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Abstract 

I sampled terrestrial arthropods in burned salvaged-logged, burned-unlogged and 

unburned conifer forest sites in southwestern Alberta. The richness, diversity and 

abundance of ground beetle (Coleoptera: Carabidae) species and genera, and spider 

(Araneae) and syrphid genera (Diptera: Syrphidae) were examined. Carabid richness and 

diversity was highest in the burned-unsalvaged site. However, abundance was similar 

among the sites. Carabids common to the burned areas included, Trachypachus, 

Sericoda, Harpalus and Amara species. Overall, yellow pans caught more carabid species 

and specimens with less sampling than pitfall traps. Spider richness and abundance were 

greatest in the unburned site. Pardosa predominated across all three sites and the number 

of web-building genera and specimens were highest in the unburned site. Syrphid 

richness and abundance were similar across the sites. Richness and abundance declined 

over the summer with peak capture rates in May-June. 
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1. GENERAL INTRODUCTION 

Insects and other terrestrial invertebrates play an essential roles in nutrient cycling 

and decomposition, as herbivores by eating wood, needles and seeds (Lattin, 1993) and as 

natural predators and parasites of other forest arthropods (Spence et al, 1998). 

Invertebrates also contribute significantly to forest biodiversity (Winchester, 1999) and 

are thought to influence long-term forest processes and productivity (Dajoz, 2000). An 

effort is being made to include invertebrates in research involving monitoring (Kremen, 

1992; Dufrene and Legendre, 1997) and the assessment of local diversity (Noguera et al, 

2002), but considering their numerical abundance and critical role in terrestrial 

ecosystems (New, 1993; Niemela, 1997; Rosenberg et al., 1986; McCullough et al. , 

1998), there is a general lack of knowledge on invertebrate communities. 

Forests change through succession and disturbance (Waring and Running, 1998). 

In addition to insects, disease and wind, fire is a main disturbance affecting forest 

succession and changing the mosaic of habitats available to invertebrates (Lattin, 1993). 

Periodic wildfire is essential to the succession of fire-dependent forests and natural 

communities (Evans, 1971; Verbisky and Sykes, 1997). The absence of fire in conifer 

forests, for example, can result in the disruption of natural nutrient cycles, accumulations 

of both downed and standing wood (Alberta Research Council, 1999), reduced 

understory plant diversity (Peltzer et al, 2000), and the potential loss of fire-dependent 

communities (Alberta Research Council, 1999). 
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Many invertebrates, particularly those associated with regions where fire is 

frequent, have developed strategies for surviving fire or recolonizing burned areas 

(McCullough et al, 1998). Fires can have an immediate effect through direct mortality, 

forced emigration or through the immigration of pyrophilous species (Andersen and 

Muller, 2000) which are attracted to forest fires to deposit their eggs on freshly burned 

wood (Evans, 1971). For example, ground beetles (Coleoptera: Carabidae) of the genus 

Sericoda are pyrophilus and may dominate numerically after a forest fire (Villa-Castillo 

and Wagner, 2002). Other beetles such as the long-horn beetles (Cerambycidae) are 

attracted to smoke, while others, such as the metallic wood-boring beetles (Buprestidae ), 

are attracted to heat (Dajoz, 2000). 

Reed (1997) reviewed the findings of a number of field studies and suggested a 

potentially predictable cyclical response of arthropods with the phase or frequency of a 

bum on the prairie grasslands. Although patterns depend on the surroundings and the 

species, on a single burned site, a cycle of species richness, composition and abundance 

would take place. In general, during the ' combustion phase' of a bum·, abundance 

decreases for most species. The initial bum conditions leads to a decline in species 

richness in areas where there is a high proportion of bum-sensitive species. In contrast, 

after a single bum species richness shows little change in sites where the majority of 

species are bum-tolerant. The higher soil temperatures, reduced soil moisture and litter 

characteristic of the 'shock phase', attracts species that benefit from the new conditions 

but also causes others to die or leave the area in search of food or cover. During the 

'recovery phase' that follows, vegetation productivity increases and generalist and 
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specialist plant-feeding taxa attracted to the new growth increase in numbers, bum

tolerant species persist and mobile species invade the site. If no further burning occurs, 

bum-sensitive plants and arthropods reinvade from nearby sites and bum-tolerant species 

decline. Overall, species richness would be highest where a landscape contains different 

successional stages and sites of varying bum frequency. 

The diversity of insects in relation to the structure of vegetation in different stages 

of forest succes_sion has been evaluated (Southwood et al, 1979). Plant diversity and 

insect diversity are thought to go through a number of stages during the process of 

succession; insect and plant diversity are low at the pioneer stage, rise rapidly to a 

maximum at an intermediate level of succession and decrease in later successional stages 

(Southwood et al, 1979). Recent research, however, has shown that changes in insect and 

plant diversity are not necessarily correlated (Siemann et al, 1998). At climax stages of 

succession, the numbers of insect species are usually lower than intermediate stages. 

However, there are often species unique to the climax environment (Dajoz, 2000). 

Invertebrates demonstrate differential responses to different types of disturbance 

(Rosenberg et al, 1986). For example, in a study of fire- and harvest-origin stands of the 

boreal mixedwood region of Alberta, Spence et al. ( 1998) noted different recovery rates 

for various invertebrate taxa depending on the nature of the original disturbance and 

successional stage of the forest stand. Therefore, on the basis of descriptive assemblage

level data, patterns observed for particular taxa can provide local information that can be 

used to identify an appropriate scale for sampling and of assessing how the variation in 

habitats is reflected in species assemblages (Kaila et al, 1997; Hughes et al, 1999). 
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Recently the salvage of fire-damaged timber has become increasingly common. 

This logging practice assumes that if trees in a burned forest are harvested quickly, some 

economic value can be salvaged before they decay (Mclver and Starr, 2000). Although 

salvage-logging of all wildfire and prescribed-burned stands for commercial value 

currently exceeds the ability of the industry, improvements in logging technology will 

likely lead to increases in this logging method in the near future (Alberta Research 

Council, 1999). Currently few guidelines for salvage-logging exist (Mclver and Starr, 

2000) and this sort of harvesting can potentially lead to a reduction in deadwood 

resources and soil carbon and a subsequent reduction in forest biodiversity (Alberta 

Research Council, 1999). 

1.1 Project Background 

In September 1998, a wildfire known as the "Sofa Mountain Bum", swept 

through part of southwestern Alberta burning approximately 445 ha of the Blood Timber 

Limit Reserve (#148A) and 1500 ha of Waterton Lakes National Park (WLNP). 

Subsequent to the fire, a salvage of the burned timber on approximately 26 ha was 

completed on the Timber Limit Reserve. In contrast, management prescriptions for the 

burned area in WLNP allowed for natural regenerative processes to occur. This situation 

provided an opportunity to compare the invertebrate assemblages on forested land under 

two different management regimes, post-fire salvage-logged and post-fire unlogged. 
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1.2 Thesis Objectives 

The initial objective of my study was to evaluate differences in the assemblages 

of a number of different invertebrate taxa between the two burned sites, burned-salvage 

logged and burned-unlogged, during the second and third year after the wildfire and 

logging took place. After the first season of data collection in 2000 I selected four groups, 

carabid beetles, spiders, syrphid flies and sawflies, for the project. Unfortunately, the loss 

of a large collection of identified sawfly specimens (Hymenoptera: Symphyta) prevented 

their inclusion in this project. However, a species list is available (See Appendix 4). 

Since I was able to identify the majority of the carabid specimens to species, the 

main focus group for my study was the carabid beetles. To augment the carabid species 

analysis, I considered patterns on a genus-level and examined spider and syrphid fly 

assemblages for the first year of the study. In this component, presented in chapter 3, an 

attempt was made to determine whether varying taxonomic resolutions ( species vs genus) 

demonstrated different results for carabids and if other taxa sharing the same habitat 

diverged in terms of their patterns of diversity and abundance. I was also interested in 

comparing the effectiveness of different trapping methods for carabid beetles. In chapter 

4, I compared the utility of two different trap types, pans and pitfalls, within each of the 

three forest sites. 

The main objectives were as follows: 

Objectives I: 1) determine differences in carabid beetle assemblages among burned

salvage logged, burned-unlogged and a primary forest site, and 2) compare the patterns 
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for carabid beetles (Coleoptera: Carabidae) with spiders (Araneae) and syrphids or hover 

flies (Diptera: Syrphidae), among the burned and unburned sites. 

Objectives II: I) compare species- and genus-level analysis for carabid beetles, and 2) 

examine the utility of collecting carabids with two different trap types. 

Objective III: I) provide baseline data on the invertebrates in and around Waterton Lakes 

National Park. 

To meet the overall objectives, I compared carabid beetle assemblages among the 

sites by considering the following variables, I) species and genus-level diversity, richness 

and evenness, 2) composition ( e.g. abundance and presence or absence of species and 

genera) and, 3) numerical patterns of individual species and genera. Patterns were 

examined both within and between two field seasons. For syrphids and spiders the 

variables included 1) genus-level diversity, richness and evenness, 2) composition, and 3) 

numerical patterns of individual genera. For these taxa, patterns were only examined for 

the first year of sampling in 2000. To investigate differences in the catch by trap type, 

each site was considered separately. For each of the pan and pitfall samples I compared, 

1) carabid species richness, diversity and evenness, and 2) total number of specimens 

(abundance). 

1.3 Taxa of Interest 

The groups of interest were selected for, one or a combination of, the following 

reasons: I) ease of collection 2) presence in sampling sites 3) taxonomic knowledge and 

facility of species identification 4) functional type and, 5) use in similar research studies. 
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The following overview provides a number of the attributes that make each taxon suitable 

for inclusion in this project: 

1.3.1 Ground Beetles 

It has become increasingly common to use carabid beetles for landscape 

classification studies and as ecological indicators. Their utility in site assessment has 

been linked to characteristics such as their patterns of movement on the ground and in 

flight, habitat use and ability to penetrate various environments worldwide (Thiele, 

1977). Agricultural studies have used carabid assemblages for the management of land 

for pasture (Rushton et al, 1990) and to assess the sustainability of practices such as the 

use of pesticides, chemical fertilizer, herbicides and intercropping (Carcamo and Spence, 

1994; Ellsbury et al, 1998). In forest systems, carabids have been used to emphasize the 

importance of interspecific competition (Gunther and Assmann, 2000) and as indicators 

of the state of forest succession (Szyszko et al, 2000). Studies have also investigated the 

response of carabid woodland assemblages to forest fires (Holliday, 1991), fragmentation 

(Davies and Margules, 1998), non-native plantations (Magura et al, 2000) and logging 

(Niemela, 1997). The predaceous nature of many carabid species is the main reason they 

have been studied in a variety of contexts (Allen, 1976). Many carabids prey upon other 

soil fauna and may provide information on the nature and structure of soil communities at 

lower trophic levels (Beaudry et al, 1997). 

Carabids have been widely studied in relation to various forms of land-use. They 

have been advocated as a useful indicator group (Niemela and Kotze, 2000) and have a 
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number of ecological qualities that provide insight into successional processes of their 

environment (Frambs, 2000; Rainio and Niemela, 2003). However, there remains a 

dearth of information on the environmental factors that affect their assemblages 

(Carcamo, 1997). 

They are diverse, abundant and taxonomically well known (Rainio and Niemela, 

2003). Some species are highly sensitive to changes in habitat structure and 

environmental conditions (Niwa and Peck, 2002; Maelfait and Desender, 1990). Habitat 

associations of carabids have been studied in various forest regions (Holliday, 1991; 

Niemela et al, 1992; Halme and Niemela, 1993; Niemela and Spence, 1994; Koivula, 

2002) and species-specific adaptations to certain habitat conditions have been described 

(Thiele, 1977). Furthermore, recent research (Greenberg and McGrane, 1996; Cobb et al, 

2001) supports the utility of using carabids to assess the effects of post-fire salvage 

logging. 

1.3.2 Other taxa 

To consider whether a combination of taxa, in addition to carabid beetles, gives a 

more informative picture of the local conditions, I examined assemblages of spider and 

syrphid genera. 

Spiders 

Spiders are one of the most diverse arthropod groups (Bennet, 1999). Given their 

importance in forest ecosystems (Buddle et al, 2000) their response to changes has been 
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studied in various forest habitats (Mclver et al, 1992; Brnmwell et al, 1998; Halaj et al, 

2000; Uetz, 1979). Spiders demonstrate a clear response to forest harvesting (Huhta, 

1971; .Willett, 2001) and fire (Koponen, 1993; Niwa and Peck, 2002), and some species 

are highly sensitive to changes in habitat strncture and environmental conditions (Buddle, 

2001; Niwa and Peck, 2002; Maelfait and Desender, 1990). Further, particular spider 

families have been identified as potential indicators of spider species diversity as a whole 

(Marnsik and Koponen, 2002). 

Syrphids 

Syrphids (hoverflies, flowerflies) represent one of the largest families ofDiptera 

and have been described as useful indicators due to their varying habitat requirements 

and functional roles (Humphrey et al, 1999). In contrast to the adults which feed almost 

exclusively on pollen and nectar, some larvae depend on decaying wood, various plant 

parts or other insects as food (Sommaggio, 1999). Therefore, syrphids may be indicative 

of the diversity and abundance of other arthropod groups upon which they feed. Given 

their high mobility and occurence in a wide range of habitats (Speight, 1997) several 

studies have attempted to evaluate environmental conditions on the basis of their 

distribution (Haslett, 1991,1997, 2001; Bankowska, 1980; Kula, 1997; Mizuno et al. 

1997). In comparison to ground beetles and spiders, there is limited ecological 

information on syrphid flies. 
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2. METHODS AND STUDY SITE 

2.1 Study Area: Physical Setting 

I conducted the study in Waterton Lakes National Park (WLNP) and on the Blood 

Timber Limit Reserve (#148A) located ~270 Km south of Calgary and 130 Km southeast 

of Lethbridge, Alberta (Fig. 1 ). Prior to the Sofa Mountain fire, bums had not occurred in 

the vicinity of the study sites since the late 1800's (R. Schwanke pers. commun.). 

Waterton Lakes National Park 

Waterton Lakes National Park lies within the southwestem comer of Alberta 

between approximately 49°00' and 49°12'N, and 113°40' and l l4°10'W and 

encompasses an area of 52500 ha ( ~525 Km2
; 1300-2900 m elev. range). The park is 

bounded by the U.S. border with Glacier National Park, Montana, to the south, the British 

Columbia boundary to the west, along the Continental Divide, and by provincial crown 

and private lands to the north and east (Wood, 2000). 

Study sites located in the park were within the Montane ecoregion and a 

combination of the Belly River and Lookout Butte ecosites (Fig. 2). The Montane 

ecoregion is generally characterized by open and closed coniferous forest dominated by 

Douglas fir (Pseudostuga manziesii), Limber pine (Pinus flexilis), and Lodgepole pine 

(Pinus contorta); deciduous forest including Aspen poplar (Populus tremuloides) and 

Black cottonwood (Populus trichocarpa) are also common to this region (Achuff et al, 

2002). The Belly River ecosite occurs where soils are well drained, slopes are generally 

inclined but surfaces can also be level to undulating. Vegetation is mostly closed conifer 
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and aspen forest; however, mixed deciduous forest and meadow herb also occur (Achuff 

et al, 2002). 

Blood Timber Limit Reserve 

The Blood Timber Limit Reserve #148A (BTL), with a total land base of 

approximately 197 4 hectares ( ~ 19 Km2
), lies in the north-east comer of the park and is 

bounded on the south, east and west sides by WLNP and in the north by provincial green

zone lands within the municipal District of Cardston. The BTL is secondary to the Blood 

Tribe's main reserve # 148 located on the prairies, and was allocated to band members in 

1888 to provide an area for various cultural activities as well as access to timber 

resources for lodging, tipi poles and other building purposes (Wood, 2000). The BTL is 

drained by the main Belly River, which also serves as its eastern boundary, the North 

Fork Belly River, Indian Creek and a third unnamed tributary. The Belly River and the 

Waterton River eventually join and ultimately drain into the Saskatchewan River system 

and Hudson Bay (Wood, 2000). 

The BTL is predominantly forested and generally classified as Montane, 

Subalpine and Alpine ecoregions. The sampling sites on the reserve land were within the 

Montane ecoregion and Belly River ecosite (Fig. 2). Sites in the BTL and in WLNP were 

located at approximately 1700 m. 
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2.2 Site Descriptions 

Site selection was based on a number of factors, including nature and location of 

disturbance, ease of access, habitat similarity, slope and aspect ( east facing slope). Three 

sites were chosen for investigation: (1) one unburned site (UB) in Waterton Park (UTM: 

N 5438280.660 E296797.567, 49.06 N 113.78 W), (2) one burned-unlogged site (BUS) 

located in the park west of the boundary cutline (UTM: N 5436608.840 E300066.759, 

49.05 N 113.73 W) and, (3) one burned-salvage logged site (BS) located in close 

proximity to the west side of the WLNP/BTL boundary (UTM: N 5437127.790 E 

302345.233, 49.05 N 113.69 W). The study areas were primarily dominated by pine, 

spmce and aspen (Achuff, 1997) and the unburned site was thought to approximate the 

pre-disturbance condition (i.e. by referencing Park's Ecosite database) of the burned sites. 

The minimum distance between sites was~ 3 Km. 

2.3 Experimental Methods 

2.3.1 Sampling 

To accommodate the different phenologies of the various taxa, I emptied the pan, 

pitfall and Malaise traps at 7-day intervals from the end of May through September in 

2000 and 2001, as suggested for beetles (Niemela et al, 1993; Spence and Niemela, 1994) 

and other taxa (Finnamore et al, 1999; Winchester, 1999). Due to the large quantity of 

material obtained from each of the two 16-week field seasons, it was not possible to 

identify the specimens for the entire sampling period. Therefore, all specimens from 

every fourth week were selected as representative samples from each month of the 
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sampling season. In total, three weeks in 2000 and four weeks in 2001 were selected for 

this study. The discrepancy in the number of weeks selected for each year was due to 

early-season trap-loss from bears and snowfall, as well as the logistics of the initial trap 

set-up in 2000. 

