa 2000). Most predation

occurs on the ground amongst the leaf litter, but some species will climb trees in search

of food (Crowson 1981). Adults of most species are active at night, seeking refuge unde¡

stones and logs during the day (Loreau 1990). Breeding occurs in either the spring or

autumn, with spring breeders over-wintering as adults, and autumnal breeders over-

wintering as larvae (Dulge 1994).

Some species are capable of flight, and may be capable of flying up to 200 meters per day

(Matalin 1,99\;in other species, the wings are highly reduced. Species incapable of flight

are less likely to be pioneer species, and are more often associated with mature forests

(Atzet et al. 1989). In species capable of flight, younger beetles tend to spend more time

flying than older beetles (Matalin 1994). Younger beetles have higher reproductive

potential and therefore are more likely to successfully re-establish the species in disturbed

afeas.

Ecology

In the boreal forest, carabid beetles are an important part of the functioning ecosystem.

Apigian and Wheelwright (2000) considered a low density of carabid beetles to be 50000

- 250000 beetles per hectare. Carabid beetles play important roles in the regulation of

Lepidopteran defoliators and they are an important food source for some insectivorous

mammals (Crowson 1981). ln addition to the references provided below, Natural
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Resources Canada (2004) provides a list of many species of carabid beetles from Canada

and the habitats in which thev have been collected.

Not enough is known about the behaviour and ecology of carabid beetles to determine

why particular species are more abundant in some forests than others (Pearce et al. 2003).

This lack of knowledge is due in large part to the cryptic behaviour of most carabid

beetles, which include living in the soil, under stones, in moss and rotting wood, and

under leaves and bark (Loreau 1990). Studies in North American mixedwood forests

have consistently found a similar carabid beetle community (e.g. Niemelä et al. 1992,

1993; Digweed et ai. 1995; Werner and Raffa 2000, 2003; Pearce et al. 2003). Five

species in these communities were consistently among the most frequently caught:

Agonum retractum LeConte, Calathus ingratus Dejean, Platynus decentis (Say),

Pterostichus adstrictus Eschscholtz and Pterostíchus pensylvanicus LeConte.

Platynus decentis is a transcontinentai North American forest insect that is often found

under bark and logs (Lindroth 1961-1969; Niemelä et al. 1992). It is associated with

mesic to hydric deciduous forests (Lindroth 1961-1969; Epstein and Kulman 1990),

although it has also been recorded in coniferous forest stands (Holliday 1991). Wemer

and Raffa (2000, 2003) reported that P. decentis was most frequently caught in old

growth forests compared to younger forests. Platynus decentis is sometimes very

abundant relative to other carabid beetle species in the s¿ìme area (Niemelä et al. 1992;

Werner and Raffa 2000). This species has two distinct activity cycles per year (Bousquet
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at Pilon 1977). The first occurs during the spring, when reproduction occurs; the second

extends from mid-August to the end of October and mainly represents the adult offspring

from the first cycle (Bousquet at Pilon 1977). The adult is the only lifecycle stage that

overwinters. Lindroth (1961-1969) believed the wings of this species were too small for

the beetle to be capable of flight.

Pterostichus adstrictus has a circumpolar and t¡anscontinental distribution in North

America (Lindroth l96L-1969). It is one of the most common species of carabid beetles

in northern coniferous forests (Lindroth 1961-1969), although it is not restricted to

forests, and is one of the few carabid beetles where the adults can be described as 'habitat

generalists" (Niemelä et al. 1992). The preferred larvai habitat is coarse woody debris,

which provides protection from desiccation and temperature extremes (Goulet 1974).

Pterostichus adstrictus is also a generalist predator that feeds on plant material, snails,

and other small invertebrates (Digweed 1993). This species has a similar two-stage

activity cycle to Platynus decentis (Bousquet at Pilon 1977). The adults are most

frequently caught early in the summer and over-winter as adults.

Pterostichus pensylvanicus is morphologically very similar to Pterostichus adstrictus but

its distribution is restricted to North American (Goulet 1974). Llke P. adstrictus, P.

pensylvanicus is also a generalist predator (Digweed 1993) that prefers to live under dead

leaves and moss (Lindroth 196I-1969). Pterostichus pensylvanicus is a forest specialist,

preferring aspen forests (Niemelä et a1. 1992) with moist loose soil, which is preferred for
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oviposition (Goulet lg74). The preferred larval habitat is within leaf litter and in the soii

(Goulet lg74). Adults are most frequently caught early to mid-summer. Some individuals

are capable of flying.

Calathus ingratus is found across Canada and is one of the most common beetles in

northem coniferous forests (Lindroth 196l-1969). It is primarily a forest beetle, living

under dead leaves and moss (Lindroth 196l-1969). Like Platynus decentis,Niemelä et al.

(lgg¡) considered C. íngratus to be a forest generalist. Adults of this species have one

activity cycle per year, which takes place predominantly in the summer (Bousquet at

Pilon lg77). Reproduction takes place throughout the activity period, and overwintering

occurs in either the larval or an adult stage (Bousquet at Pilon 1977; Carter 1980).

While the four species listed above are often abundant in hardwood boreal forests, few

carabid beetle species have been identified as specialists of aspen forests. Species that

have been identified as aspen forest specialists include Agonum retractum, Calosoma

frigidum Kirby and Carabus chamisson¿s Fischer von Wadlheim Q'{iemelä et al- 1993).

Calosomafrigidumhas been found in all Canadian provinces. They over-winter as adults,

feed mainly on caterpillars, are very good flyers and are capable of climbing trees

(Lindroth 1961-1969). Adults of Agonum retractum, unlike many other members of the

genus, are forest specialist living under bushes and ferns (Lindroth 1961-1969). Some

individuals have wings large enough to fly. Adults are most frequently caught in mid

sum.mer and hibernate as adults. Carabus chamissottis is transcontinentally distributed in
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Canada and over-winters as an adult (Lindroth 1961-1969). This species has an

interesting dishibution, as it is found both on the tundra and in aspen forests.

Sampling

The literature includes many methods for sampiing adult carabid beetles, including litter

washing (Spence and Nieme\ä 1994), Tullgren funnels (Spence and Niemelà 1994),

quadrat counts (Greenslad e 1964), and a variety of passive trapping methods including

ramp traps, gutter traps and pitfall traps (Spence and Niemelä 1994). Litter sampling

involves placing samples of litter from the forest floor in containers of water, and

allowing beetles and other invertebrates to float to the surface where they are collected

(Spence and Niemelä 1994). Tullgren funnel sampling involves placing litter samples

from the forest floor under a heat source (usually a light bulb), which drives the

invertebrates into a preservative fluid (Pande and Berthet l97I). Quadrat counts provide

an estimate of absolute abundance for the time of sampling and involves sampling a

defined space and identifying all individuals of species of interest within that area

(Greenslade 1964). Passive sampling methods using traps usually involve the

establishment of several traps throughout the samplin g area. Traps may be submerged in

the soil, so that the top is flush with the ground surface þitfall traps, gutter traps) or may

use a ramp to provide access to the trap (ramp traps). Ramp traps are often used when the

traps cannot be submerged into the substrate, for example in rocky areas. Traps usually

contain a fluid that acts as a killing agent and preservative.
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Each method of sampling has its own biases and limitations. Litter sampling techniques

can provide estimates of absolute abundance (Spence and Niemelà 1994), but they are

relatively labour intensive, and the samples require rapid processing. Passive sampling

allows the researcher to leave traps in place, and return at a later date to empty the

contents. Pitfall trapping is the most common method of sampling carabid beetle

communities (Spence and Niemelä lgg4), due primarily to being inexpensive and labour

efficient. The numerous studies that have used pitfall traps to capture carabid beetles have

resulted in a large body of literature on the limitations of this method (Spence and

Niemelä lgg4).Variables that have been shown to influence the sampling effectiveness

of pitfall traps include: soil humidity and temperature (Briggs 1960); the vegetation

surrounding individual traps (Duffey 1972); trap diameter (Greenslade 1964); the shape

of the trap (Adis 1979);trap construction material (Adis 1979); the presence of a cover

over the trap and its size and shape (Adis L979); and the type of killing-preservative

agent (Adis 1979). Wemer and Raffa (2003) include insect size, activity, habitat structure

and season as factors that may also affect pitfatl trap catches. Pearce et al. (2003) stressed

the importance of soil disturbance around pitfall traps,. This "digging-in" effect

(Greenslade 1973) is greater in aspen and mixedwood forests than in forests with a floor

of sphagnum, and may result in increased catches of some species (Pearce et al. 2003).

Pitfall trap catches rely on both population density and an organism's activity to provide

a measure known as activity-density (Thomas et al. 1998). Th" catch frequency of

individual species may be correlated with relative abundance (Desender and Maelfait
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1986), but pitfall trapping does not provide information on the absoiute abundance

because catches are dependent on activity (Spence and Niemelà 1994). Pitfall trapping

may provide adequate data for comparing relative catch frequency between areas

sampled with the same method (Desender and Maeifait 1986), so long as factors affecting

activity-density are understood. These factors include temperature, prey density, hunger

level, or reproductive state (Thomas et al. 1998). Pitfall trapping tends to underestimate

carabid beetle density, especially during walmer, drier months (Spence and Niemelä

lggq).Compared to litter sampling, pitfall trapping is also biased towards larger-bodied

species of carabid beetles because a larger beetle will tend to cover more ground and

therefore is more likely to encounter (and fall into) a pitfall trap (Adis 1979). Pitfall traps

may provide a better estimate of arboreal species than litter sampling techniques,

especially for species that return to the ground at night and other nocturnal species (Crins

1e80).

Analysis

Biodiversity and biodiversity measures

The literature seems to have an endless number of definitions for the term 'biodiversity'.

Niemelä (1999) has described it as essentially a measure of the amount of heterogeneity

in nature. Ecological diversity is difficult to define because it consists of two elements:

the number of species (or 'species richness') in a habitat and the relative abundance of

each species (or 'evenness') (Magurran 1983). Areas with more species and an equal
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number of individuals within each species are generally considered to be more

biologicaily diverse than areas with fewer species, or when a few species account for a

great proportion of individuals (Wilson 1992).

In ecosystems that experience frequent disturbances, high levels of landscape biodiversity

act as buffers against disturbance (Wilson 1988). The more species that are present, the

higher the likelihood that the disturbed site will be able to retum to a pre-disturbance

level of diversity (Wardel et al.2004).

Numerous methods of measuring biodiversity have been presented in the literature.

Excellent reviews of the measurement of biodiversity are provided by Pielou (1975),

Southwood (1978), Magurran (1988) and Krebs (1989). There are other measures and

types of biodiversity beyond those discussed here. Kimmins (1997) provides a review of

other types of diversity, including genetic and regional diversity.

In ecological research, two of the most commonly measured types of diversify are alpha

diversity (o) and beta diversify (P). Alpha diversity is a measure of diversity within a

single habitat (in forests, this is often referred to as the stand level) (MacArthur 1965:'

Whittaker 1977). Beta diversity is the degree of similarity between habitats (in forests,

this is often referred to as the landscape level) (MacArthur 1965; Whittaker 1977;

Thomas 2001).
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Biodiversity measures

Species richness is the number of species in a given are4 and is currently the most widely

used measure of diversity (Gray et al. 2001). Relative species abundance in a community,

or'evenness', is another element of diversity (t{urlbert l97l). The slope parameter of the

log abundance of each species plotted against rank is one method of determining

evenness. Values range from 0 to -1. A slope closer to 0 indicates that all species were

present in relatively equal (or 'even') numbers, while a slope closer to -1 indicates the

disparity between the relative abundances of individual species (Southwood and Brown

1979; Ãlatalo 1981). Sampled areas with evemess values that are closer to 0 are

generally considered to have higher levels of biodiversity. Values represent the evenness

of individual sites and should be considered in conjunction with the species richness

(Gray et al. 2001).

Numerous proportional abundance diversity indices have been developed to indicate

alpha diversity (for examples see Hill1973, Magunan 1988). One of the most commonly

used measures of alpha diversity is Fisher's u statistic, also known as the log-series o

(Fisher et al. 1943). The log-series o represents the number of species and the number of

individuals within each species. Sampled areas with more species and more individuals

within each species have higher log-series o values (and are considered to have higher

levels of biodiversity). Taylor et al. (1976) considered the log-series o superior to

Simpson's index and the Shannon-V/einer statistic in some situations because it is less

sensitive to sample size than either of these other two measures. A weakness of the log-
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series o, is that although sites with greater evenness (see below) are usually considered

more diverse, the o, value may potentially be higher in a site that shows greater

dominance (Magurran 1988). The log-series u, is calculated using two equations: The first

equation calculates the parameter x using iteration (which may range from 0 to 1, but in

practice is almost always between 0.9 and 1.0 (Magurran 1988)):

r(- ln(l - x))

Where ,S is the total number of species in the site, and N is the total number of

individuals in the site.

The second equation calculates the parameter a:

s/t/: (1 -")

x

Where N is the total number of individuals in the site, and x is the value that was

derived in the previous equation.

The Shannon-Weiner index (or Shannon index) is another commonly used measure of

alpha diversity. The Shannon index incorporates both species richness and evenness.

Values range between 1.5 and 3.5, and higher values indicate higher biodiversity

(Magunan 1988). This index assumes that samples are randomly collected from an
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infinitely large population, which limits its application in some situations (Magurran

1988). For example, different moth species are attracted to light traps with different

frequencies (Southwood 1978), therefore the Shannon index would not be appropriate for

data collected in this manner. The Shannon index is better suited to stationary organisms

and is commonly used with percent cover data of plant species. The Shannon index (or

H') is calculated using the following equation:

Wherep¡ is the proportional abundance of the ith species.

The Berger-Parker index is an alpha diversity measure that evaluates the level of species

dominance in the sample, expressing the proportional importance of the most abundant

(dominant) species (May i986). Vales range from 0 to 1; highervalues indicate greater

single-species dominance, and therefore lower diversity (Magurran 1988). One of its

strengths is that it can be used when sample sizes are small. May (1975) considered the

Berger-Parker index to be one of the more useful indices, particularly when used in

conjunction with the Shannon index. The Berger-Parker index (or d) is calculated using

the following equation :

H,: -Lo,ln p¡

Where Nis the total number of individuals and N,,., is the number of individuals

in the most abundant species.

d- N,ou"

¡/



Beta diversity is also referred to as differentiation diversity or landscape diversity. While

alpha diversity indices provide a value for each particular site, beta diversity indices

provide a value that describes the level of similarity between two sites. Beta diversity

indices can be particularly useful when used to compare similar habitats that have

experienced two different disturbance types.

Beta diversity indices can be qualitative (exclusively presence/absence species data) or

quantitative (species and their abundances)- Values for beta diversity show the degree of

similarity between two sites, with higher values indicating a greater degree of similarity.

Values for some indices, such as the Jaccard index of similarity, range from 0 to L When

the value is 0 the two sites have no species in common; when the value is 1, the two sites

have identical sets of species (Magurran 1988). The Jaccard index (or C¡) is calculated as

using the following equation:
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Where j is the total number of species in both sites, ø is the number of species in

Site A, and å is the number of species in Site B.

The Jaccard index is an effective and widely used qualitative beta diversity index

(Magurran 1988). As with all qualitative measures, the primary shortcoming of the

Jaccard index is that it does not consider species abundance and could potentially indicate

C,:
(o+b- j)
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that two sites are very similar, when the structure of their communities (i.e. relative

abundances of species) is actually very different (Magurran 1988). The index is a

proportional value based on the number of species that the two sites have in common.

Beta diversity values such as the Jaccard index cannot be analyzed using statistical

procedures that rely on differences in variance. These methods, such as analysis of

variance, are not applicable because beta diversity values are not derived independently

of each other (Pielou 1984). Ciuster analysis, a method frequently used by systematists,

has been used with The Jaccard index values (Saravia et al. 1998; Paulitz and Adams

2003). Cluster analysis attempts to group samples into sets (clusters), which can be based

on the degree of similarity. The goal is that these clusters wili correspond to feafures of

the data set (Gower 1967). Hierarchical cluster analysis is one of the most commonly

used methods of cluster analysis and is recommended when the sample size is less than

200 (Wilkinson et aI.2004). Cluster analysis results in diagrams that have the appearance

of branching trees, the more similar two samples are, the closer together they occur on

the tree. Distances between samples vary depending on the data being used, however

with the Jaccard index, actual values are used to represent the degree of similarity

(distance) between samples (Paulitz and Adams 2003).

Alpha and beta diversity are independent measurements, and two areas with high alpha

diversity values may have a low measure of beta diversity (Kirnmins 1991). The most

reliable way to measure biodiversity, from a research perspective, is to use several
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measures and have a good understanding of the strengths and weaknesses of each. By

carefully choosing several diversity indices, a tiling effect is created whereby the

weaknesses of one index are covered by the strenglhs of another (Magurran 1988).

Temporal diversity refers to changes in biological communities over time (Kimmins

1997). Diversity components such as species richness and evenness are used to show

changes in temporal diversity. Temporal diversity may apply to changes over a single

year or growing season, to changes over decades, or even centuries (Kimmins 1997). A

practical means of studying temporal diversity is to examine differences in similar

environments that were altered at different, known intervals, a technique known as static

age class research or chronosequencing (Wardle ef aL.2004). For example, the effect of

forest fire could be studied by working in similar forests that were burned in 1950, 1975

and 2000. This method would permit a relatively rapid assessment of processes that

would have otherwise taken 50 vears or more.

Ordination analys¡s

Over the past 30 years, the use of multivariate statistics has expanded tremendously

(Grossman and Nickerson 1991; Kenkel et aL.2002). Ordination analysis is a method of

multivariate analysis that represents multivariate data in two-dimensional space, while

maximizing the amount of trended variation (Pielou 1984; Kenkel et aL. 2002).

Ordination serves to summarize cornmunity data (such as species abundance data) by

producing a low-dimensional ordination space in which similar species and samples are
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plotted close together, and dissimilar species and samples are placed far apart. Ordination

analysis also provides a means to simultaneously consider multiple data sets and look for

correlations between them. The results of these analyses are presented graphically in

relation to one or more ecological gradients, or to abstract axes that may represent such

gradients (James and McCulloch 1990).

Generally, ordination techniques are used to search for relationships between species

composition pattems and underlying environmental gradients that influence these

patterns, in effect asking: '\vhat factors structure the community?" (Jackson 1993).

Ordination analysis attempts to simplify and graphically represent multiple raw data sets,

with the hope of illuminating relationships among species, plots and environmental

variables. Results are usually presented graphically as a biplot. The horizontal (first) axis

usually expresses the greatest amount of linear variation in the data, and the vertical

(second) axis usually expresses the second most linear variation.

The relative strength of the relationships between the variables that are presented is

inferred from the eigenvalue associated with each axis. When displayed on biplot

diagrams, eigenvalues are usually scaled so that they range from 0 to I and indicate the

proportional amount of variance accounted for by a particular axis (Kenkel et al. 2002).

Axes with high eigenvalues explaín a high percentage of the variation in the data.

Correspondingly, greater confidence can be placed in the reiationships expressed by axes

with high eigenvalues. As the fype of datathat ecologists anaTyze varies so considerably,
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there is no single recognized eigenvalue above which the relationships are considered

significant (Jackson 1993). An implicit assumption when using ordination techniques is

that researchers are able to distinguish meaningful patterns from random noise. These

distinctions are based on (1) the number of variables; (2) the structure of the correlation

matrices; and (3) the strength of the intervariable correlations (Jackson 1993). To avoid

spurious correlations, it is important to confirm the relationships suggested in the analysis

by referring back to the original data.

Principle component analysis

Principle component analysis (PCA) was one of the earliest ordination techniques applied

to ecological data and remains one of the most widely used methods of ordination

analysis (Jackson 1993; Kenkel et aL.2002). Both species and site ordinations result from

a single analysis (James and McCulloch 1990). The results are graphically represented on

a biplot where the amount of separation between two sites represents their level of

similarity. Sites with similar species composition are grouped closer together than sites

with different species composition.

PCA allows ecological researchers to look for similarities in response to different

disturbances among multiple sites. Interpretation of PCA outputs in these cases usually

involves identifying groupings of sites, which would indicate that they are responding to

the disturbance in a similar way.
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R.edundancy analysis

Redundancy analysis (RDA) is a method of ordination analysis that incorporates the

responses of species to environmental variabies (ter Braak and Smilauer 2002). RDA is

essentially a more controlled version of PCA where species are constrained by designated

environmental variabies (ter Braak 1987; Legendre and Legendre 1998). The resulting

output displays the relationships of species and sites, as well as the incorporation of

environmental variables. As with PCA, the results of RDA are presented graphically on a

biplot. The environmental variables are often displayed as arrows originating from the

centre of the diagram; longer arrows indicate a more significant variable.

RDA permits the simultaneous examination of environmental variables, sites and species.

It allows the researcher to connect species responses with specific environmental

variables and relate those responses to other environmental variables.



Materials and Methods

Description of general study area

This study was conducted in central western Manitoba befween May 2000 and September

2002. Study plots were located in Duck Mountain Provincial Park, Duck Mountain

Provincial Forest and Porcupine Provincial Forest (Table i) (Figure 1), which lie within

the boreal plains, an ecotone befween the boreal shield and prairie ecoregions (Scott

1995). A mixture of hardwood and softwood tree species characterizes this ecotone. The

dominant tree species are trembling aspen (Populus tremuloides), balsam poplar (Populus

balsamifera), and white spruce (Pícea glauca). The two former species tend to be

dominant on south-facing slopes, which are drier, while the latter tends to be dominant on

north-facing slopes (Grossnickle 2000). Duck Mountain and Porcupine Mountain are part

of the Manitoba escarpment, an upland region where elevations range from 670 m to

greater than 190 m. The geomorphology consists of a hummocky moraine with steep

slopes on the eastern edges of the upland and gradual slopes to the west (Knapik et al.