Following a modified Ecological Monitoring Assessment Network (EMAN)-type 

sampling protocol (Finnamore et al, 1999), I situated three replicate sampling units within 

each of the three forest sites. The replicates were placed approximately 22 metres apart, a 

distance measured from the outer periphery of each circular cluster of traps. Each 

replicate consisted of a number of different trap types to sample the various taxa of 

interest. By looking at the vegetation cover and slope, an attempt was made to ensure 

that replicate locations were representative of the site as described and similar in their 

coverage of the conditions. Each replicate consisted of the following (Fig. 3): 

A) One Townes-style Malaise trap with the collecting container containing 70% ethanol 

pointing in a southward direction, with three grey (painted) rectangular pans (324mm 

x 228mm x 47mm) directly beneath the centre panel surrounded by, 

B) Five circular yellow pan traps (Safety Yellow, Munsell Book of Colours, Glossy 

Collection 5Y 8/12) dug into the ground such that lip was flush with surface (273mm 

in diameter x 79mm in depth) in a circle with each trap located approximately 5 m 

from the Malaise trap. 

C) Ten pitfall traps (two 450 ml plastic cups, 92 mm in diameter) dug into the ground 

with the rims flush to the surface, with a ceramic tile cover elevated by thin wooden 

pegs about 1 cm above ground; traps were placed in a circle with a radius of 
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approximately 10 m centred on the Malaise trap. 

Including all three sampling replications, each site produced material from a total 

of 3 Malaise traps with 9 Malaise pans, 30 pitfall and 15 yellow pans each week. I 

combined all samples of each trap type in a replicate sampling unit (i.e. material from all 

5 pans in one replicate were combined). The site set-up was consistent between 2000 and 

2001. 

2.3 .2 Field and Laboratory Methods 

Pan and pitfall traps were half filled with 50% propylene glycol as a preservative 

with a few drops of detergent as surfactant. Propylene glycol was selected as an 

alternative to ethylene glycol, a substance used frequently in the past, because it is less 

toxic to vertebrates that occasionally consume the fluid contents of the traps. All traps, 

except the Malaise, were emptied using hand-held aquarium nets; the contents were then 

transferred in the field to labeled ®vVhirl-Paks with water. On the collection day 

specimens from the pan, pitfall and Malaise pans were rinsed three times with fresh water 

to get rid of propylene glycol residue and stored in 70% ethanol at 4°C. Contents of the 

Malaise trap head were transferred directly into a glass storage jar with fresh 70% 

ethanol. 

To reduce sample loss in the burned-salvaged site, a protective electric fence was 

installed around replicates 1 and 2 in early June 2001; up to that point all of the Malaise 

traps and about 80% of the pan and pitfall trap samples from the site had been destroyed 
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by bears and/or other animals. A motion-triggered noisemaker was placed at the third 

replicate to deter bears from approaching the site. Due to the nature of the terrain and cost 

of set-up, the two park sites were left unprotected, but trap loss from these sites was 

minimal. 

2.3.3 Specimen Identifications 

As suggested by Winchester (1999), specimens used in much of the analysis were 

identified to species as opposed to a more general taxonomic identification (genus or 

family), to gain a higher resolution of information on the particular sites. Both species

and genus-level identifications were used for the carabid beetles. However, spiders and 

syrphids were examined only at the genus-level, although species identifications are 

available for the majority of the specimens. A number of individuals provided advice or 

identifications. D. Shpeley and G. Ball (Carabidae), University of Alberta, D. J. Buckle 

and J. Hancock (Araneae), R.Vockeroth (Syrphidae) and H. Goulet (Symphyta), 

Research Branch, Agriculture Canada. Published keys for carabid beetles (Lindroth, 

1961-1969), syrphid flies (Vockeroth, 1992) and sawflies (Goulet and Huber, 1992) were 

also used for identifications. 

2.3.4 Sampling Effort 

Due to trap loss from bears and other animals during the sampling period, I 

standardized the catches by multiplying the number of specimens/species by the total 

number of traps divided by the total number traps recovered for each replicate within 
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each site. During the 2000 field season, the number of pan and pitfall samples lost was 

low and from the selected sampling periods no Malaise samples were lost. I only 

considered data from 2000 for the analysis of syrphid flies and spiders. Therefore, 

standardization of counts required for these taxa was minimal. 

I plotted sample-based species-accumulation curves for carabid species for each 

site separately to assess whether the sampling effort was sufficient to obtain all or most of 

the species ( or genera) present. Similar curves were calculated for spider and syrphid 

genera and carabid species per trap type. Using Estimates Version 6 (Colwell, 1997), 

samples were randomized without replacement and the cumulative number of new 

species or genera were counted. The process was repeated 100 times and the final value 

of the averaged random-order species or genera was plotted. 

2.4 Statistical Analyses 

I analysed the data using SAS statistical software (SAS Institute Inc., Version 

8.01, 1999-2000 Cary, NC). I used a mixed 3-factor factorial design with repeated 

measures Analysis of Variance (ANOV A) to investigate patterns of species and genus

level richness, total abundance and relative abundance of particular species or genera. For 

the carabid beetle analysis factors in the ANOV A model included Site (3 levels: BS, BUS 

and UB), Year (2 levels: 2000 and 2001) and Week (7 levels: 3 weeks in 2000 and 4 

weeks in 2001). Site and year were fully crossed and weeks were nested within years. 

Pairwise contrasts between least squares means were performed when there was a 

significant site effect. Analyses for spiders and syrphid flies were performed at the genus 
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level and only the first year (2000) of data was considered. A 2-factor factorial repeated 

measures ANOV A was applied to the data. Factors included Site (3 levels: BS, BUS and 

UB) and Week (3 levels: Week 1, 2 and 3). 

For the comparison of carabid assemblages caught by different trap types, I used a 

2-factor factorial repeated measures ANOV A to examine differences in species richness 

and abundance between the trap catches in 2000 within each site. Factors included trap 

type (2 levels: Pan and Pitfall traps) and Week (3 levels: Week 1, 2 and 3). 

The repeated measures ANOV A analysis accounted for repeated measurement of 

replicates within sites over time. Tukey' s test was used for all possible pairwise 

comparisons of means for significant main effect. This test is similar to the t-test but is 

based upon a studentized range distribution and the experiment-wise error rate is 

corrected. Prior to the ANOV A analysis, all data were tested for compliance with 

normality using the Wilk-Shapiro test and homogeneity of variances with Bartley' s Fmax 

test. When necessary the data were transformed using either square root (x+0.5) or the 

natural logarithm ln [ln (x+ l)] to reduce heterogeneity among variances. Results were 

considered significant at p<0.05 . 

Data interpretation was limited by several factors. I was unable to obtain site 

replication due to the fact that there was a single fire and a single salvaged-logged area. 

Additionally, there was no pre-fire or pre-salvage log data to use as a reference for 

changes in the different assemblages. 
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2.4.1 Diversity 

Although I used the term 'species' , the following summary applies to both the 

species and genus-level analysis. Diversity was assessed using, 1) Richness (total number 

of species, S) and 2) Diversity Indices: Shannon-Wiener index, H' and inverse of 

Simpson's diversity index, D. Both of these indices are functions of the relative 

abundance of species found in each site but D is more sensitive to numerically dominant 

species whereas H' is more se.nsitive to changes in S (Magurran, 1988). Calculations for 

H' and D were performed using the program Estimates Version 6 (Colwell, 1997). Prior 

to the calculations, sample order was randomized 100 times in Estimates. A separate 

index of evenness (E) was calculated following the procedures outlined by Magurran 

(1988). 

D reflects the probability that any two individuals drawn at random from a 

population will belong to the same species (Kotze and Samways, 1999); the more diverse 

the population, the less likely this is to happen (Pielou, 1974). An increase in the 

reciprocal of D reflects an increase in diversity. For the Shannon-Wiener index, H' = 0 if 

there is only one species in the sample and H' will be at its maximum when all species 

present are in equal proportions (even) (Pielou, 1974). Additionally, if sites or samples 

are completely "even", the one with the larger number of species will have a higher H'. 

E, which reflects equality of species abundance, is constrained between O and 1.0, 

whereby all species are equally abundant if E=l. To look for differences between sites 

and years, the diversity indices were analysed using I-way ANOV A with SPSS 

statisitical software (SPSS Inc.Version 10.0.5, 1995). 
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The total number of species observed may vary with the number of individuals in 

a sample. Therefore, to account for uneven size of catch when comparing richness, 

rarefaction was used to calculate the number of species for subsamples of equal size for 

each of the three sites. The number of species in a subsample of the least number of 

individuals obtained in one sample was estimated using this technique (Magurran, 1988; 

Krebs, 1989; Gotelli and Colwell, 2001). Krebs (1989) describes the rarefaction 

procedure in full. For the ·calculations I used a rarefaction calculator available online 

through the University of Alberta at the following address: 

(www2.biology.ualberta.ca/jbrzusto/rarefact.php#Explanation). 

2.4.2 Composition 

I created rank-abundance graphs to examine the distinctness in species 

composition between sites. To examine variation in the number of individuals in species, 

I used abundance data from each year to create a series of species frequency-distributions 

for each of the sites. A chi-square analysis was used to look for differences in the 

distribution of species numbers. Prior to the analysis, species were placed into the 

following categories based on the number of individuals in each species: 1, 2, 3-5, 6-10, 

11-50, >50. 
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To measure the 'distinctness' of the assemblages, a complementarity index was 

computed for all possible site pairs using the following formula: 
Si ; 

L IX;; - X;1.:I 
i = l ~- ;,_ = -s-.. -----

J C 

L ffi.1. :-( (X,j IX;;,_) 

where Xij and Xik are the presence/absence values for the ith species in sites j and k. 

Complementarity values range between 0% ( all species are identical) to 100% (no species 

shared) (Colwell and Coddington, 1994). 

To contrast the complementarity index for the carabid beetles, two non-parametric 

test statistics were used to assess the equality of species numbers (presence/absence) 

among the sites. McNemar's test was applied to a similar pairwise comparison to 

examine differences in number of species between the sites and the Cochran's Q statistic, 

an extension of the McN emar' s test, was used to examine differences in species 

distribution among the three sites. 

2.4.3 Individual Species and Genera 

I used repeated measures ANOV A as described previously to compare the 

abundance of particular species or genera among the sites. Only dominant species and 

genera comprising greater than 5 % (Niemela et al, 1993) of the total catch were 

examined. 
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3. COMPARISON OF INVERTEBRATE ASSEMBLAGES AMONG UNBURNED 
AND POST-BURN LOGGED AND UNLOGGED SITES 

3.1 Results 

3.1.1 Ground Beetle Diversity 

3.1.1.1 Species 

A combined total of 4369 adult carabid specimens in 56 species and 22 genera 

were collected at the three sites using pan and pitfall trapping methods. Nine species 

(16%) and three genera (14%) were represented by a single specimen and thirteen species 

(23%) and four genera (18%) were represented by two specimens. 

At the unburned site, trapping in 2000 yielded 870 individuals of 17 species in 11 

genera. Although roughly the same number of individuals were caught in the following 

year, only three new species were found. In contrast, greater numbers of previously 

unsampled species were captured at the two burned sites during the second season of 

sampling. In the burned-salvaged site, the second season contributed 15 ( 48%) new 

species in 8 genera and in the bumed-unsalvaged site an additional 14 ( 44%) species in 6 

genera were caught; this suggested that the disturbed sites continue to change more from 

year to year than the undisturbed site. 

To compare the rate of species accumulation within each of the three sites, the 

average cumulative number of species was estimated per sample (i.e. all traps pooled per 

replicate) for each sampling season in 2000 and 2001. Using the program Estimates 

(Colwell, 1997), the sample order was repeatedly randomized 100 times. For both 2000 

and 2001, from the randomized species richness estimates, I took an average of the 



25 

increase in the number of species obtained over the entire sampling period. In 2000, there 

was an average increase of approximately 1.5 new species with each new sample per site. 

In 2001, species accumulation was slightly higher in the burned sites as opposed to the 

unburned site. In the burned-salvaged and the burned-unsalvaged site, on average, 2.5 

new species were obtained with each new sample. However, in the unburned site, 

approximately 1 new species was found with each new sample. A species accumulation 

curve was plotted with sampling effort (number of samples) on the horizontal axis and 

the cumulative number of species on the vertical axis (Fig. 4). The curves did not reach a 

plateau. This suggested that new species would have been added with additional 

sampling effort in each of the three sites. 

Considering the first and second seasons, species richness (S) was similar in the 

burned sites with or without salvage logging, both having significantly higher 

(F2,6=26.57, p=0.001) values than the unburned site. These differences were consistent 

between years (F2,36=1.43, p=0.25) and while each burned site differed from the unburned 

site (Tukey pairwise comparison, BS vs UB p=0.0016, BUS vs UB p=0.0019), they did 

not differ from each other (Tukey pairwise comparison, p=0.98); (Fig. 5 A and B).Of the 

three sites, the highest species richness was found in the burned-unsalvaged area; this 

result was confirmed by the estimated richness through rarefaction (Kotze and Samways, 

1999); (Table 1 ). 

The diversity indices demonstrated a pattern similar to the observed richness 

among sites. Species diversity and evenness were higher in the burned sites than in the 

unburned site (Table 1 ). In 2000, the Shannon-Wiener (H') and Simpson's (D) indices 
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Table 1. Diversity and abundance of carabid species from burned-salvage logged, burned-unsalvaged and unburned forest sites in 
2000 and 2001. 

No.samples 

No.specimens 
No.species 

R 

H' 

D 

E 

Burned-Salvaged Burned-Unsalvaged Unburned 

2000 2001 Total 2000 2001 Total 2000 2001 Total 

9 12 21 9 12 21 9 12 21 

513 771 1284 685 699 1384 870 830 1700 
22 31 37 27 32 39 17 13 20 

8.17±0.83 8.71±0.78 8.60±0.59 7.77±0.82 7.36±0.8 8.87±0.62 4.41±0.6 4.65±0.45 4.58±0.37 

2.11±0.08 2.30±0.04 2.27±0.03 2.11±0.02 2.83±0.03 2.33±0.01 1.23±0.09 1.37±0.01 1.32±0.01 

5.53±0.74 6.68±0.35 6.31±0.21 5.88±0.11 7.18±0.41 6.87±0.09 2.5±0.36 3.03±0.08 2.75±0.02 

0.68 0.66 0.64 0.58 0.69 0.64 0.43 0.53 0.44 
•Counts were obtained from 9 pooled replicate samples from 3 sample weeks in 2000 and 12 pooled replicate samples per site from 4 sample weeks in 
2001including yellow pan and pitfall trapping methods. R is the estimated mean number of species through rarefaction,± SE of the estimate for a subsample of 
N=23 . H' is the Shannon-Wiener index and D is the Inverse of Simpson's diversity index and ± SE of the index and E is a measure of evenness. See text for 
explanation. 

N 
00 
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showed slightly different results between the burned-salvaged and unsalvaged site. H' 

was identical for each site however D was higher for the burned-unsalvaged site. In 2001, 

both H' and D were highest for the burned-unsalvaged site. The indices differed among 

the sites in 2000 ((H') F2,6=101.87, p<0.001, (D) F2,6=45.62, p<0.001) and 2001 ((H') 

F2,9=107.2, p<0.001, (D) F2,9=128.l 7, p<0.001). In addition to fewer species, the uneven 

distribution of individuals among species in the unburned site contributed to its lower 

diversity. 

3.1.1.2 Genera 

Similar to the species data, I compared the rate of the accumulation of new genera 

in each of the three sites. From the randomized genus richness estimates generated in 

EstirriateS (Colwell, 1997), I calculated the average increase in the number of new 

carabid genera caught over the course of each sampling period in 2000 and 2001. In 

2000, approximately 1 new genus was caught with each new sample. In 2001, 

approximately 0.5 new genera were found in each site with successive sampling. When 

the cumulative number of genera were plotted as a function of the number of samples 

obtained, the burned sites appeared to accumulate new genera at a faster rate than the 

unburned area (Fig. 6). Similar to the species-level analysis the accumulation curves did 

not reach a plateau which suggested that previously unsampled genera would be added 

with additional effort in each of the three sites. 
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Figure 6: The average cumulative number of carabid genera+/- SE in 
burned-salvaged (BS), burned-unsalvaged (BUS) and unburned (UB) forest 
sites. SE values are too small for many points to appear in the figure. Samples 
were obtained from 3 sample weeks in 2000 (A) and 4 sample weeks in 
2001 (B) from 3 replicate sampling units within each of the three sites including 
pan and pitfall trapping methods. C) Represents the accumulation of new genera 
for 2000 and 2001 combined. 
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Significantly higher numbers of genera were found in the burned sites (F2,6 

=47.31, p=0.0002) but differences among the sites were not consistent between 2000 and 

2001 (F2,3s=5.77, p=0.0068). While each burned site differed from the unburned site, they 

did not differ from each other (Tukey pairwise comparison BS vs UB p=0.0003, BUS vs 

UB p=0.0004, BUS vs BS p=0.99); (Fig. 7). The highest numbers of genera were caught 

in the burned-unsalvaged site in the first season whereas the burned-salvaged site was 

highest in the second year. These results were confirmed by rarefaction for both 2000 and 

2001 (Kotze and Samways, 1999); (Table 2). 

As with richness, the diversity indices were higher for the burned sites than for 

the unburned site (Table 2). In 2000, the burned-salvaged site had the highest measure of 

diversity and evenness. However, in 2001, the burned-unsalvaged site showed the highest 

measure for Shannon-Weiner (H'), Simpson's (D) and evenness. Differences in diversity 

among the sites were significant in 2000 ((H') F2,6=101.88, p<0.001, (D) F2,6=45.62, 

p<0.001) and 2001 ((H') F2,9=107.2, p<0.001, (D) F2,9=128.2, p<0.001). 

3.1 .2 Ground Beetle Composition 

3.1.2.1 Species 

There was no difference in the total number of carabid specimens caught among 

the sites (F2,6 =1.18, p=0.37) (Fig. 8) and, as with species richness, this trend was 

consistent between 2000 and 2001 (Fs,36 =1.16, p=0.32). 

Species frequency distributions were examined for each of the three sites to 

compare the dispersion of individuals among species. There was no significant difference 
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Figure 7: Mean number of carabid beetle genera (richness)+/- SE from 
burned-salvaged (BS), bumed-unsalvaged (BUS) and unburned (UB) forest 
sites. Per site, counts were based on pan and pitfall samples 3 replicate 
sampling units for a total of 3 sample weeks in 2000 (A) and 4 sample weeks 
in 2001 (B).Different letters denote significant differences among the sites 
(P < 0.05). 



Table 2. Diversity and abundance of carabid genera from burned-salvaged logged, burned-unsalvaged and unburned forest sites in 
2000 and 2001. 

Burned-Salvaged Burned-Unsalvaged Unburned 

2000 2001 Total 2000 2001 Total 2000 2001 Total 
No. of 513 771 1284 685 699 1384 870 830 1700 
specimens 
No. of 12 17 18 16 14 18 11 8 12 
genera 
R 6.83±0.63 7.28±0.63 7.22±0.46 6.06±0.66 7.73±0.58 7.16±0.47 3.58±0.52 3.44±0.35 3.52±0.31 

H' 1.86±0.09 1.99±0.03 1.97±0.03 1.75±0.03 2.05±0.02 1.97±0.02 1.02±0.05 1.01±0.02 1.02±0.003 

D 5.05±0.62 5.64±0.19 5.53±0.16 4.49±0.08 6.35±0.23 5.65±0.13 2.18±0.09 2.23±0.03 2.20±0.007 

E 0.75 0.70 0.68 0.63 0.77 0.67 0.42 0.49 0.40 
* Counts were obtained from 9 pooled replicate samples from 3 sample weeks in 2000 and 12 pooled replicate samples per site from 4 sample weeks in 2001 
including yellow pan and pitfall trapping methods. R is the estimated mean number of genera through rarefaction,± SE of the estimate for a subsample ofN=23. 
H' is the Shannon-Wiener index and Dis the Inverse of Simpson's diversity index and± SE of the index and Eis a measure of evenness. See text for explanation. 
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Figure 8: Mean number of carabid specimens (abundance)+/- SE in 
burned-salvaged (BS), burned-unsalvaged (BUS) and unburned (UB) forest 
sites. Per site, counts were based on pan and pitfall samples from 3 replicate 
sampling units for a total of 3 sample weeks in 2000 (A) and 4 sample weeks 
in 2001 (B). 



35 

among sites in either 2000 ( x2 (Io)=6.32, p=0.79) or 2001 (x2 (lo)=l 1.44, p=0.32) and the 

distribution within each site did not differ between years (p>0.05). 

3 .1.2.1.1 Patterns of Individual Species 

Dominant Assemblage 

Overall, few species were dominant (>5% of individuals captured); (Niemela et 

al, 1993; Niemela, 1990) while many were represented by only one or a few individuals 

(Fig. 9 and Fig. I 0). Two Pterostichus species, P. adstrictus and P. sphodrinus, accounted 

for 35% of the total number of specimens caught. Trachypachus holmbe.rgi, and Sericoda 

quadripunctata, dominated numerically but were only found in the two burned sites. Two 

Ca/a thus species, C. advena and C. ingratus accounted for 21 % of the total assemblage. 

Bembidion grapii was present in similar numbers in the two burned sites and accounted 

for 11 % of the total catch. Scaphinotus marginatus accounted for 5% of the specimens, 

but was found predominantly in the unburned site. In contrast, thirteen species were 

represented by one individual and 31 others individually accounted for less than 1 % ( <45 

individuals) of the sample. Four species were at intermediate levels of abundance and 

each represented 1 % of the total number of specimens. 

The assemblages of dominant species in the two burned sites were slightly 

different in 2000 (Fig. 9 A and B).Most notably, the four dominant species differed in 

their numerical rank in 2000 but in the following year, they were identical (Fig. 10 A and 

B). In the unburned site (Fig. 9 C and 10 C), the numerically dominant species remained 

consistent between 2000 and 2001 except for a slight increase in the rank of P. adstrictus 
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Figure 9: Rank abundance plots of carabid species from burned-salvaged (A), 
burned-unsalvaged (B) and unburned (C) forest sites. Specimens were obtained 
from a total of 9 pooled replicate samples including pan and pitfall traps from 3 
sample weeks in 2000. The data were transformed by log 10 (x+ 1 ). 
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Figure 10: Rank abundance plots of carabid species from burned-salvaged (A), 
burned-unsalvaged (B) and unburned (C) forest sites. Specimens were obtained 
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as opposed to S. marginatus in 2001. All species that numerically dominated the 

assemblage in the unburned site in both the first and second year were found in each of 

the burned sites, although in lower numbers. On the other hand, of the species dominating 

the burned areas, only P.adstrictus was caught in the unburned site. 

There was no significant difference in the number of dominant species among the 

sites or within each site between years (Fisher ' s Exact Test, P>0.05). However, from 

2000 to 2001, the dominant species in both the burned-salvaged and burned-unsalvaged 

sites accounted for a lower proportion of the total assemblage whereas in the unburned 

site the dominant species accounted for similar proportions in each year of sampling. 

Each of the burned sites showed an increase in the proportion of less abundant species 

(i.e. <5%) from 2000 to 2001. In the unburned site, however, less abundant species 

accounted for a smaller amount of the assemblage in the second season, compared to the 

first. Therefore, the rate of change in the burned sites appeared high in comparison to the 

unburned site. 

Two species, P. adstrictus and C. advena, were represented in high enough 

numbers in each of the three sites to be examined statistically for differences in relative 

abundance (Table 3). Of these species, only C. advena was significantly more abundant 

in the unburned site as opposed to either burned area (Tukey pairwise comparison, BS vs 

UB p=0.0004, BUS vs UB p=0.0004). However, its occurrence in the burned sites did not 

differ (Tukey pairwise comparison, p=0.98). The abundance of five species: 

S. quadripunctata, B. grapii, T holmbergi, C. ingratus and H. laevipes did not differ 

between the two burned sites (Table 3). 
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Table 3. Results of Repeated Measures ANOV A comparing the 7 most abundant 
carabid species among burned-salvaged (BS), burned-unsalvaged (BUS) and 
unburned (UB) forest sites. _Contrasts were based on pan and pitfall samples from 
a total of 3 sample weeks in 2000 and 4 sample weeks in 2001. 

Species Site Interaction F p 

P. adstrictus BS VS BUS vs UB Site 2.16c2,6) 0.1968 

Site*Year 3.42(2,36) 0.0438* 

C. advena BS vs BUS vs UB Site 45.3(2,6) 0.0002* 

Site*Year 1.37(2,36) 0.2671 

S. quadripunctata BS vs BUS Site 6.l8c1,4) 0.0647 

Site*Year 0.58c1,24) 0.4532 

B. grapii BS vs BUS Site 0.460,4) 0.5364 

Site*Year 1.17(1,24) 0.2908 

T. holmbergi BS vsBUS Site 1.12c1,4) 0.3487 

Site*Year 0.36c1,24) 0.5561 

C. ingratus BS vs BUS Site 1.500,4) 0.2872 

Site*Year 3.50(1,24) 0.0734 

H. laevipes * * BS vs BUS Site 0.5(1 ,4) 0.4913 

* p<0.05 
** 2001 data only 
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Other beetle species 

Four species were collected in the unburned site but not found in either of the 

burned sites. Two of these species were restricted to the second sampling season and all, 

excluding Leistus ferruginosus, were represented by 1 or 2 individuals. A number of 

species found in the burned-unsalvaged site were not present in the others: Notiophilus 

simulator, N.aquaticus, Bembidion mutatum, Pterostichus riparius, Amara apricaria, A. 

idahoana, A. patruelis, A. cupreolata, Harpalus herbivagous, and Bradycellus cognatus. 

All of these species were relatively scarce (1-3 individuals) and represented only a small 

proportion of the assemblage. Four of these species were found during both sampling 

years, but the rest were restricted to either 2000 or 2001. In 2001, four new species 

appeared solely in the burned sites including Amara laevipennis, A. lunicollis, Trechus 

cognatus and Agonum retractum (Fig. 9 and 10). 

Species caught solely in the burned-salvaged site were represented by few 

specimens each (1-3 individuals): Bembidion viridicolle, B. rupicola, B. nudipenne, 

Amara sp.1, A. littoralis, Microlestes curtipennis, Lebia viridis, Cymindis unicolor and C. 

neglectus. None of these species were found consistently in 2000 and 2001; three species 

were caught during the first year of sampling and the others were restricted to 2001. 

Complementan·ty of the Assemblages 

Combining 2000 and 2001, carabid species caught in the unburned site accounted 

for 15 of those found in the burned sites (Table 4). Of the 37 species in the burned

salvaged site and the 39 species in the burned-unsalvaged site, a total of 24 species were 



Table 4: Comparison of carabid species common to burned-salvaged (BS), bumed-unsalvaged (BUS) and unburned 
(UB) sites in 2000 and 2001. 

BS and BUS BS and UB BUS and UB 
2000 2001 2000 2001 2000 2001 

A.quenseli A. retract um* B. quadrimaculatum C.advena A.ellipsis C.advena 
B.grapii A. laevipennis * C.advena C.ingratus B. quadrimaculatum C.ingratus 
B. quadrimaculatum A.lunicollis* C.ingratus P. adstrictus C.advena N. directus * 
C.advena B. dyschirinum * P. adstrictus P.sphodrinus C.ingratus P.adstrictus 
C.ingratus B.grapii P. ecarinatus S. marginatus P. adstrictus P. ecarinatus 
C. taedatus agassi B. quadrimaculatum P.sphodrinus P. ecarinatus P.sphodrinus 
C. cribricollis C.ingratus S. marginatus P.sphodrinus 
D.cognatus C. taedatus agassi S. marginatus 
P.adstrictus C. cribricollis Toregonensis 
P.sphodrinus D. cognatus 
P. ecarinatus H. laevipes * 
S. marginatus H.laticeps* 
S. bembidiodes H. nigritarsus * 
S. quadripunctata P. adstrictus 
Tholmbergi P.sphodrinus 

S. bembidiodes 
S. quadripunctata 
S.americanus* 
Tholmbergi 
C.advena 
T.cognatus* 

15 species 21 species 7 species 5 species 9 species 6 species 
*new to 2001 

.t::,.. 
>--" 
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commonly found in the two areas. In 2000, the measure of complementarity was highest 

between the burned-salvaged and the burned-unsalvaged site (i.e. most dissimilar) and 

least between the burned-unsalvaged and the unburned site (i.e. most similar) (Table 5). 

In 2001, complementarity was least between the two burned sites and greatest between 

the burned-salvaged and the unburned site. In summary, the measures of 

complementarity indicated that the carabid assemblages in the two burned sites were 

becoming more similar to each other and less similar to the unburned site from 2000 to 

2001. 

3.1.2.2 Genera 

3.1.2.2.1 Patterns of Individual Genera 

Dominant Assemblage 

Of the 22 carabid genera caught, six dominated ( 5%) the fauna (Niemela et al, 

1993; Niemela, 1990). The genus Pterostichus accounted for the largest proportion (35%) 

of the total assemblage and predominated in all three sites. The second most abundant 

genus was Calathus (21 %) and although present in the burned sites, this genus was more 

numerous in the unburned site. The four remaining dominant genera included 

Trachypachus (11 %), Sericoda (10%), Bembidion (8%) and Scaphinotus (6%). Since 

both Trachypachus and Scaphinotus include only one species each, results for these two 

genera were similar to the species-level analysis. Sericoda was represented by two 

species. However, its dominance in the burned sites was a reflection of the abundance of 

one species discussed earlier, S. quadripunctata. The prevalence of Bembidion in each of 
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Table 5. Complementarity (Cjk) of carabid species and genera in burned-salvaged (BS), 
burned-unsalvaged (BUS) and unburned (UB) forest sites. See text for calculation and 
explanation of complementarity index. Higher values indicate reduced similarity. 
Pair-wise Years Year Year 
comparison (2000&2001) (2000) (2001) 

Species Genus Species Genus Species Genus 

BUS/BS 
BUS/UB 
BS/UB 

59 
79 
78 

29 
50 
64 

84 
74 
78 

44 
58 
72 

63 
82 
87 

28 
78 
81 
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the burned areas was again largely due to only one of the eight Bembidion species, B. 

grapii. Therefore, the genus-level analysis generally mirrors the species-level analysis in 

terms of abundance. 

With the exception of Ca"lathus in the burned-salvaged site in 2000 and Harpalus 

in the burned-unsalvaged in 2001, the dominant genera were similar in the burned sites in 

both the first (Fig. 11 A and B) and second year of sampling (Fig. 12 A and B); there 

were, however, slight differences in terms of the numerical rank of each genus. In the 

unburned site (Fig. 11 C and Fig. 12 C), three genera, Pterostichus, Calathus and 

Scaphinotus, comprised the dominant assemblage and their representative proportions 

were identical in both 2000 and 2001; these genera were also found in each of the burned 

sites although they accounted for a lower proportion of the total specimens caught. 

There was no significant difference in the number of dominant genera among the 

sites or within each site between 2000 and 2001 (Fisher's exact test, p>0.05). However, 

the dominant genera in the unburned site represented a higher percentage of the total 

number of specimens in the unburned site as opposed to either of the two burned sites. 

From 2000 to 2001 the dominant genera in each of the burned sites increased in their 

proportion of the total assembage. In the unburned site, the dominant genera accounted 

for a similar proportion of the assemblage from 2000 to 2001. 

I found two genera, Pterostichus and Ca la thus, in high enough numbers in all 

three sites to examine for differences in abundance (Table 6). The abundance of 

Pterostichus differed among the sites and these differences varied between years. In 

2000, significantly higher numbers of Pterostichus specimens were found in the 
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Figure 11: Rank-abundance plots of carabid genera from burned-salvaged (A), 
burned-unsalvaged (B) and unburned (C) forest sites. Specimens were obtained 
from a total of 9 pooled replicate samples including pan and pitfall traps from 3 
sample weeks in 2000. The data were transformed by log 10 (x+ 1 ). 
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Figure 12: Rank-abundance plots of carabid genera from burned-salvaged (A), 
burned-unsalvaged (B) and unburned (C) forest sites. Specimens were obtained 
from a total of 9 pooled replicate samples including pan and pitfall traps from 4 
sample weeks in 2001. The data were transformed by log 10 (x+ 1). 



Table 6. Results of Repeated Measures ANOV A comparing the 5 most abundant carabid genera among 
burned-salvaged (BS), burned-unsalvaged (BUS) and unburned (UB) forest sites. Contrasts are based on 
pan and pitfall samples from a total of 3 sample weeks in 2000 and 4 sample weeks in 2001. 

Genus Site Interaction F P 

Pterostichus BS vs BUS vs UB Site 5.99(2,6) 0.0370* 

Site*Year 6.93(2,36) 0.0028* 

Calathus BS vs BUS vs UB Site 8.86c2,6) 0.016* 

Site*Year 1.84(2,36) 0.1736 

Sericoda BS vs BUS Site 0.23(1 ,4) 0.6570 

Site*Year 2. 70(1,24) 0.1131 

Bembidion BS vs BUS Site 0.05(1,4) 0.8294 

Site*Year 0.97(1,24) 0.3341 

Harpalus** BS vs BUS Site 0.31(1,4) 0.6080 

* p<0.05 
** 2001 data only 
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unburned site than the burned-salvaged site (Tukey pairwise comparison, BS vs UB 

p=0.03, BUS vs UB p=0.21, BS vs BUS p=0.35). However in 2001, abundance was 

significantly higher in the unburned site as opposed to the burned-unsalvaged site (Tukey 

pairwise comparison, p=0.04) and the remaining comparisons were not significant 

(Tukey pairwise comparison, BS vs UB p=0.08, BS vs BUS p=0.81). The number of 

Calathus specimens were significantly higher in the unburned site and differences were 

consistent between years. While each burned site differed from the unburned site ·(Tukey 

pairwise comparison, BS vs UB, p=0.009, BUS vs UB, p=0.007) they did not differ from 

each other (Tukey pairwise comparison, BS vs BUS, p=0.73). The abundance of 

Harpalus (2001 only), Amara, Sericoda and Bembidion did not differ significantly 

between the burned sites (Table 6). 

Other beetle genera 

Few genera were obtained in only one site and each of these genera was 

represented by 1-3 individuals of only one species. One genus, Leistus was collected in 

both 2000 and 2001 in the unburned site but was not found in either burned area. 

Bradycellus was restricted to the burned-unsalvaged site but was found only in 2000. 

Two genera, Lebia and Microlestes were caught in the burned-salvaged site, either in 

2000 or 2001, but were not found in the other sites. 

Within each of the sites there was yearly variation in the number ofless abundant 

(i.e.< 5%) genera. From 2000 to 2001 the number ofless abundant genera increased in 
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the burned-salvaged site but decreased in both the burned-unsalvaged and unburned sites 

(Fig. 11 and 12). 

Complementarity of the Assemblages · 

Considering both 2000 and 2001 , carabid genera caught in the unburned site 

accounted for 11 of the 20 genera found in the burned sites combined (Table 7). Of the 18 

genera caught in each of the burned areas, 15 were common to the two sites. In 2000, the 

burned-unsalvaged site had the highest number of genera in common with the unburned 

site. However, in the following year, the burned-salvaged site had more genera in 

common with the unburned site. In 2001, 4 new genera were common to the burned sites 

and 2 new genera, Agonum and Trichocellus were added to the list of common genera 

between each burned and the unburned site. As shown by the measures of 

complementarity (Table 5), as the similarity between the burned sites increased from 

2000 to 2001, their similarity with the unburned site decreased. 

3.1.3 Seasonal Patterns of Richness and Abundance 

To identify the best time in the season to sample the carabid fauna, I examined 

seasonal patterns in the number of carabid species and specimens caught. Combining data 

from the three sites, there was a decline in species and genus richness throughout each 

sampling season with the exception of a slight increase observed between May and June 

2001 (Fig. 13 and 14). In the first season, richness declined in a similar manner in the 

burned and unburned sites and consistently fewer species were caught in the unburned 



Table 7: Comparison of carabid genera common to burned-salvaged (BS), burned-unsalvaged (BUS) and 
unburned (UB) sites in 2000 and 2001. 

BS and BUS 
2000 2001 

Amara 
Bembidion 
Calathus 
Dicheirotrichus 
Pterostichus 
Sericoda 
Trachypachus 

7 genera 
*new to 2001 

Agonum* 
Amara 
Bembidion 
Calosoma* 
Cymindis* 
Harpalus* 
Pterostichus 
Sericoda 
Trachypachus 
9 genera 

BS and UB 
2000 2001 

Amara Agonum* 
Bembidion Calathus 
Calathus Pterostichus 
Pterostichus Scaphinotus 
Scaphinotus Trichocellus * 

5 genera 5 genera 

BUS and UB 
2000 2001 

Amara Agonum* 
Bembidion Notiophilus 
Calathus Pterostichus 
Notiophilus Trichocellus * 
Pterostichus 
Scaphinotus 
Trechus 
Trichocellus 

8 genera 4 genera 

VI 
0 
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Figure 13: Weekly mean number of carabid species (richness)+/- SE 
from the burned-salvaged, burned-unsalvaged and unburned forest sites. 
Counts were based on a combined total of pan and pitfall samples from all 
three sites from 3 sample weeks in 2000 (A) and 4 sample weeks in 2001 (B). 
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Figure 14: Weekly mean number of carabid genera (richness)+/- SE from 
burned-salvaged, burned-unsalvaged and unburned forest sites. Counts were 
based on a combined total of pan and pitfall samples from all three sites from 
3 sample weeks in 2000 (A) and 4 sample weeks in 2001 (B). 
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site (Fig. 15 A and 16 A). In the second field season, the initiation of an earlier sampling 

period showed that richness increased slightly from May 28 to June 25 in the unburned 

and burned-unsalvaged sites. However, richness declined in the burned-salvaged site 

from May 28 onward (Fig. 15 B and 16 B). 