1988). Surface materials consist mostly of stony, calcareous till. Depressions are cofirmon

and are often poorly drained, frequently resulting in the presence of shallow bogs

(Ituapik et al. 1988).
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The soils of this region are Gray Luvisols (Zoladeski et al. 1995), which are characterized

by eluvial and Bt horizons. They usually have L, F and H horizons and may have a

degraded Ah or Ahe horizon (Soil Classification Working Group i998).



The nearest weather station to the study area is located in Swan River, Manitoba (52o3'N,

101o13'W) within 65 km of all study plots. Appendix I shows the daily maximum

temperatures, minimum temperatures, and precipitation for 2000, 2001 and 2002, as well

as the 30-vear averases.

Experimental design

The intent of this study was to compare the effects on carabid beetles of timber

harvesting with those of a natural disturbance (forest fire) in aspen forests. 'Within each of

these disturbance fypes, forest stands of three different age classes were identified for the

purpose of this study. Years of disturbance v/ere 1967, 1980 and 1995 for harvested

forests. and1932.1961 and 1980 forburned forests.

For clarity, the term 'site' refers to a forest stand that experienced the same disturbance in

the same year. Sites were coded according to disturbance type and the year the

disturbance occurred. For example, site 832 burned (B) in 1932 (32). The term 'plot'

refers to individual sampling a¡eas within sites. Plots were designated by the site code,

followed by an individual plot code. For example plot B32Al was plot Al within the 832

site. Plots were labeled AI, A2, Bl or B2; plots Al and A2 were generally closer to one

another, as were plots Bl and Bz. Table I shows the number of plots within each site. The

term 'paired sites' refers to two sites that experienced different disturbances (i.e. bum and

harvest), at approximately the same time (e.g. 880 and H80). In order to determine

aa
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whether the carabid beetle community responds differently to timber harvesting than to

forest fire, much of the statistical analysis involves the comparison of paired sites. These

pairings are: the 880 site with the H80 site, and the B61 site with the H67 site. Statistically

significant differences between paired sites would indicate that the carabid beetle

community may have responded differently to timber harvesting than to forest fire.

The time since disturbance for all plots was initially assessed using forest inventory maps

provided by Manitoba Conservation's Forestry Branch, and were later confirmed using

tree core samples. The longitude, latitude and elevation of all plots were determined

using a Garmin GPS model 76.

Individual plots measured 70 m x 60 m (Figure 2); this size was dictated by the smallest

timber harvest cut-block in which a plot was established. Each plot was subdivided by a

numbered grid that was marked every l0 metres. The outer edges of plots were a

minimum of 20 m from the nearest discontinuity such as a road, and a minimum of 500 m

from those of the next study Plot.

Vegetation sampling and measurement of environmental

variables

Vegetation sampling was conducted in 2001. The plant community was stratified into

tree, shrub and herb/moss layers. All woody vegetation greater than 2 m high was

considered to be in the tree stratum. All woody and herbaceous vegetation less than 2 m,
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but greater than 30 cm high was considered to be in the shrub stratum. All vegetation,

including moss, less than 30 cm in height, was considered to be in the herb/moss stratum.

The tree stratum was sampled in five randomly-chosen 10 m x 10 m quadrats in all plots

except for the H95 site. In the H95 plots the tree stratum was composed of a dense growth

of small saplings, so was sampled in five 2 m x 2 m quadrats. Quadrat locations were

determined using a random number table to locate a point on the plot grid, and the

compass direction from that point. Within each quadrat, the species, height and diameter

at breast height (DBH) were determined for each tree except in the H95 plots, where

DBH was not measured. DBH was measured using DBH calipers, and height was

measured using a clinometer. Tree age was determined by taking a core sample from two

trees per quadrat. Samples were taken approximately 30 cm from the base of each tree.

This height avoided stem rot at the base of trees (which is common in aspen), and while

limiting the number of growth rings missed to approximately two (Peraia 1990). Trees

that were selected were judged to have been representative of the quadrat, based on

species and DBH.

A common method of classifuing small areas of forest by vegetation and soil type is

through the use of vegetation types (v-types). V-types use dichotomous keys to classifu

10 m x 10 m forest areas according to overstory, shrub and herbaceous plant species

composition, as well providing information on common soil types and acceptable

management practices (Zoladeski et al. 1995). Although forest vegetation changes
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continuously along gradients, this method of classification provides a standardized means

of describing and comparing forest stands. This model of forest classification is used by

the forest industry in most Canadian provinces, and the inclusion of v-types facilitates the

application of results by forestry companies and govemments (Coms and Annas 1986;

Sims et al. 1989). The vegetation type (v-type) of each tree sampling quadrat was

identified according to Zoladeski et al. (1995).

Except in the H95 plots, canopy cover was measured to the nearest 5% using a Model C

densiometer (Lemmon 1956). Measurements were taken in the centre of each tree

sampling quadrat, with the densiometer held at a height of approximately 1.5 m.

The shrub stratum was sampled using ten 2 m x 2 m quadrats in each plot. Quadrat

locations were selected using a random number table to locate a point on the plot grid; the

compass direction and number of steps to the quadrat location from that point were also

determined using the random number table. All shrubs were identified to species, the

height of each plant was measured and the percent cover of each species was estimated to

the nearest 5olo.

The herb/moss stratum was sampled using ten I m x 1 m quadrats in each plot. Quadrat

locations were selected in the same manner as for shrub quadrats. In each quadrat, the

two most abundant species by percent cover were identified as well as the total percent
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cover of all herbs and mosses in the quadrat. Members of the family Poaceae were

designated 'gïass', and were not identified to genus or species'

Light intensity was measured August 13-15, 2002, within each plot at 10 random

locations using a Gossen Tri-Lux foot-candle meter fGlossen GMBH, Erland, Germany]

held at a height of approximately 1.5 m. Locations were selected using a random number

table to locate a point on the plot grid; the compass direction and number of steps to the

sampling location from that point were also determined using the random number table.

Light intensity was measured on sunny days with minimal cloud cover. To standardize

light intensity measurements, a reading was taken outside each plot in an open area

(usually a roadway) that was used as a maximum light intensity value, and readings \¡/ere

recorded as percentages of the maximum light intensity. Care was taken to ensure that in-

plot readings were taken in similar cloud cover conditions as the open area reading.

Carabid beetle sampling and identification

Adult carabid beetles were sampled in 2000, 2001 and 2002 on sampling dates shown in

Table 1. Not all sites were sampled each year, and sampling was conducted over three

years to ensure that all sites were samples at least two years (Table 1). Carabid beetles

were sampled using pitfall traps, which consisted of two 413 cm3 (16 oz.),8 cm diameter

plastic cups, one inside the other. This two-cup design minimized the disturbance to the

area surrounding the trap while its contents were being removed. The traps were set so

that the top of the inner cup was flush with the ground. Surrounding vegetation and leaf
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litter were left undisturbed. A plywood lid measuring approximately 10 cm x 10 cm

covered each trap. The lids were elevated approximately 3 cm off the ground by 6 cm

nails, one in each corner. Traps were filled approximately one-half full wlth 33%

methanol (blue windshield wiper fluid) mixed with water in an approximately i:1 ratio.

This fluid acted as a killing agent and preservative.

Twelve pitfall traps were placed in each plot, in a 4 x 3 grid (Figure 2). The outer pitfall

traps were located 20 m inside the edge of the plot, and the distance between adjacent

traps was 10 m. Traps were emptied every two weeks, except in August 2000, when a

flooded road delayed the collection of the H67 site for two weeks, and resulted in a four

week interval.

Carabid beetles were identified using the keys of Lindroth (1961-1969). Taxonomic

information was updated using Bousquet and Larochelle (1993). Dr. Y. Bousquet of

Agriculture and Agri-Food Canada, Ottawa, identified specimens that could not be

identified by the author.

Data analysis

Plot comparisons and pooling of data

Although three age classes were established in each of the two disturbance categories,

only in the 1980 and 1961167 age classes were burn and harvest plots of sufficiently
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similar age available for comparison. Therefore calculations that involve pooling data by

disturbance type exclude the 832 and H95 plots'

Vegetation

Tree density (stems pe. -2;, the number of species in the tree stratum, the percentage of

trees that were either Populus tremuloides or Populus balsamifera arrd the percentage of

trees that were coniferous (Picea glauca, Picea mariana, Pinus banlæiana, or Abies

bqlsamea (L.) Mill.) were used to describe the composition of the tree stratum. Prior to

analysis, the mean tree density was transformed (logro) to satisff assumptions of

normality and homogeneity of variance. The normality of all data, and hence the decision

whether to log transform data, was assessed by examining the shape of the data sets (e.g.

kurtosis, skewness), the one-sample Kolmogorov-Smirnov test and by determining

Levene's statistic for use in ANOVA. Except for the H95 plots, the log-series s was used

as an index of alpha diversþ for the tree stratum. Light levels and canopy cover were

used to indicate the density of the canopy. One-way Analysis of variance (ANOVA) with

using SySTAT General Linear Model (GLM) (Wilkenson 1993) was used to determine

the effects of plot age and disturbance type on these variables. Contrast analysis was used

to explore the differences between disturbance types within age classes. The coeffrcient

of variation (c.v.) in the light intensity and canopy cover measurements within individual

plots were calculated as follows:

c.v. =lgl xroo
\r/



'Where: o is the standard deviation of the sample, and x is the mean.

The stem density, the percent cover of the shrub stratum and the number of species in the

shrub stratum were used to describe the composition of the shrub layer. The Shannon-

Weiner index (May I975) was used to quantiff the alpha diversity of the shrub layer, and

was calculated using Bio-DAP software (Thomas 2000). ANOVA was used to determine

the effects ofplot age and disturbance type on these variables.

Carabid beetles

Carabid beetle data was entered in Microsoft Excel following the format described in

Thomas (2001). The number of carabid beetles caught and the number of species of

carabid beetles caught were used to indicate relative abundance and relative species

richness in all plots. Tables present actual values, however, for a1l analyses involving the

number of carabid beetles, values were transformed (logto) to satisff assumptions of

normality and homogeneity of variance. Alpha diversity was estimated using the log-

series a diversity index (May 1975). Evenness was calculated using the slope parameter

of a rank log abundance plot (Southwood and Brown 1979). Species dominance was

calculated using the Berger-Parker index (Berger and Parker 1970). Beta diversity was

measured using the Jaccard index of similarity (Southwood 1978). The Jaccard values for

site-to-site comparisons are means of all possible plot-to-plot comparisons between the

two sites being compared. Diversity statistics, including the log-series u, the Berger-

40
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Parker index, and the Jaccard index were calculated using Bio-DAP software (Thomas

2oo0).

Conventional methods of estimating variance, such as standard elror, are not applicable

to comparisons among more than two Jaccard index values. 
'When Jaccard index values

are calculated, one site is half the pair multiple times, and therefore values are not

independent of one another (Magunan 1988). This lack of independence between

individual values invalidates the use of methods such as ANOVA. Consequently, tables

which display mean Jaccard index values display the minimum and maximum values that

contributed to the mean as an indicator of variation.

The most frequently caught carabid beetle species in each of the three collecting years

were determined using the number of individuals from paired sites only (i.e. the 1980 and

196116l sites). Individual species were selected if their catch was greater than l% of the

total catch for that year from paired sites only.

The presence of a1l species that were caught predominantly or exclusively within a single

plot was analyzedusing the Poisson distribution. The probability of randomly catching an

individual of a given species (I) was the total number of individuals of that species

caught, divided by the total number of plots that were sampled that year. If the Poisson

probability of a species being caught in its actual frequency within a specific plot was
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less than 5o/o, its distribution was determined to be potentiaily non-random. Analysis was

performed using the following equation:

Where: P¡p¡ is the probability of /r occurrences given that f is the probability of

randomly encountering a given species in a plot.

Univariate analys¡s

ANOVA was used to determine the significance of the effect of time since disturbance

and disturbance type on the following vegetation variables: stem density of the tree

stratum and stem density of the shrub stratum; the number of species in the tree stratum

and the number of species in the shrub stratum; the log-series cr of the tree stratum;

percent canopy cover; percent iight intensity; percentage of tree stratum stems that were

Populus spp.; the percent cover of the shrub stratum and the percent cover of the

herb/moss stratum. ANOVA was also used to determine the effects of time since

disturbance and disturbance type on the catch of carabid beetles; the number of species of

carabid beetles; the log-series o, index for carabid beetles; evenness; and the Berger-

Parker index. One-way Analysis of variance (ANOVA) with using SYSTAT General

Linear Model (GLM) (Wilkenson 1998) was used to determine the effects of plot age and

("-^)u.o )
kl
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disturbance type on these variables. Contrast analysis was used to explore the differences

between disturbance types within age classes.

Paired t-tests were used to determine whether disturbance type affected individual species

of carabid beetles in paired sites.

Multivariate analysis

Analysis of the Jaccard index values was performed using hierarchical clustering

(Wilkinson 1998). Data were saved as a similarity matrix so that the actual values would

be used as distances in the analysis. Average linkage, as opposed to centroid or single

linkages, was used because it best represented the raw data.

Unless otherwise specified, all indirect gradient analysis was performed using CANOCO

for Windows software version 4.5 with default settings (ter Braak and Smilauer 2002).

All species matrices were transformed (y' : logro [y + 1]) using the log transformation

option in CANOCO.

Detrended correspondence analysis (DCA) using detrending by segments was performed

on all data sets prior to further ordination analysis. As the resulting gradients never

exceeded 4 standard deviation units in length, linear species response models were

indicated (ter Braak and Smilauer 2002) and so further analyses assumed a linear

response model. Principle component analysis (PCA) was used for unconstrained
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analyses and redundancy analysis (RDA) was used to examine the relationship between

species distributions and environmental variables. In PCA of the tree and shrub strata, log

transformed data were used in an effort to reduce the dominating effects of the most

abundant species. In PCA of carabid beetles, log transformed data were also used. For

carabid beetles, the three sampling years were analyzed separately.

In all RDA, Monte Carlo permutation tests were used to determine the significance of

relationships between environmental variables and the species data. For each test, 499

permutations were randomly generated, and variables with p<0.05 were considered

significant (ter Braak and Smilauer 2002). The continuous environmental variables that

were tested with carabid beetles using this method included: tree age, the number of tree

species, the percentage of the trees that were Populus spp., the mean canopy cover, the

mean light intensity, the Shannon-Weiner index for the shrub stratum, and the percent

cover of the herb/moss stratum. These variables were selected because they provided the

best estimates of the vegetation composition in all three strata, while minimizing overlap

between multiple variables. Using forward selection, only significant environmental

variables were retained in these analyses and are displayed on RDA figures.

In RDA of carabid beetles and treatment variables (i.e. time since disturbance and

disturbance type) only paired sites were used in the analyses. Using unpaired sites in

these analyses would have made for a non-orthogonal design, impeding the ability to

discriminate between the effects of time since disturbance and disturbance type. All other
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RDAs used all plots in the analyses; however, the unbalanced study design should be

taken into account when these analyses are considered. Disturbance type and age class

were displayed as nominal variables. Monte Carlo permutation tests were used to

determine the significance of relationships between carabid beetles and treatment

variables, but forward selection was not used on treatment variables and all are displayed

on RDA figures.
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Table 1: The disturbance type, year of disturbance, location, elevation,

Disturbance Year of Latitude rN)type disturbance

and dates of carabid beetle sampling for all plots.

Longitude Elevation Locationl pitfail pitfail(w) (m) 
,.Ïffåo .."[Tåo

20012000 2002
Pitfall Pitfall Pitfall
traps traps traps

removed installed removed

Site Pitfall
¡-^^-
u dPù

installed

861 86142 Burn
86181 Burn

1 961
.10^l

51038.699' 100'53.9'16' 774
51040.963' '100054.983' 744

52018.689' 101030.226' 638
52"19.660' 101"33.268' 632

51048.942' 101018.167' 649
51048.490' 1010fi.422' 640

DMPP July 4 Aug. 30 May 22 Aug. 1B Not Sampled
DMPP July 4 Aug. 30 May 22 Aug. 18 Not Sampled

PMPF July 4 Aug. 30 May 22 Aug. 18 May 22 Aug. 14
PMPF July 4 Aug. 30 May 22 Aug. 18 May 22 Aug. 14

DMPF July 4 Aug. 30 May 22 Aug. 18 Not Sampled
DMPF July 4 Aug. 30 May 22 Aug. 18 Not Sampled

880

H67

88042 Burn 1980
88081 Burn 1 980

H67A2 Harvest 1967
H67B1 Harvest 1967

H9581 Harvest
H9582 Harvest

1995 51048.662' 101018.426', 640
1995 51036.191' 101"28.389' 718

July 4 Aug. 30 May 22 Aug. 18 Not Sampled
Not Sampled May 22 Aug. 18 Not Sampled

H9542 Harvest 1995 51053.966' 101011.267' 598 DMPF
DMPFH95

DMPF July 4 Aug. 30 May 22 Aug. 18 Not Sample9

t DMPP - Duck Mountain Provincial Park: DMPF - Duck Mountain Provincial Forest; PMPF - Porcupine Mountain Provincial Forest



Figure 1: Research area and location of study plots.
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Results

Vegetation

A list of all species from the tree, shrub and herb/moss strata sampled in this study is

provided in Appendix II, which also shows the density of each species in the t¡ee stratum

and the percent cover of all plants in the shrub and herb/moss strata. Appendices III, IV

and V present details of vegetation measurements for bum and harvest plots, and means

for each site respectively. Stem counts and mean percent cover for all species from the

tree and shrub strata for each plot are shown in Appendix VI.

Vegetation types

Table 2 shows the vegetation types (v-types) from al1 plots (Zoladeski et al. 1995).

Appendix VII, based on Zoladeski et al. (1995), summarizes v-type characteristics. The

most common v-rype was 'Aspen hardwood' (V5), which was characteristic of all plots

except 832A2 and four quadrats each in B6IB2 and 88041 (Table 2). 'Aspen hardwood'

sites are charactenzed by an overstory that is dominated by Populus tremuloides, a shrub

Tayer of Amelanchier spp. and an herbaceous layer of Aralía nudicaulis (Appendix VII).

The occurrence of Pinus banl<siana and Picea glaucain plot B3lA2resulted in v-types

that differed from those that occured in the rest of the plots (Table 2). Plot B80Al had a

high abundance of Betula papyrifera (Appendix VI), resulting in four of five quadrats

beine classified as ''White birch hardwood and mixedwood' (V4) (Table 2). All v-types

49
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identified in this study fall within a moisture regime of 'moist' to 'fresh' and are

considered nutrient rich (Zoladeski et al. 1995).

Tree stratum

In 19 of 20 plots, Populus tremuloides was the most common species in the tree stratum,

and in B80Al it was the second most common tree stratum species (Appendìx II). In 10

plots, Populus balsamifera was the second most common tree stratum species. Three

plots, 86141, B6182 and 832A2, had either Pinus banksiana or Picea glauca as the

second most common tree stratum species. Relative to all other plots, B80Al had a high

abundance of Betula papyrifera.

Six tree stratum variables were statistically compared (Table 3). Three of these variables

were significantly afFected by time since disturbance: stem density and light intensity

were higher in the 1980 plots; while canopy cover was higher in the 1961167 plots (Table

3). Stem density was higher in the bum plots and was the only variable that showed a

disturbance effect (Table 3). Stem density, the number of tree species, and log-series a

each showed a significant interaction between disturbance type and time since

disturbance (Table 3).

In the 1961167 plots, stem density was higher in the burn plots and was the only variable

that was significantly affected by disturbance type (Table 3). In the 1980 plots,

disturbance type significantly affected five of the six variables: stem density and canopy
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cover were higher in the burn plots; more species were found in the harvest plots; and the

log-series cr and light intensity were higher in the harvest plots (Table 3).

In the H95 plots, the trees were shorter and more densely spaced than in other plots

(Table 3; Appendix IV). Although the tree stratum in the H95 plots was made up

exclusively of sapling Populus tremuloides and Populus balsømifera, each site did

include one to five mature residual trees that were left following the timber harvests.

In principal component analysis (PCA) of the tree stratum, the first two axes explained

55.0% of the variation in the species data (Figure3). Populus tremuloídes was very dense

in the H95 plots, and this strongly influenced the analysis. The densities of Betula

papyrifera and Salix spp. were negatively correlated with P. tremuloides, as were

coniferous species Abies balsamea, Picea glauca and Picea mariana. Betula papyrifera

was quite dense in plot 88041, and was strongly associated with this plot. The second

axis separated plots based on Corylus cornuta Marsh. and Prunus sPP, which were

positively correlated with each other. The H80 and 880 plots were widely separated along

the second axis, due to the presence of these species in the tree stratum of the H80 plots

and their absence from the 880 plots. Alunus crispa (Ait.) Pursh was also much more

abundant in the H80 plots than the 880 plots. The tree stratum of the 880 plots had a

greater density of Populus balsamifera and Salix spp. than the H80 plots.