As with species richness, there was a change in the total number of specimens 

caught over the summer. Carabid abundance declined throughout each season however 

there was a slight increase in the total number of specimens caught from May to the end 

of June in 2001 (Fig. 17 A and B).The three sites followed the same general trends in 

both 2000 and 2001 (Fig. 18 A and B).However, as with the richness pattern, as a result 

of the earlier sampling season a slight increase in abundance was detected in the burned

unsalvaged site from June 5 to June 25 in 2001 (Fig. 18 B). 

3.1.4 Trends in Other Taxa 

3 .1.4.1 Diversity 

From the 16-week field season that began June 26 and ended on September 11 in 

2000, three sample weeks, representative of each month of sampling, were selected for 

this study. I collected 3780 adult spiders in 16 families, 72 genera and 130 species and 

867 adult syrphid flies in 41 genera (Table 8). 

To observe the rate of the accumulation of new genera within each of the sites, for 

both the spider and syrphid fly data, the average cumulative number of genera was 

estimated per sample for the 2000 sampling season. On average, approximately fqur new 

spider genera were found with additional sampling effort in each site. For the syrphid 
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Figure 15: Weekly mean number of carabid species (richness)+/- SE from 
burned-salvaged (BS), bumed-unsalvaged (BUS) and unburned (UB) forest 
sites. Counts were based on pooled pan and pitfall samples from 3 replicate 
sampling units per site. Samples were obtained from 3 sample weeks in 2000 (A) 
and 4 sample weeks in 2001 (B). 
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Figure 16: Weekly mean number of carabid genera (richness)+/- SE from 
burned-salvaged (BS), burned-unsalvaged (BUS) and unburned (UB) sites. 
Counts were based on pooled pan and pitfall samples from 3 replicate sampling 
units per site. Samples were obtained from 3 sample weeks in 2000 (A) and 4 
sample weeks in 2001 (B). 
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Figure 17: Weekly mean number of carabid specimens (abundance)+/- SE from 
burned-salvaged, bumed-unsalvaged and unburned forest sites. Counts were based 
on a combined total of pan and pitfall samples from all three sites from 3 sample 
weeks in 2000 (A) and 4 sample weeks in 2001 (B). 
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Figure 18: Weekly mean numb-er of carabid specimens (abundance) +/- SE in 
burned-salvaged (BS), bumed-unsalvaged (BUS) and unburned (UB) forest 
sites. Counts were based on pooled pan and pitfall samples from 3 replicate 
sampling units per site. Samples were obtained from 3 sampleweeks in 2000 
(A) and 4 sample weeks in 2001 (B). 



Table 8. Diversity and abundance of spider and syrphid genera from burned-salvaged logged (BS), burned-
unsalvaged (BUS) and unburned (UB) forest sites in 2000. 

Syrphids Spiders 

BS BUS UB BS BUS UB 
No. of 255 303 327 670 815 2295 
specimens 
No. of genera 25 30 30 46 46 52 
R 6.9±0.75 6.9±0.75 7.87±0.81 4.63±0.75 4.88±0.69 4.65±0.75 

H' 2.43±0.02 2.44±0.02 2.79±0.29 1.95±0.11 1.99±0.17 1.93±0.23 

D 7.73±0.15 8.03±0.18 11.08±1.56 3.20±1.0 3.78±0.91 2.87±0 

E 0.75 0.71 0.79 0.50 0.52 0.50 
* Counts were obtained from nine pooled replicate samples from 3 sample weeks in 2000. Trapping methods included pan, pitfall and Malaise trnps for spiders and 
pan and Malaise traps for syrphid flies . R is the estimated mean number of genera through rarefaction ± SE of the estimate where subsample of N= l 0 was used for 
spiders and N= l2 was used for syrphids . H' is the Shannon-Wiener index and Dis the inverse of Simpson's diversity index± SE of the index and Eis the measure of 
evenness. See text for explanation. 
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flies , approximately two new syrphid genera were obtained per sample across the three 

sites. A genus accumulation curve was plotted with sampling effort (number of samples) 

on the horizontal axis and the cumulative number of genera on the vertical axis. Using the 

program Estimates (Colwell, 1997), a smoothed curve was produced by repeatedly 

randomizing the sample order 100 times. The general shape of the curves suggested that 

new spider and syrphid genera would have been added with additional sampling effort in 

each of the three sites (Fig. 19). The curve for a thoroughly sampled fauna with few or no 

genera being added with additional sampling would have reached a plateau. 

Spider Diversity 

Overall, spider genus richness differed significantly among the sites (F2,6=6.04, p=0.04) 

(Fig. 20 A). The unburned site had the highest total number of spider genera where the 

burned sites had the same number of genera (Table 8). Genus richness differed 

significantly between the burned-salvaged and the unburned site (Tukey pairwise 

comparison, p=0.04). However, the remaining contrasts were not statistically significant 

(Tukey pairwise comparison, BUS vs UB p=0.091, BS vs BUS p=0.77). 

Differences among the diversity measures were not significant ((H') F2,6=3.41, 

p=0.102, (D) F2,6 =1.012, p=0.42). There were only slight (less than 0.3) differences in 

the magnitude of the estimated mean richness through rarefaction among the sites. The 

measured evenness was slightly greater (by 0.2) in the burned-unsalvaged site and equal 

in the burned-salvaged and unburned sites (Table 8). 
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Figure 19: A comparison of the average cumulative number of syrphid and 
spider genera+/- SE from the burned-salvaged (A), bumed-unsalvaged (B) and 
unburned (C) forest sites. SE values are too small for many of the points to appear 
in the figure .Samples were obtained from 3 sample weeks in 2000 from 3 replicate 
sampling units per site. Trapping methods included pan, pitfall and Malaise traps for 
spiders and Malaise and pan traps for syrphid flies. 
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Figure 20: Mean number of spider (A) and syrphid (B) genera (richness) 
+/- SE from burned-salvaged (BS), burned-unsalvaged (BUS) and unburned 
(UB) forest sites. Per site, counts were based on samples from 3 replicate 
sampling units for a total of 3 sample weeks in 2000. Sampling methods 
included pan, pitfall and Malaise traps for spiders and Malaise and pan traps 
for syrphid flies. Different letters denote significant differences among the sites 
(P < 0.05). 
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Syrphid Diversity 

There was no difference in the number of syrphid fly genera among the sites 

(F2,6=0.49, p=0.63) (Fig. 20 B). Similarly, differences in the measures of diversity among 

the three sites were not significant ((H') F2,6=0.071, p=0.93, (D) F2,6=0.13, p=0.88). The 

estimated richness through rarefaction was equal in burned sites and the unburned site 

was higher by only 0.9 species. Differences, among the sites, in the magnitude of 

measured evenness values were relatively small (Table 8). 

3 .1.4.2 Composition 

Spider Abundance 

Mean abundance of spiders was much higher in the unburned site as opposed to 

either of the burned sites, mainly due to the preponderance of the genus Pardosa (1364 

individuals); (Table 8). The total abundance of spiders differed significantly among the 

sites (F2,6 =5.49, p=0.0076) (Fig. 21 A). Abundance differed significantly between the 

two burned sites and the unburned site (Tukey pairwise comparison, BS vs UB p=0.01, 

BUS vs UB p=0.02). The burned sites did not differ from each other (Tukey pairwise 

comparison, p=0.94). 

The distribution of individuals among the spider genera was compared among the 

sites. Spiders were placed into the following categories based on the number of 

individuals in each genus: 1, 2, 3-5, 6-10, 11-50, >50, and the resulting frequency 

distributions were compared using a chi-square analysis. The distribution of individuals 
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Figure 21: Mean number of spider (A) and syrphid fly (B) specimens (abundance) 
+/- SE in burned-salvaged (BS), burned-unsalvaged (BUS) and unburned (UB) 
forest sites. Per site, counts were based on samples from 3 replicate sampling units 
for a total of 3 sample weeks in 2000. Sampling methods included pan, pitfall and 
Malaise traps for spiders and Malaise and pan traps for syrphid flies. Differnt letters 
denote significant differences among the sites (P < 0.05). 
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among the genera did not differ significantly among the burned and unburned sites (x2cs) 

=10.5, p=0.23). 

Syrphid Abundance 

Syrphid abundance did not differ significantly among the sites (F2,6=0.60, p=0.58) 

(Fig. 21 B). Similar to the carabid beetle and spider analysis, the distribution of 

individuals among syrphid genera was compared among the sites. Syrphids were placed 

into the following categories based on the number of individuals in each genus: 1, 2, 3-5, 

6-10, 11-50, >50 and the resulting frequency distributions were compared using a chi

square analysis. The distribution of individuals among the genera did not differ 

significantly among the burned and unburned sites (x2cs) =l 1.5, p=0.18). 

Dominant Assemblage 

Spiders 

In the spider assemblage, there were a number of dominant (>5%) genera (Table 

9). The largest numbers of individuals were in the family Lycosidae, but this was mainly 

a reflection of the abundance of one genus Pardosa. Another dominant group was the 

family Linyphiidae. Of the 32 linyphiid genera caught, four genera including Agyneta, 

Zornella, Tapinocyba and Diplocentria, were very abundant. The remaining linyphiid 

genera were each represented by fewer than 40 specimens. The family Gnaphosidae was 

found in high numbers and two genera from this family, Micaria and Zelotes, were 

particularly abundant. The remaining 13 families each accounted for less than 5% of the 

total catch. 



Table 9. The most abundant spider families and genera including pooled counts from burned-salvaged, burned
unsalvaged and unburned sites in 2000. 

Spider Family Genus 
Lycosidae 

Linyphiidae 

Gnaphosidae 

Pardosa 

Agyneta 
Zornella 
Tapinocyba 
Diplocentria 

Micaria 
Zelotes 

No. Individuals 
2365 
2104 
779 
174 
171 
154 
84 
313 
244 
52 

Percent of Total 
63% 
55% 
21% 
5% 
4% 
4% 
2% 
8% 
6% 
1% 

0\ 
Vi 
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There were differences in the numerically-dominant spider genera among the sites. 

Of the three sites, the dominant genera in the burned-unsalvaged site accounted for the 

largest amount of the total assemblage; five dominant genera accounted for 86% of the 

assemblage (Fig. 22 B).Three genera dominated in the burned-salvaged and accounted for 

77% of the total number of specimens caught (Fig. 22 A). Four genera in the unburned site 

accounted for 80% of the total assemblage (Fig. 22 C).No significant differences were 

found in the number of specimens in dominant genera among the sites (Fisher's Exact 

Test, P>0.05). Spider genera represented by one individual were not presented on the rank 

abundance plots. In the burned-salvaged site these genera included: Aranella, Callilepis, 

Enoplogna, Gnaphosa, Hypselistes, Microlinyphia, Pellenes, Phidippus, Philodromus, 

Scotinotylus, Sisicottus, Spirembolus, Symmigma, Tennesseellum and Zornella. In the 

burned-unsalvaged site the genera included: Agroeca, Araneus, Bathyphantes, Callobius, 

Crustulina, Diplocentria, Ebo, Evarcha, Hybauchenidium, Islandiana, Lepthyphantes, 

Pellenes, Pityphyphantes, Robertus, Scotinotylus, Symmigma, Tibellus and Walckenaeria. 

In the unburned site the genera included: Ceratinella, Cyclosa, Dismodicus, 

Haplodrassus, Hybauchenidium, Larinoides, Microneta, Neoantistea, Scotinotylus, 

Spirembolus, Tachygyna, Thanatus, Theridion and Tibellus. 

One spider genus, Pardosa, dominated across all three stand types. The remaining 

dominant genera in each of the burned sites were also found in the unburned site, 

although in lower numbers. With the exception of Xysticus and Arctosa in the burned

unsalvaged site, the genera dominating the burned sites were the same (Fig. 22 A and B). 
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Figure 22: Rank-abundance plots of spider genera in burned-salvaged (A), 
bumed-unsalvaged (B) and unburned (C) forest sites. Per site, specimens 
were obtained from a total of 9 pooled replicate samples combining pan, 
pitfall and Malaise samples from 3 sample weeks in 2000. Genera represented 
by 1 individual each were excluded from the plots. The data were transformed 
by log 10 (x+ 1). · 



Other than Zornella, all of the genera that dominated the unburned site were less 

abundant in the burned areas (Fig. 22 C). 
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Seven spider families (Table 10), represented in high numbers in all three sites, 

were examined for differences in relative abundance. Since few genera numerically 

dominated in each spider family, the abundance pattern displayed by the family generally 

mirrored that of the dominant genera. Therefore, data are only presented for spider 

families. Of the families examined, only Clubionidae and Linyphiidae (Erigoninae) were 

significantly higher in the unburned site as opposed to either burned area (Table 10). 

Each family differed in abundance between both of the burned sites and the unburned site 

(Tukey pairwise comparison, Clubionidae, BS vs UB p=0.04, BUS vs UB p=0.04, 

Linyphiidae (Erigoninae), BS vs UB p=0.02, BUS vs UB p=0.03). However, the 

burned sites did not differ from each other (Tukey pairwise comparison, Clubionidae, BS 

vs BUS p=l.00, Linyphiidae (Erigoninae), BS vs BUS p=0.85). 

Syrphids 

Overall, a few syrphid genera dominated(> 5%) the samples numerically (Table 

11). The largest number of individuals was in the genus Eupeodes. Other dominant 

genera were Platycheirus, Sphaerophoria, Chrysotoxum, Xylota and Syrphus. 

Of the three sites (Fig. 23 A), dominant genera accounted for the largest amount of . 

the total assemblage in the burned-salvaged site; 6 genera accounted for 77% of the total 

sample. Within the burned-unsalvaged (Fig. 23 B) and the unburned site (Fig. 23 C), 5 

genera accounted for 75% and 60% of the sample, respectively. No significant 



Table 10. Results of Repeated Measures ANOV A for the seven most abundant spider families from burned
salvaged (BS), burned-unsalvaged (BUS) and unburned (UB) forest sites. Contrasts are based on Malaise, pan 
and pitfall samples from 3 sample weeks in 2000. 

Family Sub-Family Site Variable F P 

. Araneidae BS vs BUS vs UB Site 0.57 (2,6) 0.5927 

Clubionidae BS vs BUS vs UB Site 7.07(2,6) 0.0265* 

Gnaphosidae BS vs BUS vs UB Site 0.02(2,6) 0.9779 

Linyphiidae Erigoninae BS vs BUS vs UB Site 9. 74(2,6) 0.0136* 

Linyphiinae BS vs BUS vs UB Site 23.04(2,6) 0.0015* 

Lycosidae BS vs BUS vs UB Site 0.12(2,6) 0.8892 

Salticidae BS vs BUS vs UB Site 0.17(2,6) 0.7041 

Theridiidae BS vs BUS vs UB Site 0.5 lc2,6) 0.6227 

* p<0.05 

0\ 
\D 
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Table 11. The most abundant syrphid genera including pooled counts from bumed
salvaged, bumed-unsalvaged and unburned sites in 2000. 
Genus No. Individuals Percent of Total 
Eupeodes 168 19% 
P latycheirus 119 14% 
Sphaerophoria 100 12% 
Chrysotoxum 97 11% 
Xylota 68 8% 
Syrphus 60 7% 
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Figure 23: Rank-abundance plots of syrphid fly genera in burned-salvaged (A) 
bumed-unsalvaged (B) and unburned (C) forest sites. Per site, specimens were 
obtained from a total of 9 pooled replicate samples combining pan and Malaise 
samples from 3 sample weeks in 2000. The data were transformed by log 10 (x+ 1). 
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differences were found in the number of specimens in dominant genera among the sites 

(Fisher's Exact Test, P>0.05). 

All of the dominant syrphid genera, with the exception of Heringia in the burned

salvaged site, were common to both burned sites; there were however, differences in the 

rank order of the genera (Fig. 23 A and B).Three of the five dominant genera in the 

unburned site also dominated the burned sites (Fig. 23 C).The two remaining dominant 

genera in the unburned site Chrysotoxum and Cheilosia , were present in the two burned 

areas but were in smaller numbers. 

Four syrphid genera (Table 12) were in high enough numbers to examine for 

differences in relative abundance among the three sites. Of the genera examined, only 

Sphaerophoria was significantly more abundant in the burned areas and in particular, the 

burned-unsalvaged site. The abundance differed between each of the burned and 

unburned sites but the burned sites did not differ from each other (Tukey pairwise 

comparison, BS vs UB p=0.008, BUS vs UB p=0.008, BS vs BUS p=0.99). 

Other spider and syrphid genera 

Many of the spider and syrphid genera were caught in relatively low abundance. 

For the spiders, 48 genera (<92 individuals each) in the unburned site, 41 genera (<32 

individuals each) in the burned-unsalvaged site and 43 genera (<27 individuals) in the 

burned-salvaged site, each accounted for less than 5% of the total number of specimens 

caught. For the syrphids, 26 genera ( <12 individuals each) in the unburned site, 26 genera 

( <12 individuals each) in the burned-unsalvaged site and 18 genera ( <l O individuals) in 



73 

Table 12. Results of Repeated Measures ANOVA for the four most abundant syrphid 
fly genera among burned-salvaged (BS), burned-unsalvaged (BUS) and unburned (UB) 
forest sites. Contrasts are based on pan and Malaise samples from 3 sample weeks in 
2000. 
Genus Site Variable F p 

Eupeodes BS vs BUS vs UB Site 0.48(2,6) 0.6383 

Platycheirus BS vs BUS vs UB Site 1.43(2,6) 0.3115 

Sphaerophoria BS vs BUS vs UB Site 14.61c2,6) 0.0045** 

Syrphus BS vs-BUS vs UB Site 0.54c2,6) 0.6105 

* p<0.05 



the burned-salvaged site, each accounted for less than 5% of the total number of 

specimens caught. 