52

To reduce the influence of the H95 plots, the second and third axes of the PCA from

Figure 3 were plotted (Figure 4); these fwo axes explained 35.0% of the variation in the

species data. Species such as Abìes balsamea, Betula papyrifera and. Picea glauca were

strongly associated with the third axis. Older bum plots, such as those in the 861 site and

plotB32A2, were positively associated with these three species, while theH67 plots, H80

plots and 880 plots were negatively associated with these three species.

Shrub stratum

Appendix II shows all species from the shrub stratum and their mean percent cover in all

study plots. Rosa acicularis Lindl was the only species that occurred in the shrub stratum

of all 20 plots, and was one of the three most abundant species in the shrub stratum in 17

plots. The next two most commonly occurring species, Rubus idaeus L. and

Symphiocarpos albus (L.) Blake, were found in l9 and 16 plots respectively.

Table 4 shows the four shrub stratum variables that were statistically compared. None of

the variables rwere significantly affected by time since disturbance. Disturbance type

significantly affected two variables: stem density was higher in burn plots and the

Shannon-Weiner Index was higher in harvest plots (Table 4). In the 1961167 plots, stem

density was significantly higher in the burn plots than the harvest plots (Table 4). None of

the variables differed in the 1980 plots.
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Of the 27 plant species that were reoorded in the shrub stratum, Disporum trachycarpum

(Wats.) B. & H. was significantly more dense in the 196I/67 plots than the 1980 plots,

and was the only species that was significantly affected by time since disturbance (Table

5). Two species were affected by disturbance lype: Rosa acicularis was significantly

more dense in the shrub stratum of burn plots, while Ribes oxyacantltoides L. was

significantiy more dense in the shrub stratum of harvest plots (Table 5). Rosa acicularis

was more dense in the 880 plots than in the H80 plots, and in the 861 plots than in H67

plots (Table 5).

Corylus cornuta was abundant in the shrub stratum of all the H95 plots, as well as in plots

B32Ai, 86141, H67Bl andH67B2 (Appendix II). Populus tremuloides was abundant in

the shrub stratum in all H95 plots, and virfually absent from the shrub stratum of all other

plots (Appendix II).

In PCA of the shrub stratum, the first two axes explained 46.4% of the variation (Figure

5). The first axis separated plots based on C. cornuta, Populus balsamìfera, Populus

tremuloides, Pranus pensylvanica L.f. and Ptanus virginiana L., all of which were

abundant in the H95 plots. Plots were separated along the second axis based on two

species groups: Apocynum androsaemiftlium L., Picea glauca, Shepherdia canadensís

and Viburnum edule (Michx.) Raf. were associated with the 880 plots; while Alnus

crispa, Ribes oxyacanthoides, Rubus acaulis Michx. and Ribes triste PalL were

associated with the H80, H67 plots, and three of the 861 plots. The 861 and H67 plots
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showed significant overlap, while the 880 and H80 plots were separated by the second

axis.

Herb/moss stratum

Appendix II shows the mean percent cover of the two most cofirmon species in the

herb/moss stratum all plots. Appendices III and IV show the mean total percent cover of

the herb/moss stratum and the percentage of bare ground in all burn and harvest plots

respectively; Appendix V shows site means for these variables. Aralia nudicaulis and

unidentified grass species were the two most corrunon taxa in the herb/moss stratum,

occurring as one of the most common plants in 11 and 10 plots respectively (Appendix

II). Aralia nudícaulis occurred in a1l sites, and grass \ilas very abundant in all sites except

the H80 síte. Rubus pubescens Raf. And Viola pubescens Ait. were each among the two

most common plants in the herb/moss stratum in four plots (Appendix II).

The total percent cover in the herb/moss stratum was significantly affected by time since

disturbance, and was higher in the 196|16l plots than the 1980 plots (Table 4).

Disturbance type did not affect percent cover and there were no significant differences

within either the 1961167 or i980 age classes. The interaction between time since

disturbance and disturbance type was not significant.



Carabid heetles

Number of carabid beetles

A total of 13873 carabid beetles representing 51 species were caught over the three years

of this study. In 2000, 1 06 1 carabid beetles were caught, representing 34 species; in 2001 ,

9224 carabid beetles were caught, representing 36 species; and in 2002,3588 carabid

beetles were caught, representing 28 species. These differences reflect variations in the

length of the trapping period and the number of plots sampled in each of the three

sampling years (Tabte 1). The 10 most frequently caught species accounted for 95.9%o of

the total catch. Platynus decentis was the most frequently caught species, accounting for

52.5% of the total catch. The next nine species in order of catch frequency were

Pterostichus pensylvanicus, Calathus ingratus, Pterostichus adstrictus, Agonum

retractum LeConte, Carabus taedatus LeConte, Synuchus impunctøtus (SaÐ, Calosoma

frigídum Kirby, Sphaerodetas nitidicollis LeConte and Stereocercus ltaematopøs Dejean.

The most frequently caught species in each plot by trapping year are shown in Appendix

VIII. Appendices IX, X and XI show the number of individuals of all species of carabid

beetles caught in 2000, 2001 and 2002 respectively.
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In 2001, significantly more carabid beetles were caught in bumed plots than in harvested

plots (Table 7). In 2000 and 200L, significantly more carabid beetles were caught in the

861 plots than in the H67 plots (Tables 6 & 7). In 2001 and 2002, the 1980 plots did not

show a significant difference in the number of carabid beetles caught (Tables 7 & 8). In

2007, time since disturbance significantly affected the number of carabid beetles caught;
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significantly more carabid beetles were caught in the 1961167 plots than in the 1980 plots

(Table 7). No significant differences were detected in the number of species of carabid

beetles caught in 2000,2001 or 2002.

In 2001, burn plots had much higher catch frequencies of carabid beetles in both the

overall disturbance comparison, and the comparison of the plots disturbed in 1980.

Despite these iarge disparities, ANOVA did not detect significant differences (Table 7).

The primary reason was a lack of consistency among plots within sites, which resulted in

large variances.

Log-series q, evenness and the Jaccard index

Appendices IX, X and XI show the log-series o, and evenness values for individual plots

for 2000, 2001 and 2002 respectively. No significant differences were detected in the log-

series o in any of the sampling years (Tables 6, 7 &. 8). Although no significant

differences were observed, plots that were more recently disturbed had consistently

higher log-series u values than older plots (Tables 6,7 & 8). There were no significant

differences in evenness in any of the sampling years, but more recently disturbed plots

had consistently lower values (i.e. were more even) than older plots (Tables 6,7 &. 8).

There were no significant differences in the Berger-Parker index, but more recently

disturbed plots had consistently lower vaiues (i.e. showed less dominance) than older

plots (Tables 6,7 & 8).
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The Jaccard index of similarity for site to site comparisons for 2000, 2001 and 2002 are

shown in Tables 9, 10 & 1 1 respectively. Of all sites, the 861 plots were the most similar

within a site in 2000 and 2001 (Tables 9 & 10). There was a general trend of decreasing

similarity between sites as the time since disturbance between them increased (i.e. the

832 and 861 plots were more similar than the F32 and 880 plots) (Tables 9 & i0). In

2001, the mean Jaccard index value between the 861 plots and theH67 plots was higher

than between the 880 plots and the H80 plots (Table 10). The mean Jaccard index value

between 880 plots and H80 plots was higher tn2002 (Table 11) than in 2001 (Table 10).

Figure 6 shows the results of hierarchical cluster analysis of carabid beetles caught in

2000. The plots in the H95 site and plot H67A2 \Mere grouped together, away from all

other plots. Despite being clustered together, the distances between these plots were still

relatively high. The two 832 plots were grouped closely together, as were the 861 plots

and the remaining three H67 plots. Six of eight 1961/67 plots were placed in the same

cluster within a distance of 0.5. This indicated a relatively high degree of similarity

between the harvest and burn plots in this age class. Plots B80Bl and ggOgZ, gtouped

together and away from most other plots; while 880,4.1 and ggOAZ were clustered more

closely with the H67 and 861 plots. This seemed to indicate that there v/as more

heterogeneify within more recently disturbed plots.

Figure 7 shows the results of hierarchical cluster analysis of carabid beetles caught in

2001. The analysis showed plot H9542 to be the most different, relative to all other plots.
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The remaining H95 plots clustered together with plot H80A1. The two H80 plots were

widely separated, although three of the 880 plots clustered together. All 86l plots were

placed on the same cluster within a distance of 0.4. Overall, this analysis showed a lack

of consistency among plots within sites, although overall distances were smaller than in

fizure 6.

Figure 8 shows the results of hierarchical cluster analysis of carabid beetles caught in

2002.The six ptots did not cluster according to disturbance type. Plots B8042 and B80Bl

were clustered together, away from the remaining plots. Plots B8041 and H80el had the

highest degree of similarity.

Most frequently caught species

Appendices IX, X, and XI show the total number of species caught in each plot in 2000,

2001 and 2002 respectively. In 2000, a total of 34 species were caught, but no single

species was caught in all 17 plots. In 2001, a total of 36 species were caught. Three

species, Agonum retractum, Platynus decentis and Pterostichus pensylvanicus were

caught in all 20 study plots (Appendix VIII). In 2002, of 28 species were caught, seven

species, Agonum retractum, Calathus ingratus, Platynus decentis, Pterostichus

adstrictus, Pterostichus pensylvanicus, Sphaeroderus nitidicollis and Synuchus

impunctatu.r, were caught in all 6 study plots.
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In 2000, nine species had a catch frequency greater than one percent ofthe total catch for

that year (Table 12). Two of these species, Carabus taedatus and Pterostichus adstrictus

were caught with significantly greater frequency in the 861 plots than in the H67 plots

(Table I2). Apaired t-test on the number of beetles caught for the nine most frequently

caught species that compared the 861 plots with the H67 plots showed that the 861 plots

had a significantly higher number of beetles caught (ts:2.5, P: 0.038)'

In 2001, ten species each had a catch frequency greater than one percent ofthe total catch

(Table l3). Two of these species, Carabus taedøtus and Pterostichus adstrictus wete

caught with significantly greater frequency in the 1961167 plots than the 1980 plots.

Pterostichus pensylvanicus was the only species that was caught with significantly

greater frequency in the burn plots than the harvest plots (Table 13). Three species were

significantly affected by disturbance in the 1961167 plots: C. taedatus, P. adstrictus and

P. pensylvanicus were all caught with greater frequency in the 861 plots than the H67

plots (Table 13). Three of the ten species had higher, but non-significant, catch

frequencies in the H67 piots than in the 861 plots; these were Calosoma frigidum,

Sphaeroderus nitidicollis and Synuchus impunctatu,s and. A paired t-test on the ten most

frequently caught species comparing the 861 plots with the H67 plots showed no

significant difference (ts : 2.7, p : 0.067). None of the ten species were significantly

affected by disturbance type in the 1980 sites (Table 13). The only species that was

caught more frequently in the H80 plots than the 880 plots was S. nitidicollis (Table 13)'
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A paired t-test on the ten most frequentiy caught species comparing the 880 plots with the

H80 plots showed no significant difference (te : 7.4, p :0.183).

In 2002, six species each had a catch frequency of greater than one percent of the total

catch (Table 14). Calosoma frígidum was caught with significantly greater frequency in

the H80 plots than the B80 plots (Table 14). Agonum retractum was the only species that

was caught more frequently in the 880 plots than the H80 plots. A paired t-test on the

catch frequency of the six species comparing the 880 plots with the H80 plots showed no

significant difference (tr : -1.I, p:0.329).

Seasonal variations ¡n catch frequency

Two of the three years showed a trend of decreasing catch frequency as the season

progtessed (Figure 9). The only exception was in 2002, where there was an increase in

catch frequency in early July in the 880 plots. This same trend was also observed in the

880 plots in 200i. Note that in the number of plots sampled each year was not consistent,

and that 2001 was the only year in which all plots were sampled.

In 2001, the ten most frequently caught species showed a variety of seasonal occurrence

patterns (Figure L0). Calosoma frigidum, Car"abus chamissonis Fischer von Wadlheim,

Platynus decentis, Pterostichus adstrictus, Pterostichus pensylvanicus and Stereocercus

haematopus were all most caught most frequently in June and declined as the sufitmer

progressed. The catch frequency of Agonum retractum and Calathus ingratus peaked in
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early July. Carabus taedatus seemed to have a bimodal seasonal distribution, being most

frequently caught in early June and again in mid-August. Synuchus impunctal¿¿s was most

frequently caught in early August.

Rare and un¡que spec¡es

In 2000, 18 species were caught predominantly or exclusively within one site. Of these,

the occurrences of two species were considered to be non-random using the Poisson

distribution: Agonum simileKirby and. Stereocercus haematopus (Table l5).

In 2001, 15 species were caught predominantly or exclusively within one site. Of these,

the occurrences of four species were considered to be non-random using the Poisson

dishibution: Agonum trigemínum Lindroth, Dicaelus sculptilis Say (Randall),

P teros tichus punctøtissimus and Stereo cercus høematopas (Table 1 5).

In 2002, 11 species were caught exclusively in the H80 site or the 880 site. Carabus

chamíssonis was the only species whose occurrence was considered non-random using

the Poisson distribution (Table 15).

Relative to all other species that were unique to a site or disturbance type, Stereocercus

haematopus had a very high catch frequency in 2000 and 2001 (Appendices IX & X). It

was caught in three plots (B32Al, 832A2 and 861A2); of those plots, 832A2 had the

highest catch frequency in both years.



Bradycellus semipubescens Linðroth was the only new provincial record among all

species caught. It had previously been recorded in New Brunswick, Quebec, Ontario and

Alberta (Natural Resources, Canada2004). No species that are considered non-native or

invasive were caught during this study.

Pri nciple component analysis

2000

In PCA of the carabid beetle data from 2000, the first two axes explained 61.2% of the

species variation (Figure 11). The first axis separated plots based on catch frequency of

Calathus ingratus, Carabus taedatus, Pterostichus adstriclus and Pterostichus

pensylvanícøs. Plots in the 861 and 832 sites were positively associated with these

species. At the opposite end of the first axis, were Agonum cupreum Dejean, Agonum

gratíosum (Mannerheim), Carabus maeander Fischer von Wadlheim and Patrobus

septentrioms Dejean. These species were associated with plots in the H95 site and with

H6741 arñH67A2.
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The second axis was associated with Synuchus ímpunctatus. Plots in the 880 site, as well

as H67Bl andH6lB2 were associated with this species. With the exception of H67B2,the

first axis separated plots based on disturbance type and some separation of plots based on

time since disturbance.



2001

In PCA of the carabid beetle species from 2001 , the first fwo axes explained 6l .0% of the

variation in the species data (Figure 12). Separation among plots along the first axis was

based on Calathus ingratus, Carabus chamissonis, Carabus taedatus, Platynus decentis

and Pterostichus adstrictus. Plots in the P32 and B6l sites were associated with these

species. Agonum cupreum, Agonum gratiosum, Carabus maeander and Synuchus

impunctatu.r \ryere negatively correlated with these species along the first axis; as were the

H95 plots, the H80 plots and plot H6741. The first axis separated the plots based on time

since disturbance.

The second axis separated plots based on Agonum retractum and Agonum simile. Plots

which v/ere associated with these species included H67A2,H6782 and B80Bl. Both plots

in the 832 site were strongly associated with Stereocercus haematopus.
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Figure 13 shows the separation of bum and harvest plots based on the first axis PCA

scores taken from Figure 12. Based on first axis separation, plots H6781 and H6782 were

more closely associated with burn plots than with harvest plots (Figures 12 and 13).

These two plots had higher catch frequencies of Calathus ingratus, Pterostichus

adstrictus and Platynus decentis, and a lower catch frequency of Synuchus impunctatus

relative to the other two H67 plots.
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Based on first axis separation, plots 88041 and 88082 \ryere more closely associated with

harvest plots than with burn plots (Figures 12 and l3). When compared to 88042 and

880B1, the other two plots in the site, these plots had lower catch frequencies of Calathus

ingratus, Carabus chamissonis and Platynus decentis. Plot 88082 was devoid of P.

adstrictus, a species strongly correlated with the negative end of the first axis. Plot B80Al

had a higher catch frequency of dynuchus impunctatu.s than any of the other 880 plots.

2002

In PCA of the carabid beetle data from 2002, the first two axes explained 64.0% of the

variation (Figure I4). The first axis separated plots based primarily on Agonum

retractum, Carabus chamissonis and Poecilus lucublandus. Plots 88042 and B80Bi had a

high catch frequency of these species. Calosomafrigidum arñ Synuchus impunctatus and

were strongly associated with the H80 plots. Carabus maeander, Pterostichus adstrictus,

Pterostichus pensylvanicus and Sphaeroderus nitidícol/¿s were associated with the second

axis; plots 88042, H8041 and H8042 were associated with these species. Platynus

decentis was strongly associated with plot 88042. Neither axis separated the plots based

on disturbance type, although the analysis was heavily influenced by plot 88042, which

had an overall catch frequency that was much higher than any of the other plots.



Redundancy anarfrs

Garabid beetle species and treatment variables

2000

In redundancy analysis (RDA) of all carabid beetles caught in the 1961167 plots in 2000

with disturbance fype as the environmental variable, the first two axes explained 68.1%

of the variation in the species data (Figure 15). Monte Carlo tests indicated that the

disturbance type variable was significant (pf0.05). Agonum retractum, Carabus taedatus,

Pterostichus pensylvanicus and Sphaeroderus nítidicollis were positively correlated with

the burn variable. These species were more frequently caught in plots B6lA2 and 86181,

but all were frequently caught in the 861 plots. Positive associations between species and

the harvest variable were not as strong as those for the burn variable. Species that were

positively associated with the harvest variable included Agonum gratíosum, Agonum

superiorís Lindroth and Synuchus impunctatus. Platynus decentis was the only species

that was strongly associated with the second axis. The catch frequency of this species

varied considerably between plots in each site, and was responsible for the wide

separation of plots along the second axis.

65

2001

In RDA of all carabid beetles caught in the 1961167 and 1980 plots in 2001 with

disturbance type and time since disturbance as the environmental variables, the first two



66

axes explained 42.8o/o of the variation in the species data (Figure 16). Monte Carlo tests

indicated that both disturbance type and time since disturbance were significant þ<0.05).

A group of species including Calathus ingratus, Carabus chamissonis, Carabus taedatus,

Platynus decentis Pterostíchus adstrictus and Pterostichus pensylvanicus wete strongly

positively associated with the 861 plots. Species associations with the H67 plots were not

as strong, although Carabus maeander and Sphaeroderus nitidicollis did show positive

associations. Calosomafrigidum was strongly correlated with the thirty-five-years-since-

disturbance variable, and was caught in all but one of the 1961167 plots. No species

were strongly associated with the twenty-years-since-disturbance variable, but rather

were associated with either the 880 or H80 plots. Agonum gratiosum was positively

associated with the H80 plots, while Agonum cupreum was positively associated with the

880 plots.

Carabid beetle species and environmental variables

2000

In RDA of all carabid beetles caught in 2000 with significant environmental variables,

the first two axes explained 37.1% of the variation in the species data (Figure 17). Monte

Carlo tests indicated that canopy cover and tree age were significant þ<0.05). Both

canopy cover and tree age are related to time since disturbance, and this resulted in a

separation of plots on this basis. Carabus taedatus, Pterostichus adstrictus and

Pterostichus pensylvanicus were strongly associated with tree age, and were caught
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predominately in older plots (e.g. 832). Calathus íngratus, Platynus decentis anð

Sphaeroderus nitidicollis were shongly positively associated with canopy cover, and

were caught with high frequency in the H67 and B6l plots, where canopy cover was

greatest. Several species were strongly negatively correlated with canopy cover,

including Agonum cupreum, Agonum gratíosum, Carabus maeander and Patrobus

septentrionis. These species were all caught most frequently in the H95 plots, where a

tree canopy was virnrally absent. Agonum simile and Agonum superior,¡.s were closely

associated with the BB0 olots.

2001

In RDA of all carabid beetles caught in 2001 with significant environmental variables,

the first two axes explained 39.7% of the variation in the species data (Figure 18). Monte

Carlo tests on the environmental variables indicated that tree age and canopy cover were

significant þ<0.05). These two variables are related to time since disturbance, and this

resulted in a separation of plots on this basis. Species that were positively correlated with

tree age included Carabus taedatus, Pterostichus adstrictus and Cqrabus chamissonis.

Synuchus impunctatu^s was negatively correiated with tree age. Canopy cover was

greatest in the H67 and 861 plots. Species that were positively cor¡elated with canopy

cover included Calathus ingratus, Calosomafrigídum and Sphaeroderus nitidicollis.[þe

H95 plots, which lacked a canopy, and a number of species, were strongly negatively

correlated with canopy cover. These species included Agonum cupreum, Agonum

gratíosum and Carabus maeander. Stereocercus ltaematopus was strongly associated
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with the 832 plots. Platyìnut decentis seemed to be equally positively correlated with tree

age and canopy cover. Both sets of paired sites were closely associated, indicating

similarities in canopy cover and tree age.

Carabid beetle species and shrub stratum

2000

in RDA of all carabid beetles caught in 2000 with shrub stratum species as environmental

variables the first two axes explained 48.1% of the variation in the species data (Figure

19). Monte Carlo tests on all shrub stratum species indicated that Amelanchier alniþlia

Nutt., Apocynum androsaemifolium, Dísporum trachycarpum, Populus balsamifera and

Symphiocarpus albus were significant (pf0.05). This analysis resulted in a wide

separation of plots within sites. D. trachycarpum and P. balsamifera were correlated with

the first axis, and negativeiy with each other. There was some separation of plots along

the first axis based on time since disturbance; older plots were associated with D.

trachycarpum, while more recently disturbed plots were associated with P. balsamifera.