Complementarity of the Assemblages 

Spider 
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Of the 52 spider genera caught in the unburned site, 39 genera or 75% were found 

in either burned site. Of the burned sites, the burned-salvaged site had more genera in 

common with the unburned site (Table 13). The measure of complementarity was least 

between the burned-salvaged and the unburned sites and highest between the burned

unsalvaged and the unburned site (Table 15). This demonstrated that the bumed

unsalvaged site and the unburned site had the least similar assemblages. 

Syrphids 

Of the 30 syrphid genera caught in the unburned site, 25 or 83% were found in 

either burned area. The burned-unsalvaged site had the highest number of genera in 

common with the unburned site (Table 14). The measure of complementarity was least 

between the burned-unsalvaged and the unburned site. The burned sites showed the same 

measure of complementarity as the burned-salvaged and the unburned site. These results 

showed that the burned-unsalvaged site and the unburned site had the most similar 

assemblages. 
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Table 13: Spider families and genera common between burned-salvaged (BS), burned-
unsalvaged (BUS) and unburned (UB) sites in 2000. 

BS and BUS BS and UB BUS and UB 
Family Genera Family Genera Family Genera 
Lycosidae Alopecosa Lycosidae Alopecosa Lycosidae Alopecosa 

Arctosa Arctosa Arctosa 
Pardosa Pardosa Pardosa 
Trochosa Trochosa Trochosa 

Linyphiidae Agyneta Linyphiidae Agyneta Linyphiidae Ceratinops 
Diplocentria Diplocentria Diplocentria 
Microlinyphia Helophora Erigoninae 
Oreontides Hypselistes Ha/orates 
Spirembolus Lepthantes Helophora 
Symmigma Pitohyphantes Hybauchenidium 
Tapinocyba Sciastes Lepthantes 
Walckenaeria Spirembolus Oreontides 
Scotinotylus Tapinocyba Pityohyphantes 
Helophora Walckenaeria Scotinotylus 
Lepthyphantes Zornella Spirembolus 
Pityophantes Ha/orates Symmigma 
Ha/orates Scotinotylus Tapinocyba 

Gnaphosidae Callilepis Sisicottus Walckenaeria 
Haplodrassus Symmigma Gnaphosidae Haplodrassus 
Micaria Oreontides Micaria 
Zelotes Gnaphosidae Micaria Zelotes 

Philodromidae Thanatus Orodrassus Agelenidae Cryphoeca 
Tibellus Zelotes Amaurobiidae Callobius 

Araneidae Larinoides Haplodrassus Clubionidae Clubiona 
Agelenidae Cryphoeca Araneidae Larinoides Dictynidae Dictyna 
Clubionidae Clubiona Agelenidae Agelenopsis Hahniidae - Neoantistea 
Dictynidae Dictyna Clubionidae Clubiona Philodromidae Thanatus 
Salticidae Pellenes Dictynidae Dictyna Thomisidae Xysticus 
Theridiidae Robertus Philodromidae Thanatus 
Thomisidae Xysticus Tibellus 
Tetragnathidae Tetragnatha Theridiidae Robertus 

Theridion 
Thomisidae Xysticus 

12 Families 31 Genera 10 Families 33 Genera 10 Families 28 Genera 



Table 14: Syrphid genera common between burned-salvaged (BS), burned
unsalvaged (BUS) and unburned (UB) sites in 2000. 
BS and BUS BS and UB BUS and UB 
Brachiopa 
Chalcosyrphus 
Cheilosia 
Chrys·otoxum 
Dasysyrphus 
Eristalis 
Eupeodes 
Heringia 
Melangyna 
Lejops 
Lejota 
Leucozona 
Parasyrphus 
Pipiza 
Platycheirus 
Rhingia 
Scaeva 
Sphaerophoria 
Syrphus 
Volucella 
Xylota 

21 genera 

Blera 
Chalcosyrphus 
Cheilosia 
Chrysotoxum 
Dasysyrphus 
Eristalis 
Eupeodes 
Hiatomyia 
Heringia 
Melangyna 
Lejops 
Lejota 
Leucozona 
Parasyrphus 
Platycheirus 
Rhingia 
Scaeva 
Sphaerophoria 
Syrphus 
Xylota 

20 genera 

Arctophila 
Chalcosyrphus 
Cheilosia 
Chrysotoxum 
Dasysyrphus 
Eristalis 
Eupeodes 
F erdinandea 
Heringia 
Lejops 
Lejota 
Leucozona 
Melangyna 
Melanostoma 
Parasyrphus 
Pipiza 
Platycheirus 
Rhingia 
Scaeva 
Sericomyia 
Sphaerophoria 
Syrphus 
Temnostoma 
Xylota 
24 genera 
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Table 15. Complementarity (Cjk) of spider and syrphid fly genera in burned-salvaged 
(BS), burned-unsalvaged (BUS) and unburned (UB) forest sites in 2000. See text for 
calculation of complementarity. Higher values indicate reduced similarity. 

Pair-wise comparison 
BUS/BS 
BUS/UB 
BS/UB 

Spiders 
49 
68 
47 

Syrphids 
43 
41 
43 
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3 .1.4.3 Spider Guilds 

I classified the 16 spider families into two general guilds, web-builders and 

hunters (e.g. Uetz, 1975, 1977; Pajunen et al, 1995). Divisions were made at the family 

level and thus, hunters included: Gnaphosidae, Clubionidae, Thomisidae, Lycosidae, 

Liocranidae, Philodromidae, Anyphaenidae and Salticidae. W eh-builders included: 

Linyphiidae, Theridiidae, Dictynidae, Hahniidae, Agelenidae, Araneidae, Tetragnathidae 

and Amaurabiidae. 

Richness and abundance differed significantly among the sites for web-builders 

(abundance, F2,6=26.54, p=0.001; richness, F2,6=5.82, p=0.04). Richness differed between 

the burned-salvaged and the unburned site (Tukey pairwise comparison, p=0.04). 

However, the remaining comparisons were not significant (Tukey pairwise comparison, 

BUS vs UB p=0.07, BS vs BUS p=0.94). Web-builder abundance differed separately 

between each of the burned and unburned sites (Tukey pairwise comparison, BS vs UB 

p=0.002, BUS vs UB p=0.002), but the burned sites did not differ from each other (Tukey 

pairwise comparison, BS vs BUS p=0.99). In contrast, there was no difference in hunter 

richness (F2,6=1.27, p=0.35) or abundance (F2,6=3.47, p=0.09) among the sites. The 

measured diversity and estimated richness through rarefaction, for web-building and 

hunting genera, were highest in the bumed-unsalvaged site (Table 16). In comparison to 

each of the burned sites, the lower diversity in the unburned site was likely a reflection of 

the comparatively low measure of evenness in this site. 

A number of genera were common to two sites. A total of five web-builders, 

mainly Linyphiidae, and one hunter Orodrassus (Gnaphosidae), occurred in both the 



Table 16. Diversity and abundance of hunting and web-building spider genera from burned-salvaged logged (BS), 
bumed-unsalvaged (BUS) and unburned (UB) forest sites in 2000. 

Hunters Web-Builders 

BS BUS UB BS BUS UB 
No. of specimens 598 746 1511 72 69 784 
No. of genera 19 18 14 27 28 38 
R 4.3±0.56 4.7±0.59 2.2±0.53 8.8±0.66 8.9±0.64 6.2±0.7 

H' 1.43±0.09 1.57±0.06 0.52±0.09 3.03±0.19 3.07±0.14 2.35±0.04 

D 2.55±0.38 3.07±0.14 1.22±0.08 20.28±4.10 22.78±2.5 7.02±0.31 

E 0.49 0.54 0.20 0.92 0.92 0.65 
* Counts were obtained from nine pooled replicate samples from 3 sample weeks in 2000. Trapping methods included pan, pitfall and Malaise 
traps. R is the estimated mean number of genera through rarefaction± SE of the estimate where a subsample of N=lO was used for the 
calculation. H' is the Shannon-Wiener index and D is the inverse of Simpson's diversity index± SE of the index and E is the measure of 
evenness. See text for explanation. 

---...) 
\0 
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burned-salvaged and unburned site. The burned-unsalvaged and the unburned site shared 

seven web-building genera from five different families; three genera were in the family 

Linyphiidae and one genus each was represented from the families, Araneidae, 

Amaurobiidae, Hahniidae and Theridiidae. Two hunters, one each from the families 

Gnaphosidae and Salticidae and two web-building genera from the families Linyphiidae 

and Tetragnathidae, were common to the burned sites. All of the hunting and web

building genera restricted to one site were caught in low numbers. 

3.1.5 Seasonal Patterns in Richness and Abundance 

Similar to the carabid beetle analysis, I was interested in assessing the seasonal 

trends in syrphid and spider richness and abundance to help identify the best time to 

sample. The number of spider genera (Fig. 24 A) and specimens (Fig. 24 B) 

demonstrated a steady decline from the end of June until mid September. Generally, this 

decrease reflected a decline in numbers of the dominant genera and in particular, the 

genus Pardosa. 

The number of syrphid genera caught in each of the burned and unburned sites 

decreased from June until the last week of sampling in September (Fig. 25 A). 

Comparing the sites showed slight differences in the trends. At the end of June, richness 

was highest in the unburned site but declined rapidly to a point below the burned sites by 

the end of July. In the burned sites, however, the rate of decline was greatest 

approximately one month later from the beginning of August to mid-September. By the 

end of the season, the average number of genera represented in each site was similar. 
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Figure 24: Mean number of spider genera (richness)+/- SE (A) and 
specimens (abundance)+/- SE (B) from burned-salvaged (BS), burned
unsalvaged (BUS) and unburned (UB) forest sites. Counts were based 
on a combined total of pan, pitfall and Malaise samples from 3 replicate 
sampling units per site from 3 sample weeks in 2000. 
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Figure 25: Mean number of syrphid genera (richness)+/- SE (A) and mean 
number of specimens (abundance)+/- SE (B) from burned-salvaged (BS), 
burned-unsalvaged (BUS) and unburned (UB) forest sites. Counts are based 
on a combined total of pan and Malaise samples from 3 replicate sampling 
units per site fom 3 sample weeks in 2000. 
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Syrphid abundance decreased throughout the season in the unburned site but peaked mid

summer in each of the burned areas (Fig. 25 B), representing an increase in the 

abundance of three dominant genera, Eupeodes, Sphaerophoria and Syrphus. 

3 .2 Discussion 

3.2.1 Diversity and Composition 

The primary objective of this study was to investigate the carabid beetle fauna in 

burned and salvage-logged sites two to three years after the fire. Secondly, to help 

identify a suitable scale of taxonomic resolution for future monitoring, I was interested in 

comparing the results for carabids at different taxonomic levels (genus and species) and 

with two other taxa, spiders and a family of Diptera, the syrphid flies. Due to the 

preliminary nature of this study and absence of site replication, I discuss the findings in 

light of the habitat requirements of the taxa examined and in relation to patterns observed 

elsewhere. The observations made here will provide a baseline for later research on the 

requirements of individual species. A brief summary of the results for the carabids, 

spiders and syrphids are provided in Table 17 and 18. 



Table 17. Summary of the results for the comparison of carabid, spider and syrphid fly specimens among burned-salvaged 
(BS), burned-unsalvaged (BUS) and unburned (UB) forest sites. 

Variable 

Richness 

Diversity 

Abundance 

Carabids 

Burned sites> UB 
BS =BUS 

Burned sites> UB 

UB =BS =BUS 

Spiders 

UB>BS 

UB =BUS 
BS =BUS 

UB =BS =BUS 

UB > Burned sites 

BS =BUS 

Syrphids 

UB =BS =BUS 

UB =BS =BUS 

UB =BS =BUS 

UB=BS=BUS 

UB =BS =BUS 

00 
.f;:. 



Table 18 . Summary of the results for the measures of complementarity 
calculated between pairs of sites. 

Burned-salvaged Burned-unsalvaged Unburned 

Carabid spp. + + 
Carabid genera · + + 
Spider genera + + 
Syrphid genera + + 
* + indicates most similar 
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3 .2.1.1 Carabid beetles 

Diversity 

The highest carabid species richness, diversity and evenness were consistently 

found in the burned sites as opposed to the unburned forest, with no significant 

differences found between the burned sites at both the species and genus level. Since this 

study was initiated two years after the burn and the salvage-log, initial differences in 

diversity of the sites and/or colonization by particular pyrophilus species may have 

passed before the project began. During an intense forest fire most carabid species 

become locally extinct. Following this period, colonization results in a rise in abundance 

and number of species and a corresponding increase in diversity (Holliday, 1991 ). 

Previous research suggests that the response of beetle assemblages to salvage logging is 

rapid and may become undetectable unless considered immediately after extraction of 

logs (Cobb, 2001; Greenberg and Thomas, 1995). These findings may explain the 

similarity of the burned sites 2 and 3 years after the disturbances took place. 

In the eastern foothills and near the town of Swan Hills in central Alberta, carabid 

species richness and diversity were higher in young ( <10 years old) successional boreal 

forest stands regenerating from clear cutting as opposed to primary forest; this 

observation was attributed to the invasion of species adapted to open-habitats as well as 

the persistence of forest species (Niemela et al, 1993). In Arizona, the number of species 

rose as the level of disturbance increased in thinned and burned ponderosa pine stands 

(Villa-Castillo and Wagner, 2002). Conversely, few differences in the carabid 
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assemblages were found between mature and successional coniferous taiga (Niemela et 

al, 1988) and Florida sand pine scrub (Greenberg and Thomas, 1995). 

In my study, the lower diversity and richness observed in the unburned forest 

supports the idea that species diversity tends to decrease in the absence of disturbance 

and increase in disturbed areas (Dajoz, 2000); this may be attributed to various factors 

related to microhabitat (Lovei and Sunderland, 1996), habitat structure and availability of 

resources (Schowalter, 2000), or competition among species (Lenski, 1982). These 

findings agree with investigations conducted in the jack pine forest of eastern Ontario 

(Beaudry et al, 1997) and in the Canadian boreal forest (Niemela et al, 1993). 

Various factors, although not measured here, may explain the patterns in richness 

and diversity. The retention of high insect diversity has been linked to increased plant and 

structural diversity in the early to mid-stages of forest succession (Southwood et al, 

1979). Research examining changes in the diversity and composition of carabids during a 

forestry cycle in the Hungarian mountain range showed that the pH, compaction of soil 

and leaf litter cover were the most important factors in determining carabid diversity 

(Magura et al, 2003). In a comparative study of the beetle fauna in old-growth spruce and 

managed forests in southern Finland, there was a direct correlation between the amount 

of decaying wood and species richness of various saproxylic beetles (Martikainen et al, 

2000), i.e. associated with the wood decomposition system (Kaila et al, 1997). 

Furthermore, in the foothills region of Alberta, coarse woody debris (density oflogs) on 

the ground was identified as an important factor contributing to the diversity of soil biota, 

including carabids (Carcamo, 1997). 
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Carabid Composition 

In the boreal forest, the carabid species-abundance distributions have been 

described as a log series model where the dominant species are distinct from the scarce 

species (Niemela, 1993). A notable gap, or lack of species with intermediate abundances, 

has been distinguished in mature, thinned forest and recently cut stands. However, in 

intermediate age classes between 2-20 years since cutting, Niemela (1993) found that the 

gap no longer persists. 

Although Niemela (1993) considered carabids in the boreal forest, I observed a 

similar situation in the unburned forest where few species were numerous, many were 

scarce, and only a small number of species had an intermediate abundance. In each of the 

burned sites, however, more species appeared to fill the 'gap' between the scarce and 

highly abundant species; many of these intermediate-species were those commonly found 

in open and disturbed habitats. 

One explanation for the uneven distribution of individuals among species is that 

only a few species are adapted well enough to maintain high populations. Like the 

carabids in Finland's boreal forest, this area may be similar to an adversity or "A

selected" environment where the community tends to have a low div·ersity, but not 

necessarily low densities, and generalist species are common (Niemela, 1993). Many 

carabid species have been described as narrowly adapted to particular habitats due to 

various environmental factors. Therefore, the more variable the conditions in a particular 

habitat, the greater the number of species that will occur at a given site. As conditions 

become more extreme, the number of species decreases but the number of individuals 
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occurring within each species increases (Thiele, 1977). Ip. the present study, further 

research is required to establish whether or not the carabid assemblages in the burned 

sites will establish the species-abundance distribution observed in the unburned site. 

My results showed a lack of variation in the total number of carabid specimens 

caught in each of the three sites in both the first and second field season. In contrast, 

Koivula (2002) observed an increase in carabid abundance 2-3 years after logging; this 

was attributed to an influx of open-habitat species. However, contradictory responses 

concerning carabid abundance following logging have been found (Atlegrim et al, 1997; 

Lenski, 1982). In my study, differences in carabid abundance among the sites may have 

been present for the first year following the disturbance but were not detected 2-3 years 

post-disturbance. The time since the fire and salvage-logging may have permitted the 

opportunity for colonization of the burned sites from surrounding areas. 

I observed a decrease in the complementarity (i.e. increase in similarity) of the 

assemblages in the two burned sites, from 2000 to 2001; this result suggested that the 

burned-salvaged and burned unsalvaged stands were becoming more similar over time. 

Data from fire and harvest-origin stands from the boreal mixedwood region of Alberta 

support the notion that with time, the epigaeic assemblages of the stands become 

increasingly similar (Spence and Langor, 1998). Further investigation is needed to assess 

the importance of these patterns in the burned sites. 
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Genera and species characteristic to the sites 

Niemela et al. (1993) observed three general carabid responses to logging, 1) an 

increase in the species characteristic of dry open conditions, 2) an initial decrease of 

forest generalist species that reestablish with forest regeneration and canopy closure and 

3) forest specialists are able to reestablish populations in cut-over stands. This pattern has 

also been described in clear cut and burned forested sites (Beaudry et al, 1997), and in the 

application of different harvesting methods (Koivula, 2002). 

The higher abundance of carabids observed in the unburned site can be explained 

by the predominance of four species: Pterostichus sphodrinus, P. adstrictus, Calathus 

advena and Scaphinotus marginatus. Both Pterostichus species are common to mixed 

coniferous forest and appeared to become established in both burned and unburned areas. 

P. adstrictus makes use of logs in its larval stages (Goulet, 1974). Thus, the presence of 

this species in the burned sites may be related to the amount of dead wood left after the 

fire and salvage logging. C. advena, a forest species that often occurs in shaded areas 

among leaves and debris (Lindroth, 1961-1969), together with C. ingratus, accounted for 

a large portion of the assemblage in the unburned site. C. advena has been observed in 

the boreal forest as the dominant species in primary forest types (Niemela et al, 1993) and 

C. ingratus was recognized as a forest generalist that recovers or recolonizes an area as 

the forest matures. Both C. ingratus and C. advena were found in low numbers in the 

burned sites. S. marginatus is a large species that feeds on slugs, snails and insect larvae 

(Cheeseman, 1983) and is common to forested areas; this species, which was in low 
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abundance in the burned sites, has been grouped with other forest specialists whose 

ability to recolonize disturbed sites from nearby primary forest may be constrained by 

their limited dispersal ability (Nimble et al, 1993). 

Four species obtained in relatively low numbers in the unburned site during each 

field season were not found in either of the burned areas. Two of these species, 

Notiophilus semistriatus and P. melanarius have been described as open-habitat species 

(Lindroth, 1961-1969). However, in this case they appear to prefer a more closed forest 

environment. The other two species, Leistus ferruginosus and Agonum ferruginosum, are 

normally found on moderately moist ground, usually near water (Lindroth, 1961-1969). 

Given that L. ferruginosus has been indicated as highly sensitive to habitat change 

(Niemela et al, 1993), it may be considered a forest specialist. 

There were a number of genera and species characteristic of the burned sites. 

Numbers of species within Amara and Bembidion were higher than at the unburned site. 

Trachypachus, which was represented by a single small xerophilus (attracted to warmth 

or dryness) species, T holmbergi, along with B. grapii and Sericoda quadripunctata, 

were part of the dominant assemblage in each of the burned sites but were not found in 

the unburned site. Although they did not dominate numerically, S. bembidiodes, and a 

number of Harpalus species, were also entirely restricted to the burned sites. 

Harpalus is characteristic of arable land and dry grassland in central Europe 

(Thiele, 1977) and a number of Harpalus species are significant wildfire indicator species 

in northern Arizona (Villa Castillo and Wagner, 2002); a number of Amara species and in 

particular A. quenseli, are also associated with wildfire. Adult Amara are more or less 
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xerophilous and have been observed in areas where vegetation is tall but of a pronounced 

weed type. Some species ( e.g. A. apricaria and A. littoralis) favour human-altered 

landscapes (Lindroth, 1961-1969). Bembidion grapii, a small dry-land species commonly 

found where vegetation is sparse (Lindroth, 1961-1969), was represented in similar 

numbers in the burned sites and was a dominant component of each assemblage. The 

majority of the less abundant species found solely in each of the burned sites are 

considered open-habitat and/or xerophilus species (Lindroth, 1961-1969). 

A number of carabid species are pyrophilus, or attracted to smoke or fire (Evans, 

1971; Harris and Whitcomb, 1974). Of particular note in the burned sites was the 

abundance of species previously associated with fire and open areas. S. quadripunctata, 

is an excellent flyer known to be attracted to burning wood (Lindroth, 1961-1969). 

Likewise, S. bembidiodes is considered a fire-adapted species and has been observed 

previously as highly dominant one year after a fire (Villa Castillo and Wagner, 2002). 

Both S. bembidiodes and S. quadripunctata accounted for less of the total assemblage in 

each of the burned sites from the second to the third year after the fire. Niwa et al. (2001) 

caught T. holmbergi in very low numbers in unburned forest sites. However, one year 

after a fire, its abundance was significantly higher. Similar to the two Sericoda species, T. 

holmbergi is an excellent flyer (Lindroth, 1961- 1969) and has been termed an extremely 

opportunistic 'pioneer' species (Niwa et al, 2001). 

Due to the short time period considered in this study, determining the 

reestablishment of individual species in the burned sites was not possible. Nevertheless, 

my results suggest some trends over time. In both the burned-salvaged and burned-
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unsalvaged sites, Harpalus species, which are characteristic of disturbed areas (Beaudry 

et al, 1997), increased in abundance from year to year. In contrast, S. marginatus 

decreased in the burned-salvaged site and was not caught in the burned-unsalvaged site in 

2001. Similarly, Carabus taedatus agassi, increased in abundance in the burned-salvaged 

site but decreased in the unsalvaged area; this species has been found previously in 

burned and thinned stands (Villa Castillo and Wagner, 2002) and while other Carabus 

species have been associated with logged forest stands (Niemela et al, 1993; Lenski, 

1982), they have also been characterized as mature-forest specialists in Alberta (Niemela 

et al, 1993). Both Calathus species declined in the burned-salvaged site whereas, in the 

unsalvaged site, their numbers remained relatively constant. These observations are of 

particular note because it has been suggested that species surviving a disturbance such as 

logging or fire may respond to habitat change through slower population-level processes, 

such as reproduction, and demonstrate a decrease in abundance over time (Niemela et al, 

1993). 

3.2.1.2 Spiders 

Diversity and abundance 

In my study, the number of spider specimens caught in the unburned forest site 

exceeded those in each of the burned sites two years after the disturbance. Further, in 

contrast to the burned-salvaged site, I obtained significantly higher numbers of spider 

genera in the unburned site. However, the burned-unsalvaged site did not differ from 

either of the sites in genus-richness and diversity was similar among the sites. Although I 
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only examined spiders to a genus level, similar post-disturbance trends have been noted 

elsewhere. In the Santa Cruz Mountains of California, there were significant declines in 

spider and other arthropod diversity and abundance with increased logging and decreased 

herb cover. Selectively harvested stands did not retain old-growth levels of litter 

arthropod diversity and abundance (Willet, 2001 ). In a coniferous forest in Finland, a 

progressive phase of succession occurred in the spider fauna within two years after 

burning (Huhta, 1971 ). Species diversity was at its lowest point in the second year, 

exceeded the mature forest in the fourth year, and was at a maximum seven years 

following a bum; after the seventh year, diversity declined and the species composition 

began to revert to a mature forest condition. Declines in the number of specimens in both 

burned and logged stands were also noted until the period of recovery (Huhta, 1971 ). 

· In my study, there are a number of environmental factors that may explain the 

lower spider abundance in the two burned sites and richness in the burned-salvaged site. 

Absence of canopy closure has been indicated as a significant factor in determining 

overall spider abundance (Jennings et al, 1988). Under a closed canopy, microclimate 

conditions are more constant than in open canopy conditions; this allows for the 

colonization and persistence of surface species with limited tolerance to environmental 

extremes (Mclver et al, 1992). Furthermore, it has been suggested that fire will always 

reduce the number of individuals (Huhta, 1971). Logging may result in a reduced spider 

abundance (Huhta, 1965, 1971) since higher amounts of ground cover support greater 

numbers of spiders (Clark et al, 1993). Other environmental attributes such as increased 

structural complexity, development of a wide range of microclimate conditions at the soil 
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surface, and the predominance of xeric conditions are related to spider richness and 

diversity in burned forest (Moretti et al, 2002). Factors associated with environmental 

variation in the forest stands were not measured in the present study. Therefore, further 

investigation is needed to assess the impact of these factors on spider abundance in the 

burned and unburned sites. 

Diversity and composition of guilds 

The method by which spiders forage for food may influence how they respond to 

fire (Niwa and Peck, 2002) and other forestry practices (Pajunen et al, 1995; Buddle, 

2001). Altha.ugh wildfire can completely destroy populations of most spiders, they have 

the ability to recolonize quickly via long-(ballooning) and short-distance dispersal 

(Buddle et al, 2000). During the period that follows a disturbance, the forest community 

may be replaced with spiders that neither build webs nor establish nests in the litter 

(Mclver et al, 1992). For example, web-building spiders often rely on complex three 

dimensional architecture for placing webs and diversity in vegetation height is important 

in their distribution (Carcamo, 1997); on the other hand, hunters may be less dependent 

on habitat complexity given their mode of prey capture (Buddle, 2001). 

Moreover, the guild structure of spiders may be indicative of forest recovery from 

disturbance. In old growth and stands of differing age large hunting spiders, such as 

Gnaphosidae and Lycosidae, dominate clear-cut and intensively managed stands (Pajunen 

et al, 1995). However, web-builders dominate mature and unlogged stands (Pajunen et al, 

1995). Similarly, in a study of spider succession after clear-cutting in western Oregon, 
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visual pursuit hunting spiders dominated clearcuts, while web builders dominated old 

growth forests (Mclver et al, 1992). 

I found significantly higher numbers of web-building individuals and genera in 

the unburned site. The measured diversity was higher for web-builders in the burned sites 

but this result was due to the more even relative abundance of the individual genera. The 

web-builders in the burned sites may be transient and represent new colonists with high 

dispersal abilities whose populations may or may not become established. Therefore, a 

future increase in the abundance and richness of web-builders in the burned-salvaged and 

burned-unsalvaged sites may be indicative of forest recovery. 

Spiders from the family Linyphiidae (Erigoninae) were significantly more 

abundant in the unburned site but also composed the bulk of the web-building genera 

within each of the burned sites. Among spiders in Canada, linyphiids are the largest 

family in terms of numbers of species ( 445 known in Canada) and are known to be very 

abundant (Bennett, 1999). Linyphiids also inhabit complex microhabitats (Buddle et al, 

2000) and a number of species in the subfamilies Linyphiinae and Erigoninae, each of 

which were caught in the burned sites, are associated with mature boreal forest (Pajunen 

et al, 1995). Although my study sites were not located in the boreal forest, the 

predominance of linyphiids in the unburned forest site indicates that patterns may be 

similar for this family in montane forest. The highly effective dispersal ability via 

aeronautic ballooning has been used to explain the rapid movement of some linyphiid 

species into perturbed environments (Marc et al, 1999). This observation may explain the 

presence of a number of linyphiid genera in the burned sites. 
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My results support the observation that hunters or wandering spiders are common 

in a variety of habitat types (Uetz, 1975) and that certain families (e.g. Lycosidae and 

Gnaphosidae) are abundant in open habitats (Pajunen et al, 1995). Mainly as a result of 

the abundance of one family, Lycosidae, hunting spiders were the numerically dominant 

group in each of the three sites. In the deciduous forest litter there is a direct correlation 

between the diversity of wandering (i.e. hunting) spiders, the amount of litter and habitat 

space (Uetz, 1975). In short, it has been suggested that more productive habitats support 

more hunting species (Uetz, 1975). Further, in the northern boreal forest in Quebec, one 

year after a fire gnaphosid and lycosid species were recorded in high abundance in 

burned sites (Koponen, 1993). In my study, the high numbers of individuals from the 

hunting families Lycosidae (wolf spiders) and Gnaphosidae (ground spiders) in the 

burned sites may indicate an influx of specific genera or species better adapted to the 

altered conditions (Huhta, 1971 ). 

Another family of hunting spiders, Thomisidae (crab spiders), were part of the 

dominant assemblage in the burned-unsalvaged site but represented a smaller proportion 

of the spiders in each of the burned-salvaged and unburned sites. In contrast to my 

observations, elsewhere a higher abundance of thomisids were recorded in unburned as 

opposed to burned sites; this occurrence was attributed due to a decreased availability of 

hunting locations following burning (Niwa and Peck, 2002). Therefore, the high 

abundance of this family in the burned-unsalvaged site may indicate the availability of 

suitable habitat. 
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Individual genera 

A few trends were noted for the hunting and web-building genera among the two 

burned and the unburned sites. The following discussion will mainly consider those 

genera that were numerically dominant in each of the sites. 

In all of the sites, hunters were mainly represented by one genus of lycosids, 

Pardosa. Members of this genus ambush or freely hunt their prey (Foelix, 1982) and 

often pursue prey in open, grassy or stony ground. Many species are characteristic of 

open conifer forests (Dondale and Redner, 1990) and have been found in high numbers in 

both burned and harvested boreal mixedwood forested stands in Alberta (Spence et al, 

1998). Furthermore, Pardosa species prefer polluted sites in the foothills of central 

Alberta (Carcamo, 1997), and clear cut strips in spruce-fir forests of northern Maine 

(Jennings et al, 1988), and have been observed to become dominant after fire on slopes 

dominated by European chestnut ( Castanea saliva) in southern Switzerland (Moretti et al, 

2002). My findings support observations from the temperate region that some Pardosa 

species have the ability to exploit a number of habitat types and are frequently found in 

open habitats (Wolff, 1981 ). 

Another lycosid genus, Alopecosa, was found in high abundance in the both 

burned sites. These hunting spiders are often found on mosses, lichens and forest litter 

(Dondale and Redner, 1990) and Alopecosa have an affinity toward tall and dense 

vegetation (Wheater et al, 2000). Therefore, the presence of this genus may be indicative 

of a particular stage of vegetation growth or habitat heterogeneity in the burned sites. 
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Although not exclusive to the burned sites, Micaria (Gnaphosidae) was the 

second most dominant genus in both the burned-salvaged and burned-unsalvaged sites. 

Several Micaria species ( e.g. M. pulicaria, M. aenea and M. silesiaca) have been caught 

elsewhere in open localities, clear-cut and burnt-over areas (Huhta, 1971). These findings 

suggest that Micaria react favourably to dry open conditions. 

Some of the spiders caught in the burned stands may be indicative of patterns in 

forest recovery or represent remnant specimens that survived the bum and salvage log. 

Xysticus (Thomisidae) was in high abundance in the burned-unsalvaged stand but was 

also collected in the burned-salvaged site. Elsewhere, this genus prefers old growth 

forests (Willett, 2001) and particular species (e.g. X montanesis) favour horizontal over 

vertical substrate (Robinson, 1981 ). Similarly, Zelotes (Gnaphosidae ), commonly 

collected in the burned sites, may prefer old growth sites (Willett, 2001) but has also been 

observed in clear-cut areas (Huhta, 1971; Coyle, 1981 ). Certain Ceratinops ( e.g. C. 

inflata) and Lepthyphantes species have been found in high numbers in old-growth forest 

(Willett, 2001 ). Although present in low numbers, I found Ceratinops (Linyphiidae: 

Erigoninae) in the bumed-unsalvaged site and Lepthyphantes (Linyphiidae: Linyphiinae) 

in the burned-salvaged site. Arctosa (Lycosidae), on the other hand, which has shown a 

preference to fire origin stands (Koponen, 1993; Buddle et al, 2000), was dominant in the 

bumed-unsalvaged site but was found to a lesser degree in the salvaged area. 

Various environmental features of the burned and unburned sites may explain the 

trends observed in the present study. Litter habitat affects the presence of certain spider 

species by the occurrence of prey, a greater variety of structural habitats and by providing 
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strnctural retreats (Uetz, 1975; Mclver et al, 1992). For example, reductions in the litter 

habitat may provide lycosids an advantage or make other spiders subject to predation by 

this group (U etz, 1979). Like some carabids, some spiders prey on soil-dwelling 

invertebrates such as Collembola (Lawrence and Wise, 2000). Therefore, the density of 

prey may have a direct impact on the spider distribution. Declines in the number of 

collembolans have been noted in burned grasslands (Anderson et al, 1989) and woodland 

· litter, although, as with most invertebrate fauna, the effect of fire depends on a number of 

variables related to the intensity and duration of the bum (Brand, 2002). 

3.2.1.3 Syrphid flies 

Syrphid diveristy and abundance 

Due to the large and diverse spectrum of larval feeding habits, syrphids are 

particularly negatively affected by reductions in landscape diversity (Sommaggio, 1999). 

The larvae of aphidopha:gous species of syrphids are considered important biological 

control agents in the management of aphids in agricultural settings (Sutherland et al, 

1999). The production of plant monocultures has led to the demise of many components 

of the natural landscape ( e.g. ponds, hedgerows and small woods) that provide essential 

syrphid habitat (Sommaggio, 1999). Thus, the main emphasis of research on syrphid 

fauna has been in relation to agriculture and urban development. Much of the research 

has developed a knowledge base on the particular habitat conditions associated with 

changes in syrphid distribution. 
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A number of studies on cultivated land have addressed aspects of floral biology 

and syrphid abundance and diversity. Overall, florally abundant, noncrop habitat supports 

a high abundance and diversity of syrphids (Cowgill et al, 1993; Lovei et al, 1993; 

Frank, 1999). In Oregon agricultural fields, syrphids exhibit a high degree of selectivity 

among available flowers (Colley and Luna, 2000). In Poland, syrphids in various nahiral 

areas including mountainous, forested and grassland regions, were compared with those 

subjected to differing degrees of human activity (Bankowska, 1980). Lower species 

diversity was observed in urban and agricultural areas whereas natural areas were species 

rich and characterized by shifting relative abundance of species, as syrphids moved from 

one habitat to the next. In general, the distribution of syrphids followed patterns of food 

supply and habitat condition (Ba:nkowska, 1980). 

The complexity of ground cover in terms of land-use and vegetation influences 

the distribution of particular species (Lovei et al, 1993). The numbers of individuals of 

certain Sphaerophoria species, for example, has been correlated to border complexity and 

microclimate conditions in mountainous areas (Haslett, 2001 ). Further, abundance varies 

with syrphid habitat. In a 15-year assessment of the syrphid population in a suburban 

garden in England, abundance varied with the degree of habitat or predatory 

specialization. Habitat and extreme predatory specialization lead to lower abundance 

whereas generalists were the most numerous (Owen and Gilbert, 1989). 

Although research on the syrphid fauna in forested areas is limited in comparison 

to those in agricultural and urban settings, site and habitat components have been 

identified for syrphid flies that are relevant to my study. In central Europe, spruce stands 
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suffering from extensive pollution damage have shown the greatest number of syrphid 

species . .In contrast, healthy spruce stands were relatively species-poor. The higher 

richness was attributed to the increased presence of herb and grass undergrowth with 

stand opening in the pollution damaged forest (Kula, 1997). Similarly, in a comparison of 

syrphid composition and diversity in commercial spruce and pine stands in England, the 

complexity of vertical structure in forest stands affected syrphid diversity (Humphrey et 

al, 1999). Diversity varied with the level of field layer cover whereby open canopy sites 

with a higher field layer were thought to provide a greater source of food for adults and 

suitable breeding areas as opposed to denser canopy conditions (Humphrey et al, 1999). 

In my study, neither the abundance nor diversity of syrphid genera differed 

significantly between the burned and unburned stands. This observation contrasts the 

suggestion that as structural complexity increases with stand age, there will be an 

associated decline in syrphid richness and diversity (Kula, 1997; Humphrey et al, 1999). 

However, most research has described trends in syrphid richness and diversity at the 

species level. 