Calathus ingratus and Carabus taedatus were associated with D. n"achycarpum, as were

plots B6181 and B6IB2. The H95 plots had a high density of shrub stratum P.

balsamiferø; carabid beetle species associated with P. balsamifera included Agonum

gratiosum and Carabus møeander. The shrub stratum species A. androsaemíþlium was

correlated with the second axis. Plots 88081 and 88082, ffid carabid beetle species

Agonum simile were positively correlated with A. androsaemifolium.



Shrub stratum species Amelanchíer alnifolia and Symphiocarpus albus were negatively

correlated with Apocynum androsaemifolium along the second axis. Carabus chamissonis

and Stereocercus haematopus, and the F.32 plots were associated with these two shrub

species.

2001

In RDA of all carabid beetles caught in 2001 with shrub stratum species as environmental

variables, the first two axes explained 43.3% of the variation in the species data (Figure

20). Monte Carlo tests on all shrub stratum species indicated that Apocynum

androsaemiþlium, Cornus stolonifera Michx., Disporum trachycarpum and Shepherdia

canadensís (L.) Nutt. were significant þ<0.05). There \¡/as some separation of plots along

the first axis based on time since disturbance; older plots were positively correlated with

D. trachycarpum. Carabid beetle species associated with D. trachycarpum included

Calathus íngratus, Carabus taedatus, Platynus decentis artd Pterostichus adstrictus.

Carabid beetle species Agonum cupreum and Synuchus impunctatus were negatively

correlated with D. trachycarpum. T.he second axis separated A. androsaemífolium and S.

canadensis, which were negatively correlated with one another. Shepherdia canadensís

was associated with the B32 plots and Stereocercus haematopus. Apocynum

androsaemifolium was positively associated with Agonum retractum. Cornus stolonífera

was strongly associated with plot H9542 and Agonum gratiosum and Carabus maeander.
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The large group of plots located near the centre of the diagram did not have any

occuffence of these plant species in the shrub stratum.



Table 2a:Vegetation types (v{ypes) from the 5 tree-stratum
sampling areas in each plot.

Plot V-Types
83241 V5 V5 V5 V5 V8

B32M V8 V8 V8 V1O V13
- - - -ÉttiÃï - - - - - - - - - - - - - - - 

vE 
- 
v5- v¡t v¡t 

-vE - - - -

861A2 V5 V5 V5 V5 V9

86181 V5 V5 V5 V5 V5

86182 V5 V8 V9 V9 V9
- - - 

E-s-dÃï 
- - - - - - - - - - - - - - - - 

V4 
- 
V 4- vï'v 4'V5 

- - - -

B8OA2 V5 V5 V5 V5 V5

B8OB1 V5 V5 V5 V5 V5

B8OB2 V5 V5 V5 V5 V5

7l

H67A1 V5 V5 V5 V5 V5

H67M V5 V5 V5 V5 V5

H6781 V5 V5 V5 V5 V5

H6782 V5 V5 V5 V5 V5
- - - 

H-BdÃï 
- - - - - - - - - - - - - - - - 

VE 
- 
V5- Vl V¡t 

-V8- - - -'

H8OA2 V5 V5 V5 V8 V8
- - - 

IitSÃï 
- - - - - - - - - - - - - - - -VE - 

Vs- Vs Vd 
-Vit - - - - - -

H95A2 V5 V5 V5 V5 V5

H9581 V5 V5 V5 V5 V5

H9582 V5 V5 V5 V5 V5

Table 2b:V-types names listed in table 2a1.

V-Type V4 V5

Type
Name

lSee appendix VII for more detailed descriptions and characteristics of the v-Çpes listed

Wh¡te blrch
ASOEN

narowooo ano, narowooomtxeowooo

Trembling Trembling
aspen aspen
mixedwood/tall mixedwood/low
shrub shrub

Trembling
aspen White spruce
mixedwood/ mixedwood
feather moss

v10 v13



Table 3: Effects of time since disturbance, disturbance type and the interaction between time since disturbance and disturbance type on tree

str"t¡.rm variables (mean j SEM). Bolded p-values indicate significant differences, p-<0.05.

Treatment (n)

1 961/67

Burn (2)

Burn (4)
Harvest (4)
Fl,ro
P

Burn (4)
Harvest (2)
Fr,to
P

1980

Stem density (/m2)

1995 Harvest (4)

0.13 + 0.02

0.49 + 0.04
0.37 + 0.01
3.0
0.116

1.26 1 0.06
0.55 + 0.15
63.3
<0.001

10.27 + 0.81

1e61/67 (8)

Age Class 1980 (6)
Fr,ro

P

Number of

7.0 + 1.00

6.8 + 0.63
6.0 t 0.71
0.6
0.448

4.8 + 0.75
8.51 0.50
10.4
0.009

2.0 + 0.00

tes

Disturb.

0.431 0.03
1.02 + 0.16
68.9
<0.001

NA: Not applicable

Log-series cr

1.95 I 0.57

1.19 1 0.13
1.17 !0.20
<0.1
0.896

0.6210.10
1.45 !0.02
11.4
0.007

NA

% Canopy
closure

6.410.46
6.0 + 0.93
0.1
o.746

84 + 3.1

9210.5
90 + 1.7
3.3
0.100

83 t 1.4
77 !2.o
9.1
0.013

NA

% Light

1.18 + 0.11
0.90 + 0.19
0.8
0.377

21.4 !2.20

17.3 + 0.97
10.313.93
1.1
0.315

21.60 + 4.10
30.80 + 8.72
1.3
0.284

58.15 + 7.92

% Stems Populus

91 10.9
81 + 1.2
76.5
<0.001

61.5 I 18.47

72.61 3.39
77.O + 8.18
0.1
0.782

74.7 !18.00
55.3 j 0.57
1.0
0.333

100.0 + 0.00

13.8 j 2.08
24.7 + 3.98
q7
0.039

74.8 !4.18
68.2 712.09
0.6
0.444

\ì
N)



Table 4: Effects of time since disturbance, disturbance type and the interaction between time since disturbance and disturbance
type on shrub and herb/moss strata variables (mean I SEM). Bold p-values indicate significant differences, p_<0.05.

, (/m2) - 
species lndex -/o uoter

1932 Burn (2) 18.9 + 4.75 12.0 + 0.00 2.1 t 0.07 30.5 t 8.98

Treatment (n)

1961t67

Burn (4)
Harvest (4)
Fr,ro
P

Burn (4)
Harvest (2)
Fr,ro
P

Harvest (4)

1 980

I 995

Stem density

17.4 + 2.78
8.6 + 1.41
o6
0.012

12.1!1.92
11.5 + 0.50
<0.1
0.850

29.7 !9.24

Age Class

Number of

Disturbance

1e61/67 (8)
1e80 (6)
Fr,ro
P

Burn (8)
Harvest (6)
Fr,ro
P

Shrub Stratum

9.8 + 0.48
12.0 !2.35
1.2
0.293

7.5 + 1.O4
8.51 0.50
0.2
0.696

10.5 + 0.87

Interaction
Age x Disturb.

S_hannon-Weiner 
% Cover

13.0 + 2.20
11.9 + 1.22
0.3
0.600

14.8 + 1.85
9.6 + 1.07
4.4
0.062

1.6 I 0.05
1.9 + 0.22
2.4
0.156

1 .4 + 0.18
1.8 1 0.19
1.8
0.215

1.7 + 0.10

Fr,ro
P

8.6 t 0.68
10.8 + 1.66
3.2
0.103

8.610.68
10.8 + 1.66
1.0
0.335

3.2
0.102

26.3 + 2.44
27.9 + 6.28
0.'1

0.809

19.7 !4.67
32.8 + 4.04
2.7
0.1 92

53.8 + 10.73

Herb/Moss
Stratum

1.7 + 0.12
1.5 + 0.15
0.4
0.524

1.5 1 0.09
1.8 + 0.15
4.0
0.074

% Cover

0.2
0.705

62.0 !5.24

58.6 + 3.09
63.3 !2.02
0.6
0.446

54.6 j 2.86
47.8 + 4.51
0.8
0.390

72.3 + 2.61

27..1 + 3.14
24.1 + 4.18
<0.'1

0.881

23.0 !2.74
29.5 + 4.24
2.1
0.1 81

<0.1

0.957
1.3
0.287

60.9 + 1.85
52.3 + 2.44
Âo
0.034

56.6 + 2.52
58.1 + 3.70
<0.1
0.850
1.4
0.259

{
þJ



Table 5: The three shrub-stratum species that were significantly affected by time since disturbance and/or
disturbance type. Mean number of stems per plot per m' (mean + SEM). Bold p-values indicate significant
differences, p50.05.

1932 Burn (2) 0.0010.00

Burn (4) 0.0810.01

1g61t6. Harvest (4) 0.03 t 0.01
Fr.ro 8.7
P 0.025

Burn (4) 0.00 + 0.00

lo'n Harvest (2) 0.00 + 0.00
Fr.ro NA
PNA

1995 Harvest (4) 0.00 + 0.00

Treatment (n) Disporumtrachycarpum Ribesoxyacanthoides Rosaacicularis

1961/67 (8) 0.05 + 0.01

Age Class 1980 (6) 0.00 t 0.00

Burn (8) 0.04 + 0.02
Harvest (6) 0.02 + 0.01ljrsluroance Fr.ro 1.2
P 0.293

Fr,ro

P

lnteraction Fl.ro
Age x Disturb. p

0.001 0.00

0.00 + 0.00
0.04 + 0.02
2.5
0.168

0.00 + 0.00
0.07 + 0.07
2.7
o.178

0.0 t 0.00

NA: Not applicable

1'1.6

0.005

1.O3 + 0.22

1.40 !0.22
0.43 + 0.14
4'1 R

0.009

1.13 + 0.18
0.39 + 0.01
7.8
0.049

1.62 + O.54

5.8
0.036

0.02 + 0.0'l
0.0210.02
0.1

0.905

0.00 t 0.00
0.051 0.02
5.5
0.037
0.4
0.s44

0.92 !0.22
0.88 + 0.19
0.1

0.907

1.26 + 0.14
0.42 !0.09
¿¿.o
0.001
0.4
0.546
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Table 6: Effects of disturbance type on carabid beetles caught in 2000 (mean per plotl SEM). Bolded p-values indicate
significant differences, p50.05.

Treatment (n) $fitou"'" 
o"t species per ptot Log-series o Evennessl Berger-Parker

lndex

1961t67

1 980

1 995

Burn (4)
Harvest (4)
Fr,e

P

t Evenness values are negative values with minus signs removed.

Burn (4) 32.8 + 8.61

131.8 + 24.99
46.5 + 7.07
14.O
0.010

Harvest (3) 14.3 + 4.48

9.3 + 0.48
8.5 + 0.96
u.o
0.477

8.5 + 0.87

6.3 + 0.33

2.38 + 0.29
3.37 1 0.80
1.7
o.242

5.65 + 2.51

6.68 + 2.39

0.20 t 0.02
0.14 + 0.03
1.8
0.230

0.17 + 0.03

0.12 + 0.03

0.36 + 0.02
0.331 0.04
0.5
n ÃlÂ

0.42 i 0.09

0.34 + 0.05

{(J¡



Table 7: Effects of time since disturbance, disturbance type, and the interaction between time since disturbance and disturbance
type on carabid beetles caught in 2001 (mean per plot + SEM). Bolded p-values indicate significant differences, p_<0.05.

Treatment (n) lndivíduals per plot Species per plot Log-series c[ Evennessl Berger-Parker
lndex

1932 Burn (2) 828.5 t 67.50 13.5 + 0.50 2.310.14 0.22 + 0.00 0.551 0.08

Burn (4) 841.5 1 59.98 13.0 ! 1.47 2.2 + 0.29 0.23 + 0.03 0.48 I 0.03

1o^1t^7 Harvest (4) 431.5 + 105.46 12.8 + 1.11 2.6 t 0.34 0.18 + 0.02 0.56 + 0.04
Fr.ro 7.2 <0.1 0.3 1.3 4.1
P 0.023 0.892 0.595 0.289 0.071

Burn (4) 387.0 + 153.91 14.8 t 0.95 3.3 + 0.33 0.15 + 0.01 0.49 t 0.09

1980 Harvest (2) 109.0 + 46.00 10.5 + 2.50 3.4 + 1.60 0.19 + 0.09 0.28 + 0.07
Fr.ro 2.2 3.8 <0.1 0.4 2.1
P 0.167 0.081 0.906 0.521 0.221

1995 Harvest(4) 177.8+41.79 14.00+0.707 3.7 !0.12 0.1410.01 0.3610.07

1961/67 (8) 636.3 i 95.77 12.9 + 0.85 2.4 + 0.22 0.21 + 0.02 0.52 + 0.03
Age Class 1980 (6) 127.2!41.67 13.3 t 1.26 3.3 + 0.46 0.1710.03 0.42 + 0.08

Fr,ro 10.4 <0.1 3.3 1.0 4'0
P 0.009 0.863 0.098 0.340 0.073

Burn (8) 614.3 I 115.00 13.9 I 0.88 2.7 + 0.29 0.19 + 0.02 0.49 + 0.05

, Harvest (6) 323.7 + 95.91 12.0 + 1.06 2.8 + 0.49 0.19 + 0.03 O.47 + O.07
lJrsturbance rr.1o 8.2 2.5 0'2 <0.1 1.0

P 0.017 0.143 0.668 0.851 0.343

lnteraction Fr,ro 0.3 2.O 0.1 1.5 4.6
Aoe x Disturb P 0.595 0.188 0.806 0.249 0.058

' Evenness values are negative values with minus signs removed.
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Table B: Effects of disturbance type on carabid beetles caught in 2002 (mean per plotl SEM). Bolded p-values indicate
significant differences, p50.05.

Treatment (n) lndividuals per plot species per plot Log-series cr Evennessl Berger'Parker
lndex

Burn (4) 580.5 + 233.75 14.0 + '1.58 2.7 + 0.27 0.43 + 0.06 0.63 + 0.08

1980 Harvest (2) 633.0 + 153.00 14.5 + 2.5O 2.7 + 0.72 O.43 + O.12 0.66 + 0.02
Fr ¿ <0.1 <0.1 <0.1 <0.1 0.1
P 0.892 0.868 0.994 0.986 0.809

' Evenness values are neoative values with minus sions removed.
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Table g: Jaccard's index of similarity for all site-to-site comparisons among carabid beetle catches in 2000, (mean,

minimum/maximum index values, number of values incorporated in mean)

Site

o 500B32 ,.;;ì(NA') (1)

0 459 0.578861 (0.33ã/0.615) (B) (0.357/o.B00xo)

o -, - o 309 0.442 0.476
ã 880 (o.zrìrõ.+oz) (e) (0.230/0.778) (10) (0.27010.040) (o)

n 365 0.479 0.438 0.440H67 (o.zsilò.ssa) (a) (0.230/0.88e) (1G) (0.200/0.730) (10) (0.230/0.580) (o)

o 138 0.203 0.199 0.288 0.191He5 
to.ooùo.sss) (o) (0.000/0.400) (12) (0.000/0.400) (12) (0.000/0.400) (12) (0.0e0/0.300) (3)

- 

832 86l B8o H67

t NA: Not applicable (only two plots, therefore no min/max values).
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Table 10: Jaccard's index of similarity for all site-to-site comparisons among carabid beetle catches in 2001. (mean,
minimum/maximum index values, number of values incorporated in mean)

Site

832 ,.0.588
1,.tRl) (t¡

861 
ro.¿z10¡o6.3Tzrrel ro.se3/0131¿lrol

Rarì 0.495 0.543 0.515
q, --" (0.368/0.667)(8) (0.438/0.684) (16) (0.330/0.630) (6)
Ëu' HÂ7 o.b4o 0.611 0.s74 0.614

(0.318/0.800) (8) (0.471l0.6e2) (16) (0.440l0.6e0) (16) (0.530/0.710) (6)

H8O ,^ ^^ 
0.387 0.438 0.405 0.519 0.400

(o.227t0.500) (4) (0.353/0.500) (8) (0.320/0.470) (8) (0.42010.650) (8) (NA) (1)

H95 ,^ ,^p.332 0.416 0.420 0.466 0.450 0.579
(0.130/0.474)(8) (0.158/0.52e)(16) (0.170/0.6e0)(16) (0.24010.760) (16) (0.250/0.5e0)(8) (0.42010.670) (6)

861

t NA: Not applicable (only two plots, therefore no min/max values).

880 H67 H80 H95

\¡
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Table 11: Jaccard's index of similarity for all site{o-site comparisons
among carabid beetle catches in2002. (mean, minimum/maximum
index values, number of values incorporated in mean)

Site

Bgo t^ Á 
0.531

d, \_. .4410.650) (6)

=U'
HBo ,^ , 0'549 0'450

1u.+35/0.786) (8) (NA1) (1)

t NA: Not applicable (only two plots, therefore no min/max values).
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Treatment (n)

1932 Burn (2)

1961167

1980

1 995

Burn (4)
Harvest (4)
Fr,o

P

Burn (4)

Harvest (4)

Calathus

21.0 + 9.0

41 .B ! 14.0
8.0 t 3.6
5.4
0.059

13.8 + 3.0

1.7 !1.7

' Species whose catch frequency represented > 1o/o of the total catch from all paired sites.

Carabus
taedatus
18.5 + 13.5

30.5 + 7.0
0.5 + 0.3
18.1

0.005

1.3 t 0.8

1.0 + 1.0

Sphaeroderus
nitidicollis
4.0 + 2.0

7.8 !1.4
4.0 + 1.5
?F

0.112

8.5 1 1.2

3.3 13.3

Agonum
retractum
0.0 + 0.0

18.0 + 7.8
1.0 + 0.6
4.7
0.o74

5.3 + 2.6

0.3 + 0.3

Platynus
decentis
3.5 + 2.5

10.0 + 6.0
3.0 I 1.3
1.3

0.300

7.3 + 3.9

0.0 + 0.0

Pterostichus

10.0 + 3.0

11.0 + 2.3
2.0 !0.7
13.5
0.010

0.31 0.s

1.0 + 0.6

Pterostichus
adstrictus
12.0 + 5.0

8.3 + 4.5
2.3 ! 1.1

1.7

0.243

t.J + u.o

0.0 + 0.0

Synuchus
impunctatus
1.0 + 1.0

1.3 + 0.5
9.014.3
3.2
0.126

5.5 + 3.4

0.3 + 0.3

Sfereocercus

tz.c + r).J

1.3 I 1.3
0.0 + 0.0
1.0

0.356

0.01 0.0

0.0 + 0.0

æ



1 961 i67

Burn (4) 412.3 + 57 -7

Harvest (4) 234.0 + 50.5

Fr,to 2.4

P 0.154

Burn (4) 230.3 + 127.5

Harvest (2) 31.5 I 23.5

Fr,ro 2.0

P 0.190

1 980

1995 Harvest(4) 60.0+28.6 20.3+7.6 14.3+7.7 3.5 11.8 11.8+4.6 2.0+1.4 0.0+0,0 23.0+16.4 0.0+0.0 2-3+1'9

1e61/67 (8)
Ase Class 1980 (6)

Ft,ro
P

Burn (8)
Harvest (6)

ursturoance
r 1.10

P

122.5+ 18.8 71.5 + 17.4 '1 19.0 + 17.6 18.5 + 5.7 52'B + B'5 10'5 + 4'3 1'0 + 0'6

ZA.A1l}.z52.3+19.235.3+17.516.5+5.72'3+1'630'3+18'714'5+6'2
22.7 0.8 18.6 <0.1 55.8 1'7 4'9

0.001 0.387 0.002 0.852 <0.001 0'228 0'051

49.8 1,f2.0 35.8+8.1 6.8+3.2 27.5!10.8 1.8+1.1 8.5+5.2 5.8+4.5 5'0 13'4 4'Bt2'0

25.0!21.024'5+11.53.513.53.012'00.0j0.00.5+o'55.014.00.0+0.05.5+1.5
1.1 0.2 <0.1 3'6 <0.1 o'2 <0'1 0'3 0'1

0'3290.6750.8940.0850.8370.6800.9220.6080.812

lnteraction
Age x
Disturb

323.1 148.9
164.0 + 91.1

4.4
0.061

321.3 + 73.3
't66.5 + 53.7
4.3
0.066

1 Species whose catch frequency representedTl% of the total catch from all paired sites'

1,10

P

75.6 + 20.1

41.5 + 10.7
6.0
0.034

86.1 + 17.2
27.5 + 7.7
14.5
0.003

<0.1

0.913

61 .9 I 12.5

32.016.4
?Ã
0.089

5J.O T I t.Z
43.0 1 13.S

0.8
0.387

4.9

0.051

77.1 + 19.6

5.7 !2.3
8.0
0.018

62.9123.0
24.7 + 13.0
21.9
0.001

0.1

0.817

'17.5 + 3.8

19.318.6
0.1

0.791

23.0 + 5.9
12.9 + 4.6
¿.ô

0.141

27.5 + 10.4 20.4 + 9.6

1.2 + 0.8 5.8 + 3.7

24.8 1.7

0.001 0.221

27.3 !10.4 9.51 3.2

1.5 + 1.'l 20.3 + 13.4

23.9 0.2

0.001 0.639

17.3 + 9.3 6.0 + 2.2

1.5 + 1.0 7.3 + 1.1

4.2 0.2

0.068 0.629

1.8

0.204

20.8

0.001

7.8I 3.9
5.5 + 3.0
o.2
U.OJZ

3.4 !2.3
11.3 + 4.5
1.8

0.215

1.3

0.280

9.4 + 5.3

3.3 + 2.4

0.286

11.1 + 5.1

1.0 + 0.7
¿.Y

0j20
2.2

0.170

o.o r t.z
5.0 1 1.3
0.6
0.467

5.4 !1.4
6.7 + 0.9
U.J

u.bzc

0.8

rì ?oa

<0.1

0.902

oo
t\)



1 980

' Species whose catch frequency represented > 1o/' of the total catch from all paired sites.