Composition 

In various regions of Europe, research on syrphid associations has identified a few 

trends between the abundance and distribution of syrphids and their nutritional 

requirements in both the larval and adult stage. In contrast to adults which depend on 

pollen and nectar to fulfil their nutritional requirements (Gilbert, 1986), the larvae can 
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either be phytophagous (plant feeders) , saprophagous (feed on microorganisms) or 

zoophages (predatory) (Sommaggio, 1999). 

Bankowska (1980) noted an interesting trend in human-impacted areas whereby 

the abundance of dominant species increased as the number of species decreased. 

Numerically dominant species were those with good dispersal ability, broad distributional 

range and high reproductive rates. Furthermore, predators predominated in disturbed 

areas. Similarly, in the mountainous regaion of northern Bohemia, predatory species have 

the highest representation in pollution damaged spruce and birch stands (Kula and Laska, 

1997). In terms of habitat choice, plant feeders are more highly influenced by the 

presence of particular plant species whereas predators such aphid eaters are more 

dependent on vegetation structure (Speight, 1997). 

In my study, the dominant genera in each of the forest sites were syrphids with 

predatory larvae with the exception of Cheilosia in the unburned site. Elsewhere, a 

similar pattern was observed whereby all dominant and subdominant syrphids were 

predatory in both closed and open spruce forest with increased herb and grass 

undergrowth (Kula, 1997). The proportion of dominant genera in the burned and 

unburned sites also agrees with the observation that, in a particular habitat, many syrphid 

species are present in low numbers and few species are common (Owen and Gilbert, 

1989). Of the three sites, dominant genera accounted for the largest component of the 

total assemblage in the burned-salvaged site. 

A number of genera were common to all three sites. Eupeodes, Platycheirus, 

Sphaerophoria and Xylota were present in relatively high numbers in each site. 
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Relatively high numbers of Eupeodes specimens have been found in healthy spruce 

stands and in stands with varying degrees of pollution damage (Kula, 1997). 

Furthermore, certain European species are able to fly long distances ( e.g. E. corollae) 

(Sommaggio, 1999; Vockeroth, 1992). Although the majority of predatory species inhabit 

broad-leaved and pine forests, Sphaerophoria and Platycheirus are associated with open 

areas (Bankowska, 1980). It has also been suggested that Playcheirus larvae are 

generalist predators (Cowgill et al, 1993). The abundances of two Sphaerophoria species 

were investigated along a series of transects running from a subalpine meadow to the 

middle of a coniferous woodland. The number of individuals decreased a few metres into 

the wooded area, suggesting that differences in vegetation and physical conditions are 

recognized by these species (Haslett, 2001). In my study, Sphaerophoria was 

significantly more abundant in the burned-unsalvaged site. Species of the genus Xylota 

have saprophagous larvae, for which tree sap rich in microorganims represents an 

optimum food source (Sommaggio, 1999). The feeding habits of some Xylota species has 

led to their description as specialists (Gilbert, 1986). In this instance, the dominance of 

Xylota in each of the burned and unburned sit_es disagrees with the observation that 

specialist predators are the least abundant due to their habitat restrictions (Owen and 

Gilbert, 1989). 

The genus Syrphus was part of the dominant assemblage in each of the burned 

sites but was found to a lesser extent in the unburned stand. Larval hosts of this genus 

include many species of aphids on herbs, shrubs and deciduous and coniferous forest and 

it has been suggested that all species are polyphagous (Vockeroth, 1992). Elsewhere, 
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polyphagous species have the widest distribution as opposed to other nutritional groups 

(Owen and Gilbert, 1989). One genus, Heringia, was dominant in the burned-salvaged 

site but was observed in lower numbers in the other sites. 

As mentioned earlier, Cheilosia was the predominant phytophagous genus in the 

unburned site. The larvae of this genus feed mostly on live tissues of herbaceous plants. 

Most Cheilosia species have been caught in high numbers in mountainous regions of 

central Europe (Bankowska, 1980; Kralikova, 2002), particularly in regions dominated 

by deciduous forests with rich undergrowth and tall perennial forbs (Bankowska, 1980; 

Kralikova, 2002). Such results may indicate conditions favourable to the development of 

host plants preferred by Cheilosia in the unburned site; similarly, its presence in the 

burned sites may relate _to food plants in these sites (Bankowska, 1980). Frank (1999) 

related the high abundance of Cheilosia to the density of blossoms and available food 

plants in weed strips within near cultivated fields. Dasysyrphus was observed in high 

numbers in the unburned area although it was not restricted to this site. Little biological 

information is known for this genus. However, larvae of European species feed on 

butterfly and sawfly larvae while some feed on conifer and angiosperm aphids 

(Vockeroth, 1992). This genus has been recorded previously in various locations in 

southwestern Alberta (Vockeroth, 1992). 

The high mobility of adult syrphids is an important consideration when 

interpreting their distribution (Castella and Speight, 1996). Syrphids are capable of flying 

hundreds of metres to kilometres and subsequently maintain the ability to discriminate 

between particular habitat conditions and resources (Haslett, 1997). Adults fly in both 
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tree crowns and herb layers, but small species of meadow origin have demonstrated a 

preference for the herb layer (Bankowska, 1980). Their ability to fly great distances 

enables syrphids to recolonize recently disturbed areas (Sommaggio, 1999). A number of 

other environmental factors including, favourable shelter and microclimate conditions 

(Vujic and Glumac, 1994), surrounding landscape (Haslett, 2001) may have influenced 

the distribution of syrphids. 

3.2.1.4 Seasonal Patterns 

The importance of considering patterns in the seasonal occurrence of invertebrates 

has been addressed by several studies ( e.g. Huhta, 1971; Niemela et al, 1992; Marc et al, 

1999). Climatic factors such as temperature, rainfall and humidity can differentially 

impact the activity of particular taxa (Dajoz, 2000). Invertebrate behaviour may also 

differ in forest as opposed to herbaceous habitats. Species of carabids in forests, such as 

Nebria brevicollis, are nocturnal, whereas species common to meadows are often diurnal 

(Dajoz, 2000). Seasonal rhythms of activity may also coincide with prey availability 

(Niemela et al, 1992) or the development of specific food plants (Gilbert, 1986). Given 

the importance of examining temporal changes in the activity of invertebrates from a 

biological perspective and in terms of selecting an appropriate sampling period, in this 

section I will review the seasonal trends observed for carabids, spiders and syrphid flies. 

· In agreement with information on the annual cycle of carabids (Thiele, 1977; 

Allen, 1976) during my first field season, carabid species richness and abundance peaked 

from the end of June to the beginning of July. However, in the following year the 
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initiation of an earlier sampling season showed that carabid activity peaked one month 

later in the burned-unsalvaged site than in either the burned-salvaged or the unburned 

site. Seasonal fluctuations in the mean number of specimens caught within each of the 

three sites generally followed the peak activity periods of the dominant species. 

A pattern of high early seasonal activity has been noted for spiders (Niemela et 

al, 1994; Huhta, 1971). However, depending on the environment, patterns may vary (e.g. 

Hatley and MacMahon, 1980). I observed an overall decline in the number of spiders and 

genera from the end of June until August when sampling ended. The rapid reduction of 

specimens caught in the unburned site, from the first to the last week of July, mainly 

reflected the decline in abundance of the predominant genus Pardosa. Similar to the 

carabids, the trends in spider abundance within each of the sites reflected the seasonal 

activity of the most dominant genera. 

Many adult syrphids have a short flight season. Therefore, it may be difficult to 

collect many of the species present in a particular area if the study period is too short 

(Sommaggio, 1999). Subsequently, it is particularly important to identify peak periods of 

activity for syrphid flies within a given forest environment. Overall, I observed a decline 

in syrphid richness from the end of June onwards in all three forest sites. The early peak 

in June may reflect an emergence of adults that appear in the first warm days of the 

season to feed on early flowering plants (Gilbert, 1986). I observed an increase in 

abundance in each of the burned sites from June until the end of July when the numbers 

declined rapidly; in the unburned site there was a general decline over the course of the 

sampling season. Fluctuations in adult syrphid activity have been linked to seasonal 
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availability of food for their offspring and dietary needs of adult syrphids (Branquart and 

Hemptiine, 2000). 
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4. COMPARISON OF CARABID TRAPPING METHODS 

4.1 Introduction 

The methods for examining patterns in arthropod assemblages vary depending on 

the scope and objectives of the particular study. There are a number of overviews that 

provide examples of sampling tec~iques and protocols, and their limitations with regard 

to sampling certain taxa (e.g. Marshall et al, 1994; Oliver and Beattie, 1996; Hammond, 

1997; B.C. Ministry of Environment, 1998; Winchester, 1999; Finnamore et al, 1999). It 

is well known that different collecting methods target certain invertebrate assemblages 

within the forest (Kitching et al, 2001). Therefore, trapping methods selected generally 

target a particular taxon or species as opposed to attempting a complete inventory (Lott 

and Eyre, 1996). 

The efficiency and sampling bias of different trap types is a crucial consideration 

when selecting an appropriate collecting technique. Pitfall trapping is the most widely 

used trapping method for surface-active invertebrates (Lott and Eyre, 1996), and in 

particular for carabid beetles, because of the ease of installation and cost-effectiveness of 

this sampling method (Rainio and Niemela, 2003). Pitfall traps are usually open 

containers of relatively small diameter, that are sunk into the substrate such that the rim is 

flush with the ground surface (Marshall et al, 1994). An elevated lid commonly covers 

the pitfall trap to prevent flooding and disturbance (Work et al, 2002) and they may be 

baited with dung or carrion, left dry, or partially filled with fluid preservative (Marshall et 

al, 1994). 
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Pan traps are generally large bowls, although their shape can vary, and are dug 

into or placed on top of a substrate. Similar to pitfalls, pans collect active ground 

dwelling arthropods. However, they also catch flying or ballooning arthropods by 

working on the principle that organisms will fall or fly into the fluid preservative that fills 

the pan (Marshall et al, 1994). Furthermore, pans are relatively shallow, although they 

collect larger samples than pitfall traps due to a greater circumference (Winchester, 

1999). Flying insects are responsive to a variety of colours but many are particularly 

attracted to bright yellow (Kirk, 1984). Subsequently pan traps, like those used in the 

present study, are often yellow to attract a broad spectrum of low flying insects 

(Winchester, 1999). 

Pan and pitfall trapping methods rely on the movement of arthropods (Lott and 

Eyre, 1996) and since different taxa are differentially sampled by pan and pitfall traps 

(Marshall et al, 1994), they provide a measure of activity rather than absolute density 

(Work et al, 2002). There are a number of references reporting the benefits, drawbacks 

and biases of different trapping methods ( e.g. Greenslade, 1964; Adis, 1979; Spence and 

Niemela, 1994; Hammond, 1997; Winchester, 1999). In summary, factors such as trap 

material, colour, shape and diameter, surrounding vegetation and microclimate, 

preservative used and trap placement, influence the number of specimens and particular 

species caught. 

There are practical considerations associated with selecting trapping methods for 

monitoring purposes or future research in the study sites of the present study. Therefore, 

in an effort to improve methods of assessing invertebrates, in this section I compare the 



111 

utility of pan and pitfall traps within each of the three forest sites by considering 

attributes such as carabid diversity and composition, for each trapping method. For future 

reference, I will use the results to comment upon which methods may be used to best 

detect carabids in the different habitat types. 

4.2 Results 

4.2.1 Captures by Collecting Method 

To observe the rate of accumulation of new carabid species within each of the 

sites, the average cumulative number of species per trap type was estimated per sample 

for the 2000 sampling season. On average, the pitfall traps collected new carabid species 

at a lower rate than the pan traps in all of the sites. Species accumulation curves were 

plotted for each trap type within each site (Fig. 26). Each curve depicted the total number 

of species revealed during the process of data collection, as additional samples were 

added to the pool of all previously collected samples. Using the program Estimates 

(Colwell, 1997), a smoothed curve was produced by repeatedly randomizing the sample 

order 100 times. Overall, neither the pan nor the pitfall sampling curves reached a 

plateau. Therefore, increased sampling intensity would have likely resulted in the 

discovery of new carabid species for each trapping method. In each of the three sites, the 

curve for the pan traps, plotted as a function of samples, was above the corresponding 

curve for the pitfall traps. Therefore, the average number of species per sample was 

greater for the pan traps in each of the sites. 
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for many of the points to appear in the figure. Samples were obtained 
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from 3 replicate sampling units withineach of the three sites from 3 sample 
weeks in 2000. A sample from one replicate consisted of 10 pitfall and 
5 pan traps. 
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Diversity and Abundance by Trap Type 

Pan traps caught a combined total of 1411 carabid specimens in 38 species in 

2000. In the same season, 657 specimens in 24 species were caught using pitfall traps. 

A significantly higher number of species were obtained using pan traps in each of 

the three sites (BS F1 ,4=7.86, p=0.04, BUS F1,4=40.57, p=0.003, UB F1,4=11.26, p=0.03) 

(Fig. 27 A). As a result of the higher measure of evenness the estimated mean number of 

species through rarefaction gave different results for the burned-salvaged site (Table 19). 

The diversity measures are listed by trap type and site in Table 19. There was no 

significant difference in the diversity between trap types in the burned-salvaged site ((H') 

F1,4=0.78, p=0.44 (D) F1,4=3.24, p=0.15). However, diversity, as measured by the 

Shannon-Wiener (H'), was slightly higher in pan traps in the burned-unsalvaged site ((H') 

F1,4=8.62, p=0.04, (D) F1,4=8.34, p=0.45). Both measures of diversity were greatest for 

the pan trap samples from the unburned site ((H') F1,4=25.54, p=0.007, (D) F1,4=22.31, 

p=0.009). In each of the burned sites the measure of evenness was highest for the pitfall 

traps whereas iri the unburned site evenness was greatest for the pan trap samples. 

In each of the burned sites, significantly higher numbers of carabid specimens 

were obtained using pan as opposed to pitfall traps (BS F1,4=36.32, p=0.004, BUS F1,4= 

67.66, p=0.001) (Fig. 27 B).In the unburned site the difference in abundance between 

trap types was not significant (F 1,4=1.51, p=0.29). 

Within each of the three forest sites, each replicate sampling cluster consisted of a 

total of I 0 pitfall and 5 yellow pan traps. As a result of the larger size of the pan traps, the 
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Figure 27: Mean number of carabid species (richness)+/- SE (A) and mean number 
of carabid specimens (abundance)+/- SE (B) in yellow pan and pitfall traps, caught 
in burned-salvaged (BS), burned-unsalvaged (BUS) and unburned (UB) forest sites. 
Per site, counts were pooled from 3 replicate sampling units from 3 sample weeks in 
2000. Each sampling unit consisted of 5 pan and 10 pitfall traps. (Pitfall: N= 103 (BS), 
109 (BUS), 445 (UB) Pan: N=410 (BS), 576 (BUS), 425 (UB).Different letters denote 
significant differences between the trap types (P < 0.05). 



Table 19. Diversity and abundance of carabid beetle species obtained from yellow pan and pitfall trapping 
methods within burned-salvage logged, burned-unsalvaged and unburned forest sites in 2000. 

Burned-Salvaged Burned-Unsalvaged Unburned 

Pan Pitfall Pan Pitfall Pan Pitfall 
No. of specimens 410 103 576 109 425 445 
No. of species 20 15 27 13 15 11 
R 6.27±0.74 8.11±0.73 6.73±0.74 6.58±0.73 3.19±0.51 2.47±0.36 

H' 1.88±0.09 2.24±0.1 2.0±0.01 1.72±0.02 1.39±0.08 0.99±0.02 

D 4.25±0.69 7.74±0.85 5.37±0.14 3.46±0.17 2.80±0.5 2.24±0.09 

E 0.63 0.83 0.61 0.67 0.51 0.41 

* Counts were obtained from nine pooled replicate samples from 3 sample weeks in 2000.Within each replicate five pan and ten pitfall 
traps were pooled to make up one sample. R is the estimated mean number of species through rarefaction , ± SE where n is the 
subsample size applied to each trap type per site (BS N=l 7, BUS N=19, UB N=7). H' is the Shannon-Wiener index and Dis the 
inverse of Simpson's diversity index± SE of the index and Eis a measure of evenness. See text for explanation. 

....... 

....... 
V\ 
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capture edge differed between trap types. The total capture edge for each pan trap sample 

was 428 cm and 289 cm for the pitfalls. I used a chi-square analysis to examine the effect 

of the discrepancy in the circumference on the total number of specimens caught by each 

trap type. From the 3-week sampling period, six of nine tests revealed that the total 

number of specimens caught differed significantly (x\i) > 6.0, p=0.05) from what would 

be expected if the difference in capture rate was related to circumference alone. The 

remaining three analyses indicated no significant difference but, in each case, the sample 

sizes were comparatively low (96, 67 and 28 individuals). 

Patterns of Species Occurrence 

In each of the burned sites, the majority of individuals representing the 

numerically dominant (>5%) species were obtained using pan traps. In the burned

salvaged site (Fig. 28) five species (Trachypachus holmbergi, Sericoda quadripunctata, 

Pterostichus adstrictus, Bembidion grapii and Calathus ingratus) that dominated the total 

assemblage were captured in greater numbers in pan traps; these species were also 

represented in the pitfall catch although in much lower numbers. Except for two species, 

Scaphinotus marginatus and Lebia viridis, all of the species obtained with pitfalls were 

caught in the pan traps. Species with few individuals (<5%) were better represented in 

pan as opposed to pitfall traps. 

In the burned-unsalvaged site, four of the five species (P. adstrictus, T 

holmbergi, B. grapii and S. bembidiodes) that dominated the total catch were caught in 

much larger numbers in pan traps (Fig. 29). The fifth species, S. quadripunctata, which 
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Figure 28: Rank-abundance plots of carabid species obtained in the 
burned-salvaged forest site from pitfall (A) and pan traps (B). Specimens 
were obtained from a total 9 pooled replicate sampling units from 3 sample 
weeks in 2000. Each sampling unit contained 5 yellow pan and 10 pitfall 
traps. The data were transformed by log 10 (x+ 1). 
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Figure 29: Rank-abundance plots of carabid species obtained in the bumed
unsalvaged forest site from pitfall (A) and pan traps (B). Specimens were 
obtained from a total of 9 pooled replicate sampling units from 3 sample 
weeks in 2000. Each sampling unit contained 5 yellow pan and 10 pitfall 
traps. The data were transformed by log 10 (x+ 1 ). 
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dominated the entire assemblage, was solely found in the pan trap samples. Only one 

species, Amara quenseli, was found in the pitfall traps but was not represented in the pan 

traps. Alternately, twelve of the less abundant species found in the pan traps were not 

found in the pitfall traps. 