Harvest (2)
Ft,+
P

418.5+ 113.50 95.5 + 25.50
<0.1
0.973

1.2
0.340

64.0 + 25.00 5.5 + 3.50
0.5 3.9
0.505 oj20

10.5 1 4.50
0.1
0.777

17.0 1 1.00
55.6
0.002

æ
{JJ



Table 15: Carabid bee¡e species where the pattern of catch frequency in a single plot differs significantly from that expected by random

cnance ¡n each sampling year, with number of individuals caught per plot by site and Poisson probability, p-<0.05. (Some sites contain

multiple plots where catch frequency differed significantly from expected.)

Sampling
Year

2000
Agonumsimile 0 0 3 0 NA2 0 0'02

Stereocercushaematopus 19 0 0 0 NA 0 <0'01

Agonumtrigeminum 0 0 0 0 0 3 0'01

Dicaelussculptilis 0 O 0 0 0 3 0'01

2001
Pterostichuspunctatissimus 4 0 0 0 0 0 <0'01

Stereocercushaematopus 101t23 14 0 0 0 0 <0'01

Species

2002 carabus chamlssonis NA NA 8/B NA 0 NA <0.01

t po - poisson probability; the probability that the species would be randomly caught in its actual catch frequency.
t ÑR - Not applicable (site was not sampled that year).

Site containinq plot p 1

832 861 g80 l-loz- HBO H95 Ip
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Figure 6: Hierarchical cluster analysis of plots sampled in 2000 based on Jaccard's index of
similarity using carabid beetles.
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Figure 7: Hierarchical cluster analysis of plots sampled in 2001 based on Jaccard's índex of
similarity using carabid beetles
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Figure B: Hierarchical cluster analysis of plots sampled in 2002 based on Jaccard's index of
similaríty using carabid beetles.
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Figure 9: The number of carabid beetles caught during each

trapping period in 2000, 2001 and 2002.
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Fiqure 10: seasonal variation in catch ferquency among ]he 
tq.1 most ferquently caught carabid

bõtle spe.i.s collected in 2001 (note that the y-axis varies with each species)'
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Figure 10: cont.
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Fiqure 11: pCA of all carabid beetle species caught in 2000 in all plots with species scores (---+) and plot scores (").
Species data log transformed.

Plot labels are described in Table 1.

Key to carabid beetle species: Ago aff = Agonum affine, Ago cupl = Agonum cupreum, Ago cup2 = Agonum cupripenne,

Agô gra = Agonum gratiosum, Ago pla = Agonum placidum, Ago pro = Agonum propinquum, Ago pun = Agonum
puncticeps, Ágo ref-= Agonum retractum, Ago sim = Agonum simile, Ago sor = Agonum sordens, Ago sup = Agonum
superioris, Ago tho = Agonum thoreyi, Ago tri = Agonum trigeminum, Ama cup = Amara cupreolata, Ani san =
Anisodactytus sancfa ecrucis, Cal ing = Calathus ingrafus, Car cha = Carabus chamissonis, Car mae = Carabus

maeandei, Car tae = Carabus taedatus, Cym uni = Cymindis unicolor, Har ery = Harpalus erythropus,' Har ful = Harpalus

fulvilabris, Har spp = Harpalus species, Pat sep = Patrobus sepfenfrionrs, Pla dec = Platynus decentis, Pte ads =
pterostichûs adsfrrcfus, Pte luc = Pterosfichus /ucfuosis, Pte pat = Pterostichus patruelis, Pte pen = Pterostichus
pensylvanicus, Pte pun = Pterostichus punctafissimus, Sph nit - Sphaeroderus nitidicollis, Ste hae = Sfereocercus
haematopus, Syn imp = Synuchus impunctatus.
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Figure 12: pcA of all carabid beefle species caught in 2001 in all plots with species scores (-+) and plot scores (")'

Species data log transformed.

Plot labels are described in Table 1'
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Fiqure 13a: Site scores from the first axis of figure 12, showing the separation of

nr.,rr,.r tgray nars) and harvest (white bars) plots. (2001 carabid beetles)
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Fiqure 13b: Site scores from the fìrst axis of figure 12, showing the separation of

plóts Uy year of disturbance. (2001 carabid beetles)
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Fiqure 14: pCA ordination diagram of all carabid beetle species caught in 2002 in all plots with species scores (---+) and

pfõt s"ores (o). Species data log transformed'

Plot labels are described in Table 1'

Key to carabid bee¡e species: Ago cupl = Agonum.cupreum,Ago cup2 = Agonum cupripenne, Ago gra = Agonum

gratiosum, Ago pra = Agonum ptac¡ãim,AgJret = Agónum retrãctum, Ago r-or = Agonuy sordens, Ago tri = Agonum

trigeminum, Ama cup = Amara cupreolata.lqra imp - artara impuncticõttis, Bad obt = Badister obfusus' Bra sem =

Bradycettus semrpubescens, cal ing = catathus ingratus, cal fri'= Calosom'a frigidum, car cha = carabus chamissonls'

car mae = carabus maeander, caitae = carabus taedattus,cym uni = cym¡nãlt unicolor, Dic scu = Dicaelus sculptilis'

Har ful = Harpalus futvitabris, pat fov = patrobus tou""otl¡", Pailon = Patiobus longicornus, Pat sep = Patrobus

septentrioHrs, pla dec = ptatynusdecenfis, poe luc = Poeóitus tucubtandus, Pte ads = Pterostichus adsfricfus' Pte pen =

pterostichus pensy/ vanicus,sph nit = sphaeroderus nitidicottis, syn imp = synuchus impunctatus'
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Fisure 1g: RDA of the carabid beele species caught in 2001 in alf plots and significant environmental variables with

.p*i"r *ores (--r), plot scores (o) and environmentalvariables (- - - Þ). Species data log transformed.

Plot labels are described in Table 1.

Key to carabid bee¡e species:Ago cup = Agonum cupreum,Ago gra = Agonum_gratiosum, Ago Pla = Agonum placidum,

Agô qui = Agonum quiquepunctãtum,ngo r€t = Agonum ¡etractum,Ago sim = Agonum simile, Ago sor = Ag_onum

sõrdens,ngã tri = e,go;u* ftígeminum,-Am" lun J Amara lunieolis, Bad obt = Badister obfusus, Bra sem = Bradycellus

semipubesõ"ns, Caiing = Caiathus ingratus, Cal fri = Calosoma frígidum, Car cha = Carabus chamissonis' Car mae =

Carabus maeander,Ca-rtae = Carabis taedatus, Cym cri = Cymindís cribrícoltis, Cym uni = Cymindis u.nicolor, Dic scu =

Dicaelus sculptilis,ôip str = Diptocheita stríatopuinciata, Har fúl = Harpalus futvitabris, Har och = Harpalus ochropus, Lor

pif = Lonb era'pilicomib, Not ¡ni= Nofi'op hitus intermedrus, Pat fov = Patrobus fovecollis, Pat sep = Patrobus sepfenfnonr.s,

þh dec = ptatynus decenfis, Poe cor = Poeeilus carvus, Poe luc = Poecilus lucublandus, Pte ads = Ptercstlchus

adsfn'cfus, pte pen = pteros, ichus pensylvanlbus, Pte pun = Pferosfichus puncfafissimus, Sph nit = Sphaeroderus

nitidicoilis, Ste hae = Sfereocercus haematopus, Syn imp = Synuchus impunctatus.
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Discussion

lmplications and limitations of the methodology

Many techniques exist to sample insect populations, each with associated advantages and

disadvantages (Southwood 1978; Triplehom and Johnson2004). The method employed

in this study, pitfall trapping, has been used extensively to collect carabid beetles (e.g'

Barlow 1970; Loreau 1985; Niemelä et al. 1992; Werner and Raffa 2003). Pitfall trap

catches are influenced by factors that may bias the catch, consequently, results obtained

from pitfall trapping must be interpreted with caution (Spence and Niemelä 1994). It

should also be noted that pitfall trapping does not provide a measure, or even an estimate

of absolute abundance (Desender and Maelfait 1986). Pitfall trap catches are capable of

providing estimates of relative abundance (Spence and NiemeláL 1994), and that is how

they were used in the current study.

116

In this study there was a tendency for the traps to be dug up by animals such as moose

(which was once observed digging up a trap) and porcupines, often resulting in a partial

or complete loss of two weeks trapping data for that particular trap. Occasionally the

traps would collect large numbers of carrion beetles (Coleoptera: Silphidae), which were

probably attracted to the traps by the scent of decaying organic matter. The ca¡rion

beetles themselves seemed to produce an odor, which may have played a role in

attracting the animals that subsequently dug up the trap. Comparable studies have

reported similar problems (Wytrykush 2001; Capar 2003), and they would seem to be
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cotnmon to this type of research. A way of minimizing the impact of disturbed traps and

carrion beetles would have been to empty the traps more frequently, however in this

study, accessibility and distance constraints necessitated a two week interval between

collections. Snails, which afe an important prey item for many carabid species such as

Sphearoderus nitidicol/is (Digweed 1993), were often found on the underside of pitfall

trap lids. These snails may have served as an attractant to some carabid beetle species,

resulting in an over-representation of species which prey on snails.

As with all natural populations, those sampled in this study were subject to fluctuations

due to factors beyond the scope of this study. These fluctuations are evident when the

catch frequency of carabid beetles between sampling years are compared. The seasonal

occurrence patterns of individual species also impacted the results. in this study, carabid

beetles were caught most frequently at the beginning of the sampling seasons (late May)

and decreased as the season progressed. A longer sampling period beginning earlier in the

season and continuing into September would have yielded more results, however pitfall

traps were set as soon as spring conditions permitted access to allp1ots'

Unforfunately, in only two age classes were both burn and harvest sites established (1980

and 1961167). It would have been preferable to sample from a site in a recently bumed

forest to pair with the site that was harvested in 1995. This possibiliry was explored, but

forest fire suppression in the Duck and Porcupine Mountains has limited the number of

large fires since the early 1980s (Manitoba Natural Resources 1997).



Another factor to be considered is the harvesting practices of the forest industry, and how

they have evolved over the period in question. The techniques used to harvest in L967

may have been different than those used to harvest in 1995. The differences in harvest

techniques between 1961167 and 1980 may include reduced soil compaction, which may

improve conditions for re-growth of vegetation, and an increase in the amount of coarse

woody debris left on the site (Conway 1992).

Caution should be used when applying the results and recommendations non-aspen-

spruce mixedwood forests. The carabid beetle communities examined in this study differ

considerably from those found in other Manitoba forest types including white spruce-

balsam fir (V/ytrykush 2001) and black spruce (Capar 2003), although the carabid beetle

communities found in this study are consistent with those found in similar forests in

Alberta (Niemelä et al. 1992) and northern Wisconsin (Werner and Raffa 2000).

118

Replication accuracy and vegetation structure

It is important to be confident that the plots within sites were similar enough to pool the

resuits obtained from those piots. Holliday (1991), Niemelä et a1.. (1992) and Pearce et al'

(2003) have each reported that micro-habitat factors are among the most important

determinants affecting the small-scale distribution of carabid beetles. Accurate plot

replication is important as a means of minimizing the influence of local habitat variations.
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From a vegetation structure and species perspective, similarity within sites generally

increased with plot age, so that plots within recently disturbed sites were less similar than

plots within older forest stands. The overall trend in the vegetation structure \ryas an

initial, dense stand of young Populus balsamifera and Populus tremuloides in recently

disturbed sites. These had self-thinned by 20 years after the disturbance, and other

species such as Betula papyrdera, Picea glaucø and Salíx spp'' were present in the

understory of the 1980 sites. Canopy closure occurred approximately 30-40 years after

the disturbance, in the 1961167 sites. Patches in the canopy, caused by dying, mature

aspen, resulted in gaps where P. glauca and Salix spp. were found.

A very high density of shrubs and short sapling 'trees', primarily Populus balsamifera

and populus tremuloídes charactenzed all H95 plots. These plots also showed the highest

percent covel in the herb/moss stratum. The absence of a tree canopy ovet 2 m tall and a

high degree of local patchiness resulted in high light levels reaching the ground. All H95

plots had live, mature aspen trees that were left following the harvest (as patch tree

retention) and an often dense, highly variable layer of coarse woody debris. This coarse

woody debris was of recent origin and showed little signs of decay. Relative to other

sites, these plots showed the most variability in vegetation structure. This variation was

due to the interactions between the unique topography of each plot and the differences

between individual harvests. These differences included where machinery operated,

where the residual trees were left, and the distribution of coarse woody debris. Aside
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from the effects of heavy machinery, the variations observed in individual timber

harvests are similar to those reported for forest fires (Haeussler and Bergeron 2004).

The 1980 plots had a tree canopy that was higher off the ground, and shrub and

herb/moss strata that were less dense than the H95 plots. The reduction of the shrub and

herb/moss layers was due to the higher tree canopy that reduced the amount of available

iight nearer the forest floor. The tree canopy was still dominated by Populus balsamifera

and Populus tremuloides. Tlne 880 site showed some differences between plots. Plot

B80Al had a high density of Betula papyrifera in the tree stratum, although this

difference in the tree canopy did not seem to influence the composition of the understory

vegetation or the carabid beetle community. Plot 88042 had a much higher catch

frequency of Platynus decentis than all other 880 plots. The cause of this difference is

unknown and may be due to an environmental factor that was not measured during this

study. Coa¡se woody debris was abundant in all the 880 plots, and was often present in

large piles of bumed tree trunks. Within the H80 site, the two plots showed little

difference in the vegetation or carabid beetle communities. The H80 plots had a lower

percentage of trees that were Populus spp. and less coarse woody debris than the 880

plots. The shrub stratum of the 880 plots had more occurrences of coniferous species

such as Abies balsamea and Picea glauca.

The 1961167 plots were characteized by a further thinning of the tree stratum, and a

higher, denser tree canopy. This age class showed the highest levels of canopy cover and
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a conesponding low level of light reaching the forest floor. Johnstone et al. (200a) found

that canopy cover in aspen stands in British Columbia was highest approximately 30-40

years after the disturbance, the same stand age where canopy cover was greatest in this

study. The vegetation in the shrub and herb/moss strata varied little between the 196I/61

sites and the 1980 sites, and it appeared that many shade-tolerant species had established

themselves by 20 years after the disturbance. The tree canopy was still dominated by

Populus tremuloides, but an increasing number of coniferous species had become

established. Within the 86l site, plots were very similar in all vegetation and

environmental factors that \¡/ere measured. The H67 site aiso showed little variation

among plots. Additionally, the tree and shrub strata of the 861 and H67 sites were very

similar.

In the 1932 plots, the death of some mature Populus tremuloides created a more open

canopy with large gaps. These gaps resulted in large areas with increased light levels at

the forest floor, allowing for a 'sub-canopy' of coniferous trees and high shrubs,

primarily Alnus crispa and Corylus cornuta. Light penetration was greater than in the

1961167 sites and comparable to levels observed in the 1980 sites. The two 1932 plots

showed little variation, althoughB32A2 had a higher percentage of coniferous trees and a

shrub layer that was more dense than B3241. Coarse woody debris was minimal in these

sites, and consisted primarily of mature trees that had recently died. Virfually all

recognizable remnants of the forest fire were gone.
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Carabid beetle responses

The responses of carabid beetles observed in this study can be grouped into three

categories: (i) responses related to the time of year (seasonal responses); (2) responses

related to the time since the disturbance (stand age responses); and (3) differences and

similarities between responses to forest fire and timber harvesting (disturbance type

responses).

Seasonal responses

The time of year is an important factor in determining carabid beetle occuffence (Werner

and Raffa 2003). Some researchers have reported that the overall abundance of carabid

beetles remains constant throughout the season (e.g. Wemer and Raffa 2003). Most

studies however, have found that catch frequency varies with the season (e.g. Niemelä et

al. 1992; Lafrenière 1994; V/ytrykush 2001; Capar 2003). At latitudes similar to the

present study, the greatest number of carabid beetles occur in May-June, as this is the

primary activity period for many of the most frequently caught species. Studies which

have used similar sampling methods to the present study have reported seasonal

variations in the appearance and catch frequency of individual species (e.g. Niemelä et al.

1992; Werner and Raffa 2003).

In this study, carabid beetle catch frequency and community composition changed

throughout the sampling period. In all three sampling years, carabid beetle catch

frequency was highest early in the season, and then declined as the season progressed.
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The earliest samples from this study were removed from the pitfall traps in early June,

and may have been caught as early as May 22. The high catch frequencies observed early

in the sampling period are due primarily to one species: Platynus decentis. This species is

a forest generalist often associated with "mesic to hydric" deciduous forests (Epstein and

Kulman 1990), although Holliday (1991) reported much higher catches of P. decentis in

coniferous forests than aspen forests in the Interlake Region of Manitoba. The catch

frequency of this species \¡/as very high in all plots over the first few weeks of sampling,

and then declined steeply, findings consistent with those of 'Wemer and Raffa (2003).

platynus decentis is known to have two activity periods: one in the spring and early

suÍrmer when reproduction occurs, and a second in the fall (Bousquet and Pilon 1977)

(Table 16). The sampling period of this study did not extend into the second activity

period, and therefore P. decenlls appeared to have only one activity period.

The occurrence pafferns of species that v¡ere among the most frequently caught early in

the season, including Platynus decentis, Pterostichus adstrictus and Pterostichus

pensylvanicus were nearly identical to those reported in other studies and were in

accordance with known activity periods (Barlow 1970; Epstein and Kulman 1990;

Holliday 1991) (Table 16). Occunence patterns of Calosomafrigidum, which was caught

most frequently in early-June, and Agonum retractum, which was caught most frequently

in July were also very similar to those reported by Werner and Raffa (2003). Other

species that had high mid-season catch frequencies, included Calathus ingratus and

Agonum placidum Say. The catch frequency of Synuchus impunctatus was highest late in
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the season (August), fi.ndings similar to Bousquet and Pilon (1977) and Moore et al.

(2004).

These variations in seasonal occuffence and the resulting changes in carabid beetle

communities indicated that the ecological requirements of carabid beetles may have

depended on season as much as they did on other factors. Different emergence strategies

(i.e. some species over-winter as adults, while others over-winter as iarvae) (Table 16)

result in dynamic communities where one ecological niche may have been occupied by

several species, each at a different time of the season. Activity cycles of carabid beetles

have also been shown to foilow fluctuations in their prey (Hengeveld 1981; Loreau

1988). Calosoma frigidum preys mainly on caterpillars, particularly the forest tent

caterpillar (Malacosoma disstria Hubner) (Crins 1980). The adults of this species are

active early in the summer and may enter hibernation mid-sulrlmer, coinciding with the

pupation of their prey (Lindroth 1961-1969) (Table 16). There was little evidence of

major infestation by the forest tent caterpillar in any of the study sites, although the

southern portion of Duck Mountain Provincial Park did experience a significant outbreak

in the suÍrmer of 2001.

These changes in community composition necessitate an understanding of how

communities are structured at different times of the season. Possible future monitoring

surveys by forestry companies or government monitoring programs that use this study as

baseline information will need to consider the time of season when to best conduct their
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surveys. (i.e. sampling would have to be conducted over the same sampling period as the

current study, or during a small window when the composition of the expected

community is well understood).

Stand age responses

As stand age increased, carabid beetle catch frequency also increased. The 832 and 861

plots consistently had the highest number of carabid beetles caught. These plots had high

catch frequencies of Platynus decentis ard Pterostichus adstrictus. Werner and Raffa

(2000) reported that P. decentis \ilas a forest generalist associated with old growth forests

in the Great Lakes Region. Platynus decentis has also been negatively associated with

coarse woody debris (Pearce et al. 2003), which would have been less abundant in older

forests due to decay. Pterostichus adstríctus has also been reported to be a habitat

generalist, but is one of the most cofirmon insects in the boreal forest (Lindroth 196l-

1969; Digweed 1993) (Table 16). Pearce et al. (2003) found that P. adstrictus to be

positively correlated with the volume of moderately-decayed woody debris. Both species

were caught in all sites, but were caught much less frequently in more recently disturbed

plots. These findings are consistent with those of other studies which found timber

harvesting results in an initial decrease of forest generalist species, which then tend to

recover with succession (e.g. Lenski 1982;Niemelä et al. 1993; Butterfield 1997).

The number of species of carabid beetles caught varied little from the most-recently

disturbed sites to the oldest sites, and was not affected by time since disturbance. Werner
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and Raffa (2000; 2003) have reported similar findings in hemlock and hardwood

dominated stands.

Although the number of species did not vary considerably with time since disturbance,

the diversity of carabid beetle communities did. Alpha diversity (as measured by the log-

series o,), was highest in recently disturbed plots, and then steadily declined as stand age

increased. Carabid beetles in the 1995 site were the most even, and the level of evenness

decreased as stand age increased. These findings are supported by levels of species

dominance (Berger-Parker index), which were lowest in the 1995 site, increased in the

1980 sites, and again in the 1961167 and 1932 sites. Dominance levels were influenced by

Platynus decentis, which was the most frequently caught species in all but two plots in

2001 (H8042 and H9542). Increases associated with stands agemay be due to increased

available habitat in the form of accumulated leaf litter (Pearce et al. 2003).

These findings are consistent with other research that has suggested that the random

nature of recently disturbed sites provides more ecological niches and correspondingly

higher levels of carabid beetle diversity (Beaudry et al. 1997). The Jaccard index showed

that carabid beetle communities change over time and that as forest stands age after a

disturbance, the species composition of carabid beetle communities follows a similar

path.
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The catch frequency of the species that initially colonized the most recently disturbed

sites was relatively even. As these forests mafure following a dísturbance, the relative

catch frequency of some species of carabid beetle species seems to becomes very high,

but the overall number of species on the site changes very little. The species that seemed

to dominate the carabid beetle communities in older plots (in terms of catch frequency)

included Pløtynus decentis, Pterostichus adstrictus, and to a lesser extent, Calathus

ingratus and. Both P. decentis and Carabus taedatus are forest insects, a group which

traditionally see their numbers drop following a disturbance, then gradually return as the

forest matures (Niemelä et al. 1992). 
'While Pterostichus adstrictus is considered a habitat

generalist, it is one of the most frequently encountered species of carabid beetles in the

boreal forest. Calathus ingratus has also been reported to respond in a similar manner to

forest disturbances (Beaudry et al. 1997).

A high proportion of the species that colonizedttre most recently disturbed plots (H95)

are associated with meadows and dry, open spaces. These species included Agonum

cltpreum, Agonum cupripenne Say, Agonum pløcídum, Cymindis cribricollís Dejean and

Cymindis unicolor Kirby (Lindroth 196I-1969; Runtz and Peck 1994; Addison and

Barber 1997; Beaudry et al.1997; Apigian and Wheelwright 2000) (Table 16). Although

forest generalists such as Platynus decentis and Calathus ingratus were also caught in the

H95 site, they were caught with much lower frequency than in older sites and their

presence may be attributed to remnant populations which rernained from prior to the

harvest. Those older sites (H67, F,6l and 832) had the highest catch frequencies of forest



128

generalists, indicating that as time since disturbance increased, forest generalist species

returned to the sites.

A potential determining factor in differences between the number of beetles caught in

older stands and more recentlv disturbed stands mav be the amount of leaf litter. Older

stands tend to have a more litter because tt 
"r" 

hu, been more time for the litter to

accumulate. The depth and complexity of leaf litter is an important habitat component for

many carabid beetles, spiders and other afhropods (Uetz 1979; Bultman and Uetz 1984;

Koivula et al. 1999) especially in deciduous and mixedwood stands (Pearce et a1. 2003).

Mixedwood and deciduous leaf iitter provides more pathways and niches relative to

coniferous litter due to the interstitial spaces befween curled leaves. These spaces provide

more niches for prey items (Bultman and Uetz 1984; Pearce et aI. 2003), greater

opporfunity for carabid beetles to avoid competitors and predators (Pearce et al. 2003),

and greater stability in humidity and temperature conditions (Uetz 1979).

Pteroctichus adstrictus and Pterostichus pensylvanicus are generalist predators,

consuming both animal and plant material (Larochelle 1990; Digweed 1993). Despite

these similarities, P. adstrictzs showed a clear preference for older stands, while P.

pensylvaniczs showed a preference for younger stands, a trend similar to that described

by Capar (2003). Goulet (1974) and Pearce et al. (2003) have reported that P.

pensylvaniczs prefers sites with a deep layer of deciduous leaf litter and loose, moist soil.

As more recently disturbed sites had less leaf litter than more mature stands, it did not
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seem to be a determining factor in its distribution in this study, and the determining factor

may have been a variable that was not measured in this study.

Stereocercus haematopus is a holarctic species that is found primarily in the tundra

(Lindroth 1961-1969), although it has also been recorded from black spruce stands in

western Quebec (Paquin and Dupérré 2001). This species was caught almost exclusively

in the 832 site, most frequently in plot 832A2. It was also caught in plot 86142. Its

occurrence in a mature forest at such a relatively low latitude (relative to its normal

distribution) is difficult to explain; as is the localized, but high, catch frequency. V/ithin

plot 832A2, S. haematopus was not caught disproportionately in one part of the plot or

another. Its presence may be part of a disjunct population, however further sampling from

this area specific area in the Duck Mountain would be required to determine the exact

area this species inhabits.

It is probable that through random dispersal, individuals of most local carabid beetle

species arrive in recently disturbed sites soon after a disturbance event (Spence et al.

2003; Moore ef aL.2004). It can therefore be concluded that the environmental conditions

of the forest (as determined largely by time since disturbance and the intensity of the

disturbance) determine which species are successful in colonizing this new successional

stage of the forest.
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Disturbance responses

Harvested sites had consistently lower catches of carabid beetles than forests that bumed

at approximately the same time. The differences in catch frequency are due primarily to

the same forest species that were caught with greatest frequency in older sites: Calathus

ingratus, Platynus decentis and Pterostichus adstrictus. Harvested forests did have lower

species richness or diversity of carabid beetles than burned or mature forests. These

similarities differ from other studies that found clearcutting increases carabid beetle

diversity compared to mature forests (Duchesne and McAlpine 1993; Addison and

Barber lgg7). The differences that do exist between harvested and burned sites in this

study are greatest in more recently disturbed forests (i.e. 1980 paired sites) and smaller in

older forests (i.e. 1961167 paired sites). These findings are consistent with other carabid

beetle research conducted in Manitoba (wytrykush 2001; capar 2003).

The decrease in carabid beetle catch frequency soon after timber harvests differs from the

findings of Beaudry et al. (1997), who found that clearcut sites had greater numbers of

carabid beetles. Wemer and Raffa (2000) found that forest management regimes did not

affect species richness or the number of carabid beetles caught, but did have a signif,rcant

impact on species composition.

The Jaccard index was useful for comparing burn sites with paired harvested sites. The

mean Jaccard index of the 1961167 sites was higher than the value for the 1980
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bumlharvest. This indicated that the carabid communities in the two disturbance types

became more similar as time since disturbance increased.

The 861 andH67 sites had very similar carabid beetle communities, although the bum

sitehad ahigher average catch frequency of most species. In the1961167 sites, eight of

the ten most frequently caught species were caught more frequently in the burn site; four

of those eight were caught at least twice as frequently. The two species that were caught

more frequently in the harvested site, Calosomafrigidum and Synuchus impunctatusboth

favour dry, upland aspen stands (Niemelä et al. 1992) (Table 16), but this rather general

forest type description is insufücient to explain the distribution of these two species in the

current study. The increase in these species is encouraging from a conservation

perspective, because both have been observed to respond negatively to timber harvesting

(Beaudry et al. 1997). The species with the largest disparities in catch frequency between

burn and harvest sites were Carabus taedatus and Platynus decentís.

In the 1980 sites, the burn site had an average catch frequency nearly four times greater

than the harvest site in 2001. The difference is largely due to a low catch frequency of

Platynus decentis in the H80 site, which was more frequently caught in the H67 site. In

the 1961167 stands, the difference had been reduced to an average of trvice as many.

'Werner and Raffa (2000) summarized the three most cornmon responses of carabid

beetles to clearcut timber harvests that have been reported in the literature: (1) an increase
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in carabid beetle species common to open areas; (2) an initial decrease in forest

generalists; and (3) permanent disappearance of species that specialíze in a particular

forest type (forest specialists). The findings of this study exhibit the first two of these

responses, but not the third.

In the most recently disturbed site (H95), an increase in carabid beetle species common to

open areas was observed. Species characteristic of meadows and open areas that were

collected from the H95 site included Agonum cupripenne, Agonum cupreum, Agonum

placídum, Cymindis cribricollis and Cymindis unicolor (Lindroth 196l-1969; Niemelä et

al. 1992; Runtz and Peck 1994; Addison and Barber 1997;Beaudry et al- 1997) (Table

l6). Unforfunately because there was no burn replicate for the H95 site, it is impossible to

determine whether the presence of these species is due to the harvest itself, or rather to a

disturbance that removed the canopy. Many species that inhabit meadows and open areas

have also been collected in recently bumed forests (Natural Resources Canada 2004 and

references therein) (Table 16). It seems likely that some of these meadow-inhabiting

species would find the characteristics of both recently burned or harvested forests to be

suitable (temporary) habitats.

Timber harvesting decreased the number of forest generalist species and the catch

frequency of those that remained. Forest generalist species such as Calathus ingt"atus and

platynus decentis were present in the H95 site, but their catch frequencies were much

lower than in older sites. Other researchers have observed similar patterns with these
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species (Jennings et al. 1986; Niemelä et al. 1992; Niemelä et aL 1993). Although

Pterostichus adstrictus has been described as a habitat generalist (Niemelä et al. 7992),

its catch frequency increased in a manner similar to that observed in forest specialist

species. A similar pattern of initial decrease in catch frequency followed by a steady

increase was observed in the burned sites. The most recently disturbed burn site (B80)

had the lowest catch frequency of these species.

Determining whether timber harvesting is responsible for the permanent disappearance of

forest specialists is particularly difficult because the harvested sites were not sampled

prior to being harvested. It does seem unlikely that any forest specialist species were

eliminated by timber harvesting since only three of the 18 species found in the 861 site

were not found in the H67 site (Table 17). All three of these species, Agonum

quinquepunctatum Motschulsþ, Poecilus lucublandus LeConte and Stereocercus

haematopus, were caught with low frequency in the 861 site and did not appear to be key

components of the carabid beetle community in this forest type. Four other species,

Agonum gratíosum, Carabus maeander, Patrobus fovecollis Eschscholtz and Poecilus

corvínus Dejean, were collected in the H67 site but not the 861 site (Table 17). These

species were caught in low frequencies, and have been associated with younger, or more

open habitats Qrliemelä et al. 1992,1993).

Stereocercus haematopus was never collected from a harvested site. However, it was

caught almost exclusively in the B32 site, for which there was no harvest replicate. This is
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a species primarily of the tundra (Lindroth 1.961-1969) and this population may be an

ancient remnant. Agonum retractum, Calosoma frigidum and Carabus chamissonis are

aspen forest speciaiists to varying degrees (Niemelä et al. 1993). These species were

absent, or infrequently caught in the H95 site. Calosoma frigidum was caught in the 880

site, but virfually absent from both the H95 and H80 sites. It was caught in the 832 and

861 sites and most frequently caught in the H67 site. This seems to indicate that harvested

stands eventually reach a condition similar to that of a burned forest, but that it may take

more time. Agonum retractum was caught in all sites, and its catch frequency was not

significantly affected by disturbance type. Carabus chamissonis (which has also been

described as a spruce-bog specialist (Niemelä et a1. 1992)) was caught in all burn sites,

but only in the oldest harvest site. Furthermore, its catch frequency in the H67 site was

more similar to that observed in the 880 site, not the 861 site. The overall trend appears

to be that timber harvesting in aspen stands does not eliminate forest specialists, but

delays their refurn, perhaps by up to 20 years.

If timber harvest design is to successfully emulate forest fire, the same species should be

found in bumed and harvested sites of comparable ages. Table 17 shows species that

were caught in at least three plots each from the 880 and 861 sites. Of the 15 species that

meet these criteria from the 880 site, only three were not caught in the H80 site (note that

the H80 site had only two plots, compared to four in the 880 site). Of the 12 species that

were caught in at least three 861 plots, all were caught in at least one of the H67 plots,

and only three species were not caught in at least three plots. The overall representation
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of these species in harvested sites in encouraging. Agonum cupreum, which was caught in

the 880 site, but not in the H80 site, did occur in the 5-year old harvest, potentially

indicating that changes in harvest techniques may have provided habitat for this species.

Recommendations and future considerations

Continued research is necessary in order to gain a beffer understanding of the impact of

timber harvesting on the arthropod communities of aspen forests. Paramount to this

pursuit is an improvement in the knowledge of the biology and preferred habitats of

carabid beetles and other arthrooods of the boreal forest.

The acquisition of samples from a recently burned forest (i.e. less than 5 years old)

should be the priority of further research in this region. This study was unable to draw

firm conclusions about the immediate effects of timber harvesting on carabid beetles due

to a lack of recently bumed forest. The intensive (successful) fire suppression in the Duck

and Porcupine Mountains would seem to require a prescribed burn in order to answer

these questions. The establishment of burned and harvested permanent sample plots

(PSP), similar to those at EMEND (Spence et al. 2003), would facilitate the

understanding of some of these questions. PSPs which are sampled one or two years prior

to the disturbance, md continuously afterward, would be the ideal method for

determining how new species colonize recently disturbed sites. This method would also

provide a means of determining whether the old growth carabid beetle species found in
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younger stands are remnants of the old forest, or whether they have re-colonized the site

from surrounding forests.



Table 16: Carabid beetle species that were caught in at least 3 of 4
plots within either the 861 site, or the 880 site. Species that were not
caught in harvested sites of the same age class are indicated by *.

880 86l
Agonum cupreum'

Agonum placidum

Agonum retractum

Agonum simile'

Agonum sordens

Calathus ingratus

Calosoma frigidum

Carabus cf¡amrssonrsr

Carabus taedatus

Harpalus fulvilabris

Platynus decentis

Pte ro sti ch u s adsfncfus

Pte rosti ch u s pensylv anicu s

S p h ae rode ru s n itidi col li s

Synuchus impunctatus

Agonum placidum

Agonum retractum

Agonum sordens

Calathus ingratus

Calosoma frigidum

Carabus chamissonl,s

Carabus taedatus

Platynus decentis

Pte ro sti c h u s adstnbføs

Pte ro sti c h u s p en sy I v a n i c u s

Sphaeroderus nitidicollis

Synuchus impunctatus
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Species

Agonum cupreum

Agonum
gratiosum

Adult habitats

Open country (Prairie), sandy soil (a)

AgriculturalField (b)
1S-year old post fìre Lodgepole pine (c)

Open, moist soil, peat (a)
Fens, bogs (d)
Burned and mature aspen and spruce (e)

Spruce forest (k)

Open sandy soil (a)
Clearcut mixedwood (f)

Clearcut followed by prescribed burn (g)

Agriculturalfield (b)
Mature aspen forest (h)

Under bushes and hardwood trees (a)

Mixedwood clearcut and mature forest (f)

Aspen forest (i; k)
Mixedwood forest 0; k)

Mixedwood forest (l)
Clearcut cedar (m)
Aspen forest (n)

Under brush and deciduous trees (a)

Mixedwood forest: mature and clearcut (f; l)

Agonum placidum

Agonum retractum

Agonum sordens

Calathus ingratus

Foodl

Dlpteran eggs
Lepidopteran eggs
Ladybird beetles

Mealworms (captivity)

Clearcut mixedwood (f)

Clearcut Jackpine (g)

IUnless othenrvise noted, information is from Larochelle 1990.

Burned and control asPen and

Lepidopteran eggs and larvae
Slug (captivity)

Adult activity / breeding Overwinter stage

Mealworms (captivity)

Breeds late spring earlY
summer (h); but activitY
cycle ill-defined (e)

Females gravid late
summer (a)

??

2?

??

Larva (a)

??

Adult (a)

??

One activity cycle per
year which takes most of
the summer (dd);
Breeds early summer (k)

Adult (a)

Adult (a)

Adult (e; dd)
Larva (e; dd)

UJ
oo



Carabus
chamrssonls

Carabus
maeander

Burned spruce; and malure spruce (e)

Sedge (s)
Aspen forest (e; h)

Carabus taedatus Open gravely soil with low vegetation; open
coniferous forests (a)

Agriculture field (t)

Open dry country, tundra; mixedwood forest (a)

Mixedwood forest (l; n; P)
Lodgepole pine-sPruce (q)

Open moist ground; bogs; high humidity (a)

Clearcut (r)

Tundra (u)
Burned and mature aspen and spruce (e; o)

Cymindis unicolor Treeless country and north above tree line (a) ??

Tundra (u)

Patrobus
fovecollis

Ptatynus decentis Under bark and logs, frequently near water (a)

Mixedwood forest (l; v)
Clearcut (r)
Sugar maPle (w)
AsPen forest (e; h; i; k; R)

Rotten logs under bushes (A/nus) (a)

Mixedwood forest (l;v)
Aspen poplar forest (P)

Spruce bog (P)

Mealworms (captivitY)
Spider (captivitY)

Spiders
Earthworms (caPtivitY)

Lepidopteran larvae
Lepidopteran eggs (caPtivitY)

??

Mealworms (captivitY)

Mealworms (captivitY)
Earthworms (caPtivitY)

One activity cycle Per Adult (a)
year: late June to late
September (ee) but
variable (e)

Adult (a)

Adult (a)

'ì2

??

Two activity cycles Per Adult (dd)
year: First in spring when
reproduction occurs;
Second in late summer to
fall represent adults born
of the spring generation

??

Adult (a)

UJ



Pterostichus
pensylvanicus

Woodland and open - independent of forest
cover (x)

White pine (y)
Clearcut (m)

Sugar MaPle (w)

Under dead leaves and bushes (A/nus) (a)

Mixedwood forest (f; l;v;z)
Clearcut (f; m)
Spruce bog (p; aa)
Jack Pine (g)
Agriculture field (bb)
White Pine (y)

Maple forest (w)

Aspen forest th; k; o; R)
Under leaf litter, not under rotting logs; adults

occur in most forest tYPes (x)

Lodgepole pine 0)
Spruce forest (o)

Mealworms (captivity) Two activity cycles per Adult (x)

Dead P. pensyivanicus (captivity) year; First spring when

Snails (captivity) (SS) reproduction occurs'
Second in late summer to
fall (x)

N



Table 17: (cont.)

Species

Sphaeroderus
nitidicollis

Adult habitats

Moist places with moss and dead leaves; under
deciduous shrubs (a)

Mixedwood forest (f; v; z)
Clearcut (f; m;z)
Aspen forest (e; k)
Spruce forest (e)
Burned spruce; burned aspen (e)
Sugar maple forest (w)

Most abundant on the tundra; on rather dry, sandy
soil; northern coniferous forests (a)

Lodgepole pine forests (q)
White spruce forest (q)
Spruce bog (p)

Open country and light forests on dry ground (a)

Spruce/tamarack bog (aa)
Jackpine forest (g)
Clearcut (f; g; m; r)
Mixedwood forest (f;j; l; r; v; y)
Agriculture field (bb)

Sfereocercus
haematopus

Synuchus
impunctatus

Food

Snails and slugs (a; fD

White pine forests (y)
Lodgepole Pine forest (j)
Aspen forest (e; h j; o; p)
Spruce forest (e; o)
Burned spruce (e; o)
Burned aspen (e)
Sugar Maple (w)
Aqriculture field (cc)

Earthworms (captivity)

Adult activity / breedíng

PIant seeds (Scrophulariaceae)

One activity cycle per
year; reproduction
especially in the fall (dd);
may be bimodal(e)

??

Overwinter stage

Adult (a; dd)
Egg (a; dd)

One activity cycle per Larva (e; dd)
year; mostly August and
September (e; dd)

22

5



Table 17: (cont.)

References*:

a)
b)
c)
d)
e)
Ð
s)
h)
D

D
k)

D

m)

Lindroth (1961-69)
Cárcamo (1995)
Gandhi et al. (2001)
Blades and Marshall (1994)
Holliday (1991)
Addison and Barber (1997)
Beaudry et al. (1997)
Ostaff and Freitag (1973)
Carter (1980)
Spence et al. (1996)
Pearce et al. (2003)
Digweed et al. (1995)
Levesque et al. (1976)

* Full citations are listed in the references section'

n)
o)
p)
q)
r)
s)
0
u)
v)
w)
x)

v)
z)

Spence and Niemelä (1994)

Richardson and HollidaY (1982)

Niemelä et al. (1992)
Niemelä et al. (1993)
Duchesne et al. (1999)
Landry (1994)
Frank (1971a)
Holliday (1982)
Freitag et al. (1969)
Martel et al. (1991)
Goulet (1974)
Thompson et al. (1995)
Freitag and Poulter (1970)

aa)
bb)
cc)
dd)
ee)
fD

ss)

Runtz and Peck (1994)
Rivard (1964)
Frank (1971b)
Bousquet and Pilon 1977
Larochelle (1975)
Larochelle (1972)
Digweed (1993)

À
NJ



Summary and conclusions

Carabid beetle catch frequency changed with season. It was highest in early

June and lowest in late August.

Carabid beetle catch frequency was highest in older sites and lowest in the

most-recently di sturbed sites.

Timber harvesting resulted in lower average catch frequency compared to forest

fire, but there was considerable variation among plots within sites.

The number of species of carabid beetles was not affected by stand age, and was

virtually the same in all age classes.

The diversity of carabid beetles was highest and the species dominance was

lowest in recently disturbed sites.

in the most recently disturbed sites there was an increase in carabid beetle

species that prefer open areas (e.g. Agonum cupreum, Agonum cupripenne and

Cymindis cribrícollís).

When compared to forest fire, timber harvesting had littie affect on the species

composition and diversity of carabid beetles, but did reduce the average overall

catch frequency of carabid beetles.

Both fire and timber harvesting reduced the number and catch frequency of

carabid beetle species that are considered forest generalists. These species

returned as the stands matured, but did So more slowly in harvested stands.

2.

4.

5.

t43

7.
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9. Species that are considered mixedwood forest specialists were initially reduced

or eliminated by disturbance, but returned, although not as quickly in harvested

stands as in bumed stands.

10. Platynus decentis was caught with very high frequencies, and would seem to a

very important carabid beetle species in many of these forests, especially burned

stands 20 years old or more.

1 1. Leaf litter and coarse woody debris are important carabid beetle habitat

components in mixedwood boreal forests.
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Appendix I: Climate data from Swan River. Manitoba for the oeriods April 1

to ÕcffiEer 1,2000,2001,2002 and 30 year averages. Daily'maximuni
(solid line) and minimum (dotted line) temperatures and daily precipitation (columns).
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Appendix II: Plant species in each study plot by vegetation stratum with species and mean

density (tree stratum) or mean percent cover 1éhrub stratum and herb/moss stratum)'
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"-- ¡'o Vibumu.m edule (Mìchx ) Raf 1 1

Sa/ti sPP. O '4 Rubus idaeus L' 0'6

Poputus balsamifen l' 0 '4 Prunus pensylvanica L'.f . 0 5

Prunus spp. O '2 Apocynum andrcsaem¡folium L' 0-3

Disporumtnchycatqum(Wats) B &H O'2

Amelanchieratn¡fotiaNu]'1. 01

Prunus vtry¡n¡ana L 0''1

stems

1.6
0.8
0.4
0.4

Rosa ac¡cularís Liîdl

Stratum

Ame I a nch ier al n ¡fo | ¡ a Nvl'
Symph¡ocarPus albus (L.) BIake

Prunus sPP.

Rubus,daeus L.

V¡bumum edule (Michx.) Raf.

V¡bumum oqulus L-

Populus tremulo¡des Michx.
Prunus vîrgin¡ana L.

R,bes fnsle Pall.

percent
covel,

n

86142 Po\utus trcmulo¡des Michx.
A/nus ôtspa (Ait.) Pußh
Picea g/auca (Moench) Voss

Sa/,'i sPP.
Betula Paqvñlera Marsn'
Prunus sPP.

Po7ulus balsamitera L-

Herb/Moss

6.5
4.0
3.3
2.8
1.6

1.2
1.0
0.7
0.5

v¡ola puþescens
V¡bumum oqulus L

861 81 Populus tremulo¡des Michx 3O'8 Rosa aciculans Lindl' 10 6 Grass spp'

sal¡i spp. 5 4 o¡eru¡tta ton¡liîn u¡tl" 7"0 Anlia nudicaul¡s L

,Afnus cnspâ (Ajr.) Pursh 5'2 A/nus cnspa (A¡t ) Pursh 4'0

eetuta papyriten Marei. 3 6 Symphrccaryìus atbus (L') Blake 3 1

Þi.äíøiá"t¡¡o"n"r,rü*. 1'z '; Wfr::,#Æ1,1,,i. 7Z
Corylus comuta Maßh 1-5

Rubus ¡daeus L' 0-2

Ruôus acaulis Micht' 9 1

vibumumo\Ulusl' 0 1

Mean percent
cover'

l6l

24.4

0.8
0.4
o.2

86182 Populuslremulo¡desÁichx' 358 Rosaacicu/ansun¿1 12'6 AÊl¡anudicaulisL l5S

Pinus banks¡ana Lamb' 5 8 v¡bumum opulus ¡ 4'O Grass spp' 8 5

Sa/ix sPP. 3'6 Rubus ¡daeus L' 3'7

Populus balsam¡fera L. 22 Symphiocaryus aibus (L') Blake 2'1

Á/nus cnspa (Aìt.) euÃh 1'2 árbes fnsfe Pall 0 6

c,c"a gtrrc, lvoenäiJVoss 1? A/nus cnspa (Ait') Pußh 0'3

Betula papyrifera 
"."¡t 

--- o'8 D-isporun tnènycaryum (wats) B' & H 0 1

Poþulus tremuloides Michx 0'l
saìxspP. 0 1

2 Derived from ten 2m x 2 m samplìng quadrats per plot'
3 Derived from ten 1 m x 1 m sampl¡ng quadrats per plot'

Symphiocaryus albus (L.) Blake

Rosa aciculans Lindl.
Rubus daeus L.
Alnus cis7a (Ait ) Pußh
Ame I a n ch¡ er alnifol ia Null.
D¡eN¡lla lon¡cen Mill.
Sa¿x spp.
V¡bumum edule (Michx.) Raf.

Disporum trachvcaryum (Wats) B & H

V¡bumum oPulus L.

7.6 AÊlia nud¡caul¡sL 16 5

s.S Comus canadensis L 4.0

2.0
1.0
'1.0

1.0
0.4
o.2
0.'1

15.5
13.5



Appendix II: cont.

Po p u I u s t re mu Io i d e s M¡cnx.
Sa/,,i spp.
Populus balsamifen L.

Prcea g/auca (Moench) Voss
A/nus cnbpa (Ait.) Pursh

B8OA2 PopulustremuloidesMichx' 87 2 Ros¿ aciculaas Lindl'

Pooulus batsamifera L. 10.8 v¡bumum edule (Michx )Raf'
Satx sPP. 4.0 V¡bumum oqulusL'
Alnus èríspa (Ait') Pußh 1-0 Amelanchier aln¡fol¡a Nun'

Aloc|num a ndþsaemifolium l'
Shelherdia canadensß (L.) Nutt'
Rubus ¡daeus L.

B8OB1 Populus tremuloides Michx. 111.8 Rosa aciculans Undl'

salx spp. 8.8 v¡bumum edule (Michx') Rel.
Poputuibalsamifen L. 6.8 Shepherdia canader,sß(L') Nutt

Bàlula papyr¡teñ Maßh. 0.8 Sa/a spp'
vibumum oqulus L.

density
ns

s
82.6
21.6
18.0

4.4
0.8

Shrub

Rubus idaeus L.

P¡cea glauca (Moench) Voss
Am el a n chi e r al nifo I ¡ a Null.
Sa/¡iY spp.

Stratum

actculans

B8OB2 PopulustremuloidesMichx. 99.6

Populus batsam¡fera L. 1 5 6

Sa/,'i spp. 5.8

SYmPhiocarPUs albus (L') Blake
vÌbumum ooulus L.

Rubus idaeus L

- 
vibumum edule (Michx\ Ral'

H6741 Poputustremutoldesr,tiõr'"1 - - - -1L4'7rãulcã-sfalãif¡t"ð.1 .-] 
- - -

Populus balsamilen L. I 2 Symph¡ocarus a/bus (L') Blake

Alnus cr¡spa (Ait.) Pußh 7.6 Corylus comuta MaÊh
Pnrnf rs sDo 1.4 Vibumum oqulus L'

Sa/,'i spp. 1.0 Sâf,x sPP.
Pooulus balsamìfen L'
Co mus slolonifen Michx'
Dislorum tnchYcaryum (Wats) B & H

Rhamnu s alnîfolia L' Hél
Rubus idaeus L.

Prunus v¡tg¡nÌana L-

R¡bes lnsfe Pall.
R¡b e s o xva c a ntho id e s L.

Prunus PensYlvanica L' Í'
Rosa acrculans Undl.
Lonícera dio¡ca L.

R,bes /acustre (Peß ) Poir'
StæPiopus /oseus Michx'

Mean percent
cover

Herb/Moss

1.0
0.1
0.1

Picea g/aucâ (Moench) Voss
Apocynu m a nd m s a e m ¡fol ¡u m L'
Po pu I u s I re m u I oi d e s Michx.
Lonicera d¡oica L.

Populus balsamifen L.

Rosa aciculaas Lindl.
Apo cy nu n a ndro sa e n ¡fo I iu m L.

Shepherdia canadensis (L.) Nutt

Sa/x spp.

Aster c¡l¡olatus

10.3 Atatia nud¡caul¡sL 15 5

8.'1 Grêss sPP. 10 0
'1 .1

1.0
0.8
0.6
0.2

9.6 Grass sPP. 9 0

6.0 Rubus Pubescens Raf. 6 5

4.O
3.5
2.8

2.3
0.2
0.1
0.1

9.6 Grass sPP. 9'0
2.O Yrbla Pubescens Ait. 5 0

1.6
1.0
1.0
1.0
0.3
0.1- - -els - Ruoul¡¿aeusL. 11 0

2.1 V¡ota Pubescens AiL 5 0

2.0
1.7
'1.6
't.5
1.0
'1.0

1.0
1.0
o.7
o.7
o.2
0.1
0.1
0.1
0.1
0.'r

7.6 AÊtia nud¡caulisL. 13 0
5.5 Grass sPP 9 0

2.6
1;l
0.1
0.1
0.'1

26.1 AÊlia nud¡caulisL l2o
6.1 Vibumum edule lMichxl Rat 3.5

4.6
J. l

2.O
1.5
1.0
0.6
0.5
0.2
0.1
0.1
0.1

puDescens

162

Mean percent
cover

H6742 Populus tremulo¡des Micllx.
Populus balsam¡fera L.

Sa/ix sPP.
Prunus sPP.
,A/nus cnspa (Ait.) Pursh

H6781 PoPUlus tremulo¡des Michx.
A/nus cnspa (Ait.) Pursh
Populus balsam¡fen L.

Sa/ix spp.
Prunus spp.
Betula PaPYñfen Maßí-
Corylus comuta Malsh.
Picea g/auca (Moench) Voss

33.0

1.2
1.0

H6782 PopulustremuloidesMichx-
PoPUIus balsamiteÊ L.

Sa/a sPP.
Plcea g/auca (Moench) Voss
Prunus sOÞ.

Rosa aclculans Lindl.
A/nus cn:spa (Ait.) Pußh
Symph¡ocarpus albus (L.) BIake

Vibumum opulus L-

Prunus viry¡n¡ana L.

Rubus idaeus L-

Ribes oxyacantho¡des L

Cotylus comula Maßn
Rubus idaeus L-

Rosa aciculafls Undl.
Symphiocarpus albus (L.) Blake
Prunus v¡ry¡n¡ana L.

A m el a n ch i e I a I n if o | ¡ a Nutl.
Prunus pensylvanica L.'f .

VÌbumum opulus L.

¡lnus cnspa (A¡t.) Pußh
Sa/ix spp.
R/Ões tnsfe Pall.
Po p u I u s I re mu lo ¡d e s Michx-
Rhamnus alnilol ia L'Hél

Corylus comula Marsh.
Rosa acrculans Lindl.
RuDus acaul¡s Michx.
Rubus daeus L.

Picea glauca (Moench) Voss

12.4
7.8
7.2
3.0

0.4
0.2
0.2

20.4
Þ.o

u.o
0.2

Vibumum opulus L.

Disporun trachycagum (Wats) B. & H.

Prunus pensylvanicâ L. 1.

Sa/,* spp.
a/òus (L.) Blake

14.0
6.1
1.5
1.5
1.0
1.0
0.6
0.5
0.1
0.1

AÊl¡a nudicaulisL. 16.0

Ruôuspubescens Raf. 6.0



Appendix II: cont.

Cotylus comuta Maßh.
Á/nus cr-spa (Ait.) Pursh

^vÇr 
èPtçotertt rêttt.

Prunus spp.
Betula papyrifen Maßh.
Sa/x sPP.
Am el a nc h ¡e r al nitlo l ia Nutl.
Populus balsam¡Íera L.

H8042 Populustremulo¡desMichx.
Alnus críspa (A¡t.) Pursh
Sa/x spp.
B et u l a p a p y rífe ra Maßh.
Corylus comuta Maßh.
Populus balsamifera L.
Prunus spp.

Mean stem
density
stems

---n-e-sñ----Þóp ùiùiireäuttideiuitni:------ 3ra.0-- 3i?-'e9-orvqca4told-e-+
Populus balsam¡fen L. 138 .7 Çorylus comuta Marsh.

Shrub

1l .0

3.0

0.8
0.2

20.8
9.8

1.8
1.8
1.0
0.8

Corylus comuta Maßh.
Rosa acîcularis Lindl.
Vibumum opulus L.
vibumum edule (M¡chx.) Raf.
R¡,bes /acusfre (Peß.) Poir.
Symphiocaryus albus (L.) Blake
Rubus ¡daeus L.

Rubus idaeus L
D¡eq¡ll a lonicera Mill.
Symphiocarpus albus (L.) Blake
Rosa aciculans L¡ndl.
,A/nus cnbpa (A¡t.) Pureh
R,,bes fn:sfe Pall.
PnJnus vîryin¡ana L.
Ruôus acaulrs Michx.

Stratum

H9542 PopulustremuloidesMicllx- 416.0
Pooulus balsam¡feÊ L. 138.8

Mean
percent
cover

H9581 Populus tremuloides Michx. 546.4
PoDulus balsamìfeÊ L. 1 19.7

Herb/Moss

6.1 D¡eN¡Ia lonicera Mill.
3.7
2-0
1.7
1.6
1.1
0.2

5.6 ÂubuspuôescensRaf.
4.5 Vibumum edule (Michx.\ Ral
4.5
4.2
3.0
2.7
2.1
2.0

Pop ul u s t re mu lo id e s Michx.
Rosa acrcular's Undl.
Populus balsamifera L.
Symphiocatpus albus (L.) Blake
Rubus ¡daeus L
Prunus pensylvanica L. f.

Rosa aciculans L¡ndl.
Pop ulu s t re mul oi d e s Michx.
Corylus comuta Maßl'.
Sa/ix spp.
Comus stoloniteÊ Michx-
Prunus pensylvan¡ca L- L
SymphÌocapus albus (L.) Blake
Rubus idaeus L
Populus balsam¡fera L-
Prunus virg¡niana L.
Amel anchi e r a! niloli a Nult.

Corylus æmuta Matsh.
Pop u l u s t re mulo ¡ d e s Michx.
Rosa aclculans Undl.
Rubus idaeus L
Prunus pensylvan¡ca L. f.
D¡eruíIa lon¡cera Mill-
Prunus v¡ry¡niana L-
Alnus crispa (Ait.) Pursh
Symphiocaryus albus (L.) Blake
Amela nch¡er al ni[ol¡a Nutl.
Populus balsamifeÊ L.

Po p u I u s lre m u lo ¡d e s Mich,x.

Corylus comuta Maßh
Rosa acicularís Lindl.
.5a/x spp.
D¡eNiIa lon¡ceÊ Mill.
A m ela n ch ¡e I a l n ifol ¡a Nutl.
Prunus v¡ry¡niana L.
Symph¡ocaryus albus (L.) Blake
Populus balsamifera L-
RuÞus ¡daeus L
Prunus pensylvan¡ca L. l.

nuorcauns

r63

Mean percent
cover

H9582 Populus tremulo¡des Michx- 454.0
Populus balsam¡Íen L. 176.4

0.2
A a êr.êê ê^^

9.0

7.o Anemone canadensís L
6.0
5.2
0.7
o.2
0.1
0.1

29.0
26.5
7.0
Þ.u
2.O
1.0
0.5

0.1
0.1
0.1

12.5
11.5
10.3
a7

o.7
0.5
u.Þ
0.1
0.1

6.5
6.0

Grass spp.
Fîagaria v¡ry¡niana Duchesne

32ï-
6.0

Rosa aclcuians L¡ndl.

Vibumum edule

19.0
18.0

26.5
25.1

5.0
3.5
2.2
1.1

0.5
0.1
0.'1

0.1

AÊl¡a nudicaul¡s L.

Raf.

7.5
6.0

18.5
9.5



Appendix lll: Vegetation measurements for tree, shrub and herb/moss strata for all burn plots

Mean Tree Age
(n)

Mean Tree Height (m) (n) 20.5 (s5) 11.7 (63)

Mean Tree Density (/m2)t

NumberTreesDecles 6 q-----
- :'--l l--: j: -- - -'- - - - - - - - - - - - - :: -^- - - - - - - -,-.- : - - - _

o/o Pooulus sPP. ðu.u ar' I

83241

% Conifer

_ 
yo- 9!leJlr-e-e-sPP: - - - - - - - - - - - I 1.6- - - - - - - -1-7-.9 - - - -

Y""". Dl1T"l"-l 27 .o (44\ 21.2 (zsl
Popu,us spp (n)

Mean Diameter '14.2 ia a tza\
Conifer (n) (3)

Mean Diameter ?:1. 11.4 (1i)
_ 9]le_r_tle-e_s_pp: frl)_ _ _- _ _ - _ _ _ _ _(9¿ _ _ _ _ _ - - - ----'. - - - -- 

i¡-eã?r öãmiv ctovè' 87.1 80 g

69
(10)

832A.2

0.11

(1 0)

861A1

C.V.(X) Canopy Closure 3.0

5.5

0.14

Log-Sedes q

40 40 40 40
(10) (10) (10) (10)

s.7 (28s) 10.6 (177) 9.5 (236) 9.6 (258)

Mean % Light Intensilys

C.V.(X) Liqht lntensitY

86142 86181 86182

36.5

7817ÂÂ43--- 81.s--------õ0c-------ö;.i--------¡å.e---- 
----2ð.e--------ós'2--------e¿'i-------þö3 ---

% Shrub Cover'

Number Shrub Species

Shrub
Shannon-We¡ner Index

0.57

_ - _ _1_q3_ _ _ - _ _ _ - -2-2-1 - - - - - - - 9-1:9- - - - - - - -lt+ - - - . - - - -26- 9'- - - - - - - - 1.8- - - - - - - - -7-'6- - - - - - - - -e-'! - - - -

10.5(18e) 12.2('tzs\ ,,t;?l 1i;ll 43(140) 4e(4s3) 38(5s7) 43(5421

8.8

o.4o 0.47 0.52

1.38

% Bare Ground5

% Herb Covers

19.8 22.8

40.1 23.9

NA: Not apPlicable
1 Mean of five '10 m x 1O m quadrats per plot'
2 The maioritv of lhese slems were Eetula papyrifera
3 Mean oi teÁ randomly located readings per plot

' Mean of ten 2 x 2 quadrats Per Plol
t Mean of ten 1 m x 'l m quadrals per plol.

17.0

2.52

4.4
(76)

7.9

2.s 2 4 2.4 ?.!. 2.s (8,12\ ,1å ¿.i, _ l!q)_ _ _ -'åilÌ -ái?ì- .- åi:¿ ' ' $1i) .'-r¿ui------'-à;-:ó'---'---ài á-------¡¡ o

39.4

B8OA1

¿.4

7.0
(1 4)

1.0

1.07

'18.3

'16.0

24.5

12

1.99

21 21

(10) (10)

40.5

59.5

4.2 1647\ 7.7 (51 8) 6.3 (646) 6.3 (600)

B8()A2

14.7

6.9
(6)

3.3 2.1

1.47 0.90

1.34

29.4

I

35.5

64.5

B80B1

14.6 15.8 20.3

8.8 2.5 NA NA NA
(38) t22l

27.0

3.3

1.'10

1.40

21

20.8

10

1.59

(10) (10)

B8()B2

32.5

67.5

2.8

1.33

28.5

0.0

1.36

2'l

3'.1.2

1',!

1.62

41,5

58.5

23.7

0.0 0.0

1.23

5.'1

I

1.58

0.91 0.59 0.57 0 41

48.0

52.0

29.5

a.2 5.4

43.5

56.5

9.0 22.1 31 .9 16.6

5 7 10 I

13.3 41.2 24.3

28.7

0.98

56.6

44.0

10.5

63.7 36.5

1.49

37.0

ÞJ.U

1.84 1.36

46.5

53.5

Orè



Appendix lV: Vegetation measurements for tree, shrub and herb/moss strata for all harvest plots

Stratum
Tree

Mean Tree Age 34 34 34 34

Mean Tree Helghl (m) 9 4

Mean Tree Dens¡ty
(/m')

NumberTreespec¡es 5 5 I 6

d"=Þo-ïir."ãpp..-::1------6-8:ä-------soí-------5e-.5-------1ii.4---

H6741 H67A2 H6781

% Conil€r 0.0 0-0

. _2"_gt¡-"1 !t99 gpe.- - - - - - - - - -3-1.8- - - - - - - -1!0i0- - - - - - - -11-'1 - - - - - - - -6q - - -.
Mean.D¡ameler '12.2 9.7 .10.9 .lo.g

POpU'US Spp

Mean D¡ameter NA NA 9,0 4.0
uonIer

Mean D¡ameter 3.1 3.1 4.4 2.9
ôlhôr lraa cññ

- -ðå;ä;v aã5Í;; - - -' - - - - - -gb 
¿ 

- - - - - - -g2.5 - - - - - - - 6i 5- 
- - - - - - âì.i -' -'

13.1 9.2

0.40 0-35 0.36

C,V.(X) Canopy 4.5 B.B
utosufe

H6782 H8OA1 H8OA2

Log-Series a

c.V.lX) Lioht lntensitv 155.8 74 4 7! O 49'2

Shrub
% Shrub Cover 21 4 17 6 45 9 26'4

Mean % Light Inlensity 21.8

0.6

Number Shrub Species

7.5

Shrub r Âa
Shannon-Weiner Index

0.97 0.93

2.7

% Ground Cover

% Herb Cover

0.70 0.40 8.18

982222
' - - - ¡ã.0- 

- - - - - - s;if - - - - - - -1-cõ- - - - - - - -ioo - - - - - - -íoï - - - - - - - idd 
- - -

o.o o.o o.o 0.0 0.0 0 0

. - - -11 l- - - - - - - !9'2- - - - - - - -q 9- - - - - - - -q 9- - - - - - - -9-0- - - - - - - - 9'-0- - - -
6.6 IO.5 NM NM NM NM

21 6666

NA: Not appl¡cable

fä-:3taT,:äT::i rhar rh€ rrees in rhe H95 ptors were nor rau enough ro constitute a 'canopy (see Materlals and Methods for further explanat¡on)'

7.7 2

H9541

2.7

8.6 ',12.2

1.76

H9542 H95BI H9582

8.3 8.2

36.5 37.5

63.5 62.5

7

1.54

NA

2.9

74.6 80.0

1.00

222

9.87 11.82 11.20

13

1.84

NA NA NA NA NA

3.5 NA NA NA NA

8.4

1.47

32.7

1 15.7

34.0

't0

1.69

7.4

- - - -¡rT' - - - - - - -ñ[4- - - - - - - -Ñ¡¡ - - - - - - - 
Ñtui 

- - -

1.43

28.9

Jt .o

ð

1.60

39.0

61.0

NM

NA

75.13

28.8

9

'1.98

58.5

41.5

NM

NA

29.4

69.9

27.5

I

'1.56

46.0

54.0

72.6

11

1.52

48.3 90.0

51.9 10.5

30.5

69.5

NM

NA

45.0

11

1.94

24.5

/ 5.J

69.9

12

30.5

69.5

25.5

7 4.5

o\(,ll



Appendix V: Vegetation measurements (mean + s.e.) for tree, shrub and herb/moss strata for all sites (the number of

plots follows the name of each site).

Stratum

Mean Age

Mean Height (m)

Mean Tree Density (/m2)

Number Species

% Populus spp.

% Conifer

832

-olo-ot¡elrgegpÈ -1-6q1.15- -191:9.0! -3a-5![]-8-- ----222-t9'4i------41'7-1959 --0:0:0:00----¡¡ãaño¡ameGr 
a4.1 + 2.gB .10.21 0.85 4.3 10.23 10.9 1 0.51 8.5 + 1.91 NM

Populus spp

69.01 0.0

16.1 1 4.40

0.13 I 0.02

Mean Diameler
Conifer

Mean D¡ameter 6.7 + 4.66 2.s I o.1o 2.5 I o.3l 3.41 0.33 3.21 0 31 NA

-3*?ii*i3$;; -d?.d.-rã- -sz.i-l6.s¡ - -eã.r-r1.0? - -sõ.s1Tz? - -t1s1î'tõ - - -ñtu'- - -

2't.0 + 15.53

C.V.(X) Canopy Closure

Log-Serìes c

Mean % L¡ght Intensity

40.01 0.0

9-9 1 0.25

0.49 + 0.04

15.8 + 1 .57

c.v.(

% Shrub Cover

Number Species

Shannon-weìner Index

8.5 I 2.50

Her

21.0 1 0,00

6.'t lo.72

1.26 + 0.06

10.0 j 6.99

1.95 I 0.566

21.3 + 1.50

Site

% Bare Ground

% Herb Cover

NA: Not applicable
NM: Not measured
1 Conifers were recorded in only one of lhe four plots'
, lt *à" ¿etei.¡ne¿ that the treás in lhe H95 plois w€re nol high €nough lo conslitute a 'canopy'

6.9 1 0.83

32.0 + 8.06

32.0 17.48

'12,0 1 0.00

2.06 + 0.070

0.8 I 1-63

34.01 0.00

11.0 1 0.99

0.37 + 0.01

2.3 j 0.49

1.19 !0.127

'17.3 + 1.28

38.0 j 2.50

62.0 + 2.50

z.5l NA'

23.9 + 2.ZB

26.2 !2.44

9.8 !2.44

1.55 + 0.050

0.8 I 0.89

21.0 10.00

7.6 10.10

0.55 + 0.15

7.3 !1.26

0.62 I 0.104

21.7 +7.36

41.4 1 3.26

cö.o r J.¿o

6.5 I 2.50

19.7 !4.67

7.5 1 ',l.04

1.42 + 0.178

0.0 + 0.00

6.0 1 0.00

2.010.10

10.27 !O.81

8.51 1.58

1 .17 1 0.199

10.3 14.07

45.4 !4.O4

54.6 + 4.04

88.4 + 23.23

27.9 !6.28

12.0 !2.35

0.0 t 0.00

7.9 I 0.52

1.45 !0.022

30-8 I 1.90

86.7 + 28.94

36.8 I 1.05

63.3 + 1.05

32.8 t 4.04

8.5 + 0.50

NM

NA

58.1 I 12.84

S1.9 + 14.65

1.79 + 0.'190

52.3 ! 6.25

47.8 + 6.25

53.8 1 10.73

10.5 + 0.87

2.41 + 0.738

27.8 I 1.60

72.3 + 1.60

Ot
Oi



stems.

Tree stratum
spec¡es

Abies òalsamea (L.) Mill.

Acer sp¡calum Lam.

A/nus cnspa (A¡t.) Pursh

Am el a nch i e r a I n ifol i a Nlll.

Belula papyrifen Maßh.

Corylus comula Marsh.

P¡cea 9/aucâ (Moench) Voss

Prceã manana (Mill.) BSP.

P¡nus banks¡ana Lamb.

Populus delloldes Marsh.

Prunus spp.

Sa/¡ix spp,
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Burn Sites
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0
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0

0
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0

0

20 187 122 ',154 179 108

0
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0
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0
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Appendix VI: cont.

Shrub stratum
s

Aó€s ôalsamea (L.) Mill.

Á/nus cñspa (Ait.) Pursh

Amelanch¡er aln¡folia Nvll.

Apocy nu m a nd m sa e m ¡fol ¡u m

Co mu s slolo n ¡fe n Michx.

Corylus comulaMaßh-

DieN¡lla lonicera Mill.

Ð¡sporum tnchycaryum
(wats.) B & H

Lonicen dioicê L.

Picea g/auca (Moench) Voss

Populus balsam¡fera L.

Po p ul u s t re mul o ¡ d e s Michx.

Prunus pensylvanica L. l.

Prunus v¡tgin¡ana L.
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Appendix Vl: (cont.)

Shrub stratum
species

Rhamnus aln¡folia L' Hé|.

Rróes /acusfre (Pers.) Poh

R ¡be s o xya c a nt ho id e s L.

Ribes fnsfe Pall.

Rosa ac¡culans Lindl.

Rubus acaul6 M¡chx.

Rubus ¡daeus L.

Sa/x spp

Burn Sites

B32A'l B'32 2 86141 86142 86181 86182 88041

o tol',r o

0

0

(0.5)

50 32 39
(6.5) (5.7) (2.8)

000
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14 11 fì(4.0) (4.5)

000
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17 18 6
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(1.0)

Shepherdia canadensis lL.l
Nult.

Slreplopus mseus M¡chx.
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V¡bumum opulus L.

000

000

0000
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Appendix vII: Description of the vegetation types (v-types) found in this study (based on Zoladeski et al' 1995)'

\,À White birch
hardwood and

Name

Aspen hardwood

banksiana, PoPulus
tremuloides, PoPulus

Betula papyrifera,
Populus balsamifera,
Pinus banksiana

Trembling aspen
mixedwood/low
shrub

(S) Rubus pubescens,
lonicera, Corylus comuta

v10

(Hl Aralia nudicaulis, Comus ¡ Luvisols

Trembling aspen
mixedwood/ leatner

Vaccin¡um myftittoides, Corylus e L, F, H,

Populus

comuta
(Hl Aralia nudicaulis,
M aianthemum canadense,

P¡nus banksiana, Picea

v13

manana,
P¡coa glauca

t The four most common overstory (tree) species'
, fnr"u most common shrub (S) ánà tnru" most common herbaceous (H) species.

" commonly occurring soil types followed by the soil horizons that may be present. The most commonly occurring horizons are in bold type

White spruce
mixedwood

. Brunisols, Luvisols

. L, F, Ae, Bll, Bm, BC, C

P¡cea manana,

Populus balsamifera
glauca,

¡ L, F, H, Ah, Ae, Bm, Bt, C(k)
o Luvisols

(H) Comus canadensrs,
M aianthemum canadense,
Aralia nudicaulis

Abies batsamea, Betuta (Hl Aralia nudcaulis, Comus ' Luvisols

Soils3

papyrifera

Vibumum opulus

. L, F, A(h)e, Bt, Bm, C(k)

cflspa,

àr'¡"it"n", Roóa acicutaris . L, F' H, Ahe, Ae, Bt, Bg, ckg' cg
(H) Comus canadensis, Aralia . Luvisols
nudicaulis, EPilobiun,

o Brunisols, Luvisols
. L, F, H, Ah, Ae, Bm, Bt, C(k)
o Luvisols
o L, F, Ahe, Ae, Bt, BC, C(k)

canadensis, M a¡anthemum
canadense

Betuta papyrifera. Stands are herb and shrub rich'

Occur oniiesh to moist, well to rapidly drained, fine

to coarse{extured mineral soils.

General
ffiilw¡tn a canopy dominated bY

. L, F, A(h)e, Bt, Bm, c(k)

The understory is relatively herb and shrub rich'

Occur on deep, moist, upland mineral soils, mostly

on flat to slightly undulating terrain.

¡ L, F, Ahe, Ae, Bt, BC, C(k)

mineral soils.

and conifers including Pinus banksiana, Picea

mariana o¡ Picea glauca.The herb and shrub

lavers are usually rìch in broadleaf species' Occur

mäinlv on deep, moist to fresh' well to rapidly

drainéd mineral soils.

Pinus banksiana as conifer components' The shrub

understory is typically dominated by Alnus cn'spa'

Occur on fresh, well-dra¡ned soils.

with Populus trcmuloides

or Betuta papyrifera in the secondary canopy' The

understory varies from shrub- and herb-poor to

moderateíy rich. Usually on deep, moist, mineral

{o



.-L^- ^r :^ri.,i,{,,^rô ^{ lra mnct fronr ronihr cât rñht soecies Of Cafabid U""13å
Appendix vIII: Total number of individuals of the most frequenily caught species of c9r;

d;bt "nd 
year of collection (the catch frequency of species listed was each > 5o/o of the total catch

from that studY Plot).

Plot 2000

tJ32A2 Carabustaedatus 32 Ptatynus decentis. 356 NS

Stereocerc us naématopus 19 Pterost¡chus adsfnbfus 172

Calathus ingratul ' n Sfereocercus haematopus 101

Pferosfichus rdrin.fr" 7 Carabustaedatus 56

Pterostichus PensYlvanicus 7
'SPhaeroderusnitidicollis 

- - I --edrÃr- --T"-;l;;";i"t;--- - -¿E- Þta-tvÂu;¿1len1¡{-- ?99 NS

. Agonum retractum 33 Pterostichus pensylvanicus 149

Catathus ingratus 21 Pterost¡chus adstrictus 80

Pterostichus peisylvanicus 15 Carabustaedatus 69

SPhaeroderus nitid¡coil¡s 11

PtelÐsfrchus ad stri ctu s
Pte rc stic h us p e n sYlv ani cu s

Platynus decenf,s
Ste re oce rc u s h ae m atoq u s
Carabus taedatus

86142 Calathus ¡ngratus' 
Pterostich us adstrictus
Pte rost¡ch us Pe n sY lva n i cu s

Carabus taedatus
PlatYnus decentis
Agonum retractum
S P h a e rod e ru s nîtidi col I i s

2001

IJ
o
o
6

Pte ro sti ch us ad st ri ct u s

Calathus ingratus

8618l Catathus ingratus 82 Platynus decentis

' CarabtJs laedatus 38 Pterostichus pensylvanicus

Agonum retractum 30 Ptemstichus adstictus

Píatynus decent¡s 27 Calathus ingratus
Carabus taedatus

86182 Carabus taedatus 26 Ptatynus decentis 328 NS

Catathus ingratui 24 Pterostichus pensylvanicus 141

Pterostichus peisytvanicus I Pte¡osfchus adsfnbtus 121

Pterost¡chus aoiíí¡cü" 
-- 7 catathus ingratus 58

Spnae.de*sr¡lø¡cott¡s --9- 9ala}u¡ta-ed-at!- - --'= = - ¡ - is- - - - -ú- ÞtãrfiuiaileltisBB0A1 Çatathus,nnorlj!"'"t"o 
- -ú - í'i:;/*;l;:;'-'Ë

synucfrus impuictatus 15 ne,rost¡"nu" p"nsylvanicus 63 Pterostichus pensylvanicus 54

Sphaeroderus ria'oAt¡, 12 Catathus ¡ngratus 26 calathus ¡ngratus 28

Agonum r"rrurrir'-- 
"- 3 Synuchus impunctatus 19 Synuchus impunctatus 21

Pterost¡chus adstrictus 14

n 2002

203
70

40
21
lÃ

IJ
10

o

Platynus decent¡s
Pte ro st¡ ch u s adsfrlclus
Calathus ingntus
Pte rosti c h u s P e n s Y lv a n ¡c u s

B8OA2 Catathus ingratus 16 Platynus decentis 603 Platynus decenl¡s

Agonum retractum 13 Pterostichus pensylvanicus !7. Pterostichus pensylvanicus

Platynus decent¡s I Agonum retractum 54 Agonum retractum

Sphaeroderus nitid¡coü¡s 7 Calalhus ingratus

Synuclrus imlunctatus 6

iarabus taedatus 3

Pferosfrchus adstrictus 3

88081 Catathus ¡ngratus 7 Ptatynus decentis 184 Platynus decentis

Sphaeroderus nftidícotlis 7 Caláthus ingratus 58 Calathus ¡ngratus

Agonum ntr""rr^ 3 Pferosfcf¡uã pensylvanicus 30 Pterost¡chus pensylvanicus

- Agonum sordens 3 Agonum retractum 22 Agonum retractum

FiatYnus decentis 3

484 NS
165
115
o/

301 NS
133
110
80

B8OB2

t NS: Plots were not sampled lhat year

Platynus decent¡s
Calathus ¡ngratus
S ph a e ro d e ru s niti d icol I ¡ s

18 Platynus decent¡s
11 Agonum retractum
8 Pferosfichus Pensvlvanicus

Calathus ingratus

48
Õ¿

1004
11À

ÀÈ

45

Platynus decent¡s
Calathus ingratus
Pte rosti c h u s pe nsy Iv a n ¡ cu s

297
79
M
Àa

retractum

231
Jö
38
22



Appendix VIII: cont.

Plot 2000

Synuchus impunctatus
Carabus maeander
Agonum gratiosum
Agonum superioris
Calathus ingratus
Carabus taedatus
P at robu s s e pte nt ri o n is
Pte ro stî c h u s adsfnbtus
Pte ro sti c h u s pe n sylv a n ic u s

H67M Synuchusimpunctatus
Platynus decentis
Calathus ingratus

H6781 Calathusingratus
Sphaeroderus nitidicollis
Ptercstichus adsfnbfus
Agonum retractum
Platynus decentis
Pte ro st¡c h u s pe n sy I v a n ic u s

H6782 Synuchus impunctatus
Calathus ingntus
Sphaerod erus nitidicol lis
Platynus decent¡s
Pte ro sti c h u s adsfnbfus
Pte rostic h u s p e n sy I v an i c u s

n

1

2001

1

1

1

1

1

1

1

7
4

Carabus maeander
Calosoma frigidum
Synuchus impunctatus

- - -- -- - -- -4sp!,vn g!?tl?yry.
H8OA1 NS

Platynus decentis
Calathus ingratus
Synuchus impunctatus
Pte rc sti c h u s p e n sy lva n i c u s
Agonum retractum

Platynus decentis
Pte ro stic h u s adsfabf us
Calathus ingratus
Agonum retractum
Pte rost¡c hus pe n sy I v a n ic us

Platynùs decentis
Calathus ingratus
Calosoma figidum
Pte ro st¡ c h u s ad st rictu s
Pte ro sti ch u s pe n sy I v a n ¡c u s

P te rosti c h u s P ensy I v a n i c u s

Calathus ingratus

H8042 NS Calathus ¡ngratus
Synuchus imPunctatus
Platynus decentis
S p h a e rode ru s n iti d i co I I is
Patrcbus fovecollis
Agonum gratiosum
Pte rostich u s Pe nsY lv a n ic u s

lo

lo
12

2002

Aoonum sordens
- - 

ùg s ñi - -,qg-,;ü,ì, - 

c-ujt re úin- 
- - - - - - - - - - - - - - - - 7 - - -p ø¡y¡i; a ¿ ¿ ; ;t¡ ¿

Agonum cupripenne 2 Agonum gratiosum
Agonum grat¡osum 1 Pterostichus pensylvanicus

Amara cupreolata 1 Carabus maeander
Carabus maeander 1 Agonum retractum
Patrobus septentionis 1 Synuchus impunctatus

Agonum sordens

H9542 Agonum gratiosum 4 Carabus maeander
Agonum sordens 3 Agonum gratiosum

Agonum cupreum 1 Agonum cuPreum
Agonum retractum 1 Synuchus impunctatus
Patrobus seatentionis 1

Pterost¡chus pensylvanicus 1

Synuchus impunctatus 1

H9581 NS SYnuchus imPunctatus
Platynus decent¡s
Calathus ingratus
Pte ro sti c h u s P e nsY I v a n i c u s
Agonum retractum

H9582 Sphaeroderus nitidicollis l0 Platynus decent¡s
Calathus ingratus 5 Pferosfichus pensylvan¡cus

Carabus taedatus 3 Calathus ingratus
Pterostichus Datruelis 2
Pterostichus pensylvanicus 2

172

165 NS

JJ
¿o
18

227 NS

61
ó¿
to

ptitiyàitï¿ecentiè

379 NS
100
86
oö
51

ÀA Pte rostich u s p e nsy lv a n i c us
Calathus ingntus

Platynus decentis
P le rosti c h u s pe n sy I v a n ic u s
Calathus ingratus

aa

Y

7
7

5d--NS

16
15
12

R

I

CJ¿

121

89

33 NS
20
10
I

JU3

70
39

72 NS

¿ó
25

135 NS
JO

27



Appendix IX: The number of carabid beefles caught, number of species caught, log-series o and evenness of carabid beetles in 2000 by plot'

Species

Agonum aff¡ne Kirby

Agonum cupreum Deiean

Agonum cupriqenne SaY

Agonum gretiosum
Mannerheim

Burn Plots I Harvest Plots 
..,

--.-- -^^.. -.^.. -o^o. oono, I ssz¡r uszAz H6781 H6782 H95Al H9542 H9582

Agonum plac¡dum SaY

Agonum pmp¡nquum
Gemminger and Harold

Agonum Punct¡cePs

Ago nu m rel ruct u m Leconle

Agonum simile RrbY

Agonum sordens Kirby

Agorum supenons L¡ndrolh

Agonum thoreYi Dqeaî

Ag o nu m t r¡g e m Ìnu m Liîdtolh

Ama ra cu p reol at a P ulzeY s

An ¡ so d aclyl u s sa n cl a ecru c ¡ s

Fabricus

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

I 
ro,"r

1

I

I

1

98

I

1

1

1

\¡
u)



Appendix IX: (cont.)

Species

Calathus ingÊlus DEean

Canbus cham¡ssonb F¡scher
von Wadlhe¡m

C a Ê b u s m a e a n d e r F ischel
von Wadlheim

Cárâbus laedalus LeConte

C y mi n d is u n icol o r Kitrby

Ha ryal us e rylhmpus Delean

Haryalus fulv¡labris
Mannerheim

Haryalus sp.

Palmbus septentñon¡s
Dejean

Plalynus decenl¡s Say

øerosf¡chus adslnblus
Eschscoltz

Ptemsl¡chus coru¡nus
LeConle

Ple mstichu s luclousis Oejean

Plemstichus patruelß Dejean

Ptercsl¡chus pensylvan¡cus
LeConte

B32AI

30

0

0

0

0

0

0

6

1a

2

0

0
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Appendix IX: (cont.)
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'Appendix X: The number of carabid beetles caught, number of species caught, log-series q and evenness of carabid beetles in 2001 by plot'
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Appendix X: (cont.)
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Appendix X: (cont.)
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Appendix Xl: The number of carabid beetles caught, number of species caught, log-series o and evenness of carabid beetles in 2002 by plot.
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Appendix XI: (cont.)

Species

Cym i n d i s u n icolor Kirby

Dicaelus scuþft7rs Say

Harpalus fulvilabris
Mannerheim

Patrobus fovecollis
Eschscholtz

Patrobu s longicornus Say

Patrobu s septentrionis
Dejean

Platynus decenfls Say

Poecilus lucublandu s Say

Pterostìchus adstrictus
Eschscholtz

P te rosti ch u s p e n sylvan i cu s
LeConte

Sphae roderu s nitìdicoll i s
LeConte

Synuchus impunctatus Say

B8OA1

1

1

0

0

0

0

0

34

2

¿l

BBOA2

Burn Sites
BBOBl

0

0

0

2

0

0

1 004

1

1À

144

4

I

Total individuals caught

Total species caught

Log-series c

Evenness

0

0

0

1

0

3

297

1

ó

44

2

BBOB2

0

0

1

0

0

0

231

0

I

3B

z

1

Harvest Sites
HBOAI HBOA2

225

IJ

3.00

-0.41

1

0

0

0

0

0

532

0

121

6

o

't262

17

2.78

-0.37

1

0

I

1

1

0

enÃ

0

70

4

15

494

16

J. to

-U. J{

Total

3

1

2

4

1

3

2466

2

33

M1

21

54

341

10

1.93

-0.61

786

12

2.01

480

17

.1,44

-0.31

3588

28

ooo