In the unburned site, three of the four species (P. sphodrinus, C. advena and S. 

marginatus) that dominated the total assemblage and were better represented in the pitfall 

traps (Fig. 30). The fourth species, P. adstrictus, was found in much lower numbers in 

the pitfalls as opposed to the pan traps. Five of the less abundant species (<5%) were 

common to both trap types, although slightly more species with fewer individuals were 

obtained in the pan traps. 

Similar to the analysis performed on the total abundance data, I used a chi-square 

analysis to examine the effect of the difference in circumference between trap types on 

the total number of specimens in each species. All of the species caught in both pan and 

pitfall traps in each site were included in the analysis. Of the ten species examined in the 

burned-salvaged site, the results were significant for three species (S. quadripunctata, x2 

(l)=24.45, p=0.05, B. grapii, x2o)=23.57, p=0.05, and T holmbergi, x2o)=l02.75, 

p=0.05). There was no significant difference between the observed and expected 

abundance values for the seven remaining species (P. adstrictus, C. ingratus, P. 

sphodrinus, Carabus taedatus agassi, C. advena, Cymindis cribricollis and Harpalus 

laevipes); (x2o) < 6, p=0.05). Eleven species were examined in the burned-unsalvaged 

site. Of these, the total number of specimens obtained for three species (T holmbergi, 

x\1)=41.61, p=0.05, B. grapii, x\1)=33.89, p=0.05 and S. americanus, x\1)=6.4, p=0.05) 
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Figure 30: Rank-abundance plots of carabid species obtained in the unburned 
forest site from pitfall (A) and pan traps (B). Specimens were obtained from 
a total of 9 pooled replicate sampling units from 3 sample weeks in 2000. 
Each sampling unit contained 5 pan and 10 pitfall traps. The data were 
transformed by log 10 (x+ 1). 
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were significantly different from the expected values. Results for each of the remaining 

eight species (P. adstrictus, S. bembidiodes, C. taedatus agassi, C. advena, 

Dicheirotrichus cognatus, C. ingratus, P. ecarinatus and S. marginatus) were not 

significant; (x2o) < 6, p=0.05). Results for three of the seven species analysed in the 

unburned site were significant (P. sphodrinus, x\l) =30.2, p=0.05, C. advena, x2o) =41.86, 

p=0.05 and P. adstrictus, x2(1) =14.65, p=0.05). The abundance of the remaining four 

species (S. marginatus, Leistus ferruginosus, Notiophilus directus and Agonum placidum) 

were not significantly different from the expected values based on the difference in 

circumference between the trap types; Cx2o) < 6, p=0.05). With the exception of one 

species in the burned-unsalvaged site, the sample sizes were relatively low ( < 50 

individuals) where the analyses indicated no significant difference. 

A measure of complementarity was calculated for each site (Table 20) for the 

pitfall versus pan-trap assemblages. Of the three sites, the two trapping methods 

maintained the highest measure of complementarity in the burned-unsalvaged site and 

were therefore more dissimilar in terms of the species caught. The lowest measure of 

complementarity was calculated for the burned-salvaged site. 
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Table 20. Complementarity (Cjk) of carabid species lists from yellow pan and pitfall 
trapping methods in burned-salvaged (BS), burned-unsalvaged (BUS) and unburned (UB) 
forest sites in 2000. See text for calculation of complementarity. Higher values indicate 
reduced similarity 

Pair-wise 
comparison 

PITFALL/PAN 

BS 

41 

BUS UB 

52 47 
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4.3 Discussion 

All sampling methods are biased (Hammond, 1997); therefore, careful 

consideration of an appropriate sampling procedure that is efficient and effective for the 

taxa or taxon of interest is essential. Furthermore, the use of standardized techniques is of 

particular importance for comparison across sites (New, 1998). Choosing the best 

collecting methods depends on the objectives of the study and environmental conditions 

of the particular area as well as the amount of time and financial resources available for 

the project. 

A dis ( 1979) described 18 factors affecting pitfall trapping but also indicated that 

this sampling method is good for providing information on species composition and for 

comparing different areas of a particular habitat within a given sampling period. 

However, modifications to the design have been suggested to account for the various 

factors influencing the pitfall sampling. 

Different designs have improved the installation and effectiveness over the 

sampling period, and the "digging-in" effect because of the disturbance from establishing 

the traps (Majer, 1978). Trap efficiency varies with the habitat characteristics from one 

area to the next. Therefore, discretion should be used when comparing carabid 

assemblages between habitats (Greenslade, 1964). However, Baars (1979) suggested that 

the relative abundance of carabids may be compared between sites where pitfall trapping 

continues for the entire season. More recently, it was determined that using high numbers 

small diameter pitfall traps, with the inclusion of a few large pitfalls for large-bodied 
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species, is a reliable means of characterizing the dominant fauna active within the litter 

(Work et al, 2002). 

The popularity of pitfall trapping is mainly due to its convenience, low cost, 

labour efficiency and suitability of the catches to statistical analysis (Spence and 

Niemela, 1994). Likely due to the large sample size and processing time of the samples, 

pan traps are less frequently used for studies focused on carabid beetles. However, pans 

seem to be more populc!r in multi-taxa studies. For example, surveys of peatlands in 

Ontario and Alberta have used pan traps to extensively document various taxa including 

carabid beetles (Finnamore, 1994; Blades and Marshall, 1994; Runtz and Peck, 1994). 

Considering the efficiency of each trapping method, in my study, the rate of 

species accumulation was highest for the pan traps in each of the forest sites. In other 

words, fewer samples were required to obtain the equivalent number of species caught 

using pitfall traps. Further sampling would be needed to determine how many pan and 

pitfall samples are required for a complete census of the carabid species within each of 

the three sites. 

In each of the burned sites, the pan traps consistently collected greater numbers 

of individuals over the course of the summer. In contrast, there was no difference in the 

number of specimens caught by each trap type in the unburned site. The total number of 

carabid species detected was higher in the pan traps in each forest site. The pan trap 

samples also showed the greatest measure of diversity in the burned-unsalvaged and 

unburned sites. Furthermore, more species caught in low numbers were represented in 

pan traps in each of the burned and unburned sites. 
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The high numbers of specimens and species in the pan traps may be partially due 

to their larger capture edge. Although they were not using pan traps, Work et al. (2002) 

noted a pattern of higher abundance and slightly greater species richness of carabids in 

larger diameter pitfall traps. In my study, the apparent differences between the observed 

and the expected abundance values suggested that the capture rate was not solely 

explained by differences in trapping area between the pan and pitfall traps. Furthermore, 

the greater area covered by the pan traps accounted for the high representation of some 

species but not others. For example, in the burned sites the difference in the capture rate 

between trap types of two relatively small species, B. grapii and T. holmbergi, was not 

related to circumference alone whereas the distribution of C. ingratus appeared to be 

explained by the trapping area. 

Pan traps function in a similar manner to covered pitfalls. However, they not only 

collect larger samples but also differ with respect to the light response of species that are 

active during the day (Finnamore et al, 1999). Other than the greater circumference, 

several factors may have impacted the number of specimens and species obtained using 

each trap type. Ground vegetation, which can impede the movement of carabids, and 

behavioural responses, that make species differentially susceptible to trapping 

(Greenslade, 1964) may have affected the total catch in each site; other attributes such as 

colour and material likely played a role. Additionally, the higher mobility of invertebrates 

in warmer areas, such as the more open burned sites, is a potential source if trapping bias 

(Kaila et al, 1997). It is possible that in areas of higher vegetation cover, such as the 

unburned site, the physical attributes of the traps are less distinguishable to certain 
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carabid species and subsequently have a lesser effect on the capture rate; this would 

partially explain the lack of difference in the number of specimens caught between trap 

types in the unburned site. 

In table 21, I have summarized the main differences between the pan and pitfall 

trapping methods. In my study, the pan traps caught higher numbers of specimens and 

species in less time than the pitfall traps. Each of the trap types collected species that 

were common to the sites; however, the pan traps were more effective at trapping rare or 

less abundant species. Overall, these observations suggest the carabid assemblages 

collected by pitfalls were predominantly a subset of those caught in the pan traps. One 

major drawback to using pan traps, especially in burned areas where there is a lot of 

debris, was the extensive processing time of the samples. 

Regardless of the efficiency of pan traps, for a number of reasons, exclusive use 

of this trapping method may not be appropriate for collecting carabid beetles in burned 

and unburned sites. First, due to the low cost and ease of collection, most carabid surveys 

use pitfalls (e.g. den Boer, 1986; Holliday, 1991; Spence and Niemela, 1994) whereas 

pan traps are more popular when multiple taxa are of interest ( e.g. Blades and Marshall, 

1994; Runtz and Peck, 1994). Therefore, the use of pitfalls facilitates comparison with 

other research in Alberta and elsewhere. Second, because the pan traps collected large 

samples they were very time consuming to sort and this was particularly true for the 

burned sites where the traps became readily filled with ash and debris. Third, due to high 

evaporation rates during the peak summer months, servicing the pan traps was more 

labour intensive than the pitfalls. Fourth, in each of the sites there was substantial 



Table 21. Summary of the observed differences and similarities between 
sampling with yellow pan and pitfall traps. 

Total# of Total# of Common Rare 

Trap type specimens 

Yellow pan Higher 
Pitfall Lower 

species 

Higher 
Lower 

species 

+ 
+ 

species 

+++ 
+ 

Processing 
time 

+++ 
+ 

127 
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destruction of the pan traps by bears and other animals resulting in greater sample loss 

than pitfalls. Lastly, more non-target animals such as mice and shrews were trapped in 

pans as opposed to pitfalls. In summary, each trapping method has a particular bias. 

However, the use of standardized techniques over time and across sites allows 

comparison of data sets (Hammond, 1997; New, 1998). 



5. GENERAL CONCLUSION 

5.1 Summary 
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Invertebrates occur in almost every habitat and play an integral role in the 

ecological functioning of natural ecosystems (Rosenberg et al, 1986). Their diverse roles 

including predators, parasites, herbivores and pollinators, make invertebrates vital to 

forests and natural communities. Research has demonstrated the various ways that 

invertebrates are affected by forest-management activities (Winchester, 1999). Although 

forest invertebrates have been indicated as an important component of research that 

wishes to investigate ecosystem functioning at various spatial and temporal scales 

(Finnamore et al, 1999) with the exception of focal groups such as butterflies and 

dragonflies, basic inventory and ecological information is generally poor (New, 1999). 

While many studies have addressed the effects of forestry practices on specific 

invertebrate taxa (e.g. Greenberg and McGrane, 1996; Spence and Langor, 1998; Reich et 

al, 2001 ), few have considered the potential effects of salvage logging after a wildfire. In 

light of the growing debate concerning the practice of postfire logging (Mclver and Starr, 

2000) and its possible impact on the invertebrate fauna ( e.g. Greenberg and McGrane, 

1996), the main focus ofmy research was to compare carabid beetle, spider and syrphid 

fly assemblages in burned, burned salvage-logged and unburned forest stands two and 

three years after the disturbance. Further, given the monetary and time constraints of such 

reseach, I was interested in examining the results for carabids at different taxonomic 

resolutions and comparing the effectiveness of different trapping methods. 
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In terms of richness and abundance, my findings suggest that the burned sites 

were different from the unburned stand, regardless of logging practices after the fire; the 

burned sites, however, did not differ from each other. The three taxa studied showed a 

variety of patterns among the sites suggesting that they provide different information 

about disturbance in this environment. For example, in 2000, carabid genus-richness was 

highest in the burned sites and the burned-salvaged and burned-m:isalvaged sites showed 

the greatest convergence of genera. In the same year spider richness and abundance were 

the greatest in the unburned site and the burned-salvaged and the unburned sites 

contained the most similar assemblages. Syrphids, however, showed little variation 

among the sites. These findings support the suggestion that a combination of taxa 

provides a more descriptive assessment of local diversity (Kotze and Samways, 1999). 

Patterns observed in the composition of the fauna among the sites highlighted the 

importance of considering the relative abundance of individual species and genera. 

Furthermore, treating the taxa at a higher taxonomic level demonstrated the limitations of 

this resolution when comparing the results to other studies and relating patterns to the 

natural history of certain specimens. When carabid beetles were examined at two 

taxonomic levels, genus and species, richness and diversity were higher in the burned 

sites as opposed to the undisturbed forest, although there was year-to-year variation in the 

results depending on the taxonomic resolution. In both 2000 and 2001, at the species

level, richness was consistently higher in the burned-unsalvaged site. In contrast, at the 

genus-level, richness was significantly higher in the burned-salvaged during the second 

year of sampling. This difference is expected since the higher taxonomic rank (genus) 



131 

inevitably has fewer members than the lower rank (species). However, it shows that an 

analysis at the genus-level can lead to a different conclusion. 

Abundance of carabids was similar among the burned and unburned sites. 

However, my findings suggested that the assemblages in the burned sites were becoming 

more similar over time; in the same instance, carabid species in both the burned-salvaged 

and bumed-unsalvaged sites became less similar to the unburned assemblage from the 

second to the third year after the bum. In general, the composition of the burned sites 

showed assemblages characteristic of disturbed sites ( e.g. Amara and Harpalus spp.), 

pyrophilus species ( e.g. S. quadripuncata and S. bembidiodes) and generalists 

( e.g. P. adstrictus). Similar to observations made by Cobb (Thesis, 2001), my findings 

suggest that the post-fire successional areas offer a unique habitat for many carabid 

species. Differences in the species assemblages between the burned-salvaged and 

unsalvaged site stress the importance of setting aside areas that are left unsalvaged after a 

bum (Alberta Research Council, 1999). 

My results lend support to the observation that spider richness and abundance are 

reduced in early successional stands (e.g. Huhta, 1971; Willett, 2001). In contrast to the 

burned-salvaged site, richness was higher in the unburned site. However, diversity did 

not differ among the sites. Due to the dominance of the genus Pardosa, abundance was 

greatest in the unburned forest stand. 

The burned-salvaged and the unburned sites were the most similar in their 

assemblage structure whereas the burned-unsalvaged and the unburned site showed the 

greatest contrast (higher complementarity). Investigation of the spider assemblage to the 
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species-level, and over the course of both sampling seasons, may have demonstrated 

alternate results. For example, although Pardosa dominated all of the stands, a closer 

look at the species-level distribution would have shown that there were eight species of 

Pardosa in the burned-salvaged site, seven species in the bumed-unsalvaged site and 

only three species in the unburned site. Recovery in spider assemblages has been 

observed two years post-bum (Spence and Langor, 1998), but additional information is 

needed to assess the long-term patterns in my study sites. 

A number of trends were observed in the structure of the spider assemblages. The 

unburned site was mainly characterized by a high number of web-building spider 

specimens and genera predominantly from the subfamily Erigoninae (Linyphiidae), 

whereas the burned sites were primarily composed of hunters from the Lycosidae, 

Gnaphosidae and Thomisidae. Web-builders from the Linyphiidae (Erigoninae and 

Linyphiinae) were also represented in the burned sites; however, they were in low 

numbers. Previous research has shown that lycosid, gnaphosid, and linyphiid species 

rapidly colonize burned areas (Koponen, 1993). Furthermore, opening of the forest 

canopy usually results in an influx of pioneer lycosids and an efflux of linyphiids (D. 

Shorthouse, personal commun. ). The extent of habitat structural complexity is considered 

of primary importance to the presence and persistence of both hunting and web-building 

spiders (Uetz, 1991; Koponen, 1993; Buddle, 2001). 

Of the three taxa studied, the syrphid flies showed the least amount of variation in 

richness, diversity and abundance. In spite of the fact that environmental factors were not 

measured in this study, the lack of difference between the burned and unburned stands 
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contrasts with the observation that syrphid diversity is lower where canopy cover is dense 

(Humphrey et al, 1999). Similar to the spider data, my observations may demonstrate a 

different picture if syrphids were considered to species. For example, two of the most 

numerous genera among all three sites, Platycheirus and Eupeodes, included nine species 

and six species respectively (Appendix 3). 

I observed trends in the syrphid fly assemblages that may suggest their preference 

towards particular sites. Collectively, predatory genera predominated across all of the 

sites and when present, phytophagous genera were generally sparse, with the exception of 

Cheilosia in the unburned site. Previous research has shown an increase in predatory 

species in disturbed areas ( e.g. Bankowska, 1980) and vegetation composition affects the 

habitat choice of syrphids with phytophagous larvae (Speight, 1997). My observations 

also suggested that one genus, Sphaerophoria , whose presence has been linked to border 

complexity and specific microclimatic conditions (Haslett, 2001 ), demonstrated a 

particular preference to the bumed-unsalvaged site. The structure of dominant 

assemblages across all three sites suggests that Eupeodes, Platycheirus, Syrphus and 

Xylota are particularly effective at exploiting a variety of habitat types. 

5.2 Sampling 

5.2.1 Trapping Methods 

In addition to considering the number of carabid species and their composition 

among the sites, I also compared the effectiveness of pan and pitfall trapping methods 

within each of the burned and unburned sites. Overall, in terms of richness, abundance 
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and the rate of trapping, pan traps appeared to be the most effective and efficient method 

for catching carabid beetles. Pan traps also collected more rare species (species in low 

numbers) and new species at a faster rate than pitfall traps. 

My results further suggested that the traps may differentially collect particular 

species depending on the characteristics of the site. S. quadripunctata, for example, was a 

dominant component of the assemblage in the burned-unsalvaged site but was only 

obtained in the pan traps whereas in the burned-salvaged site this species was caught in 

both trap types. Therefore, the effectiveness of the trap type at collecting certain species 

may depend on the environment. Generally, each trap type caught the dominant species 

in each forest site although pan traps obtained more specimens of the most abundant 

species and pitfalls caught fewer specimens in the burned stands. 

Pitfall traps are suitable when the goal of the study is to compare assemblages of 

ground dwelling species but not for surveys of the actual abundance of tax a (Rainio and 

Niemela, 2003). It is important to link collections made with pitfall trapping to other 

sampling methods and to the biology of carabid species caught with this trap type 

(Spence and Niemela, 1994). Where strong differences in the relative abundance of 

species caught are not observed, using traps that collect the largest number of carabids 

has been preferred (Spence and Niemela, 1994). In agreement with authors that favour a 

combination of trapping methods (Hammond, 1997; Oliver and Beattie, 1996), in the 

present study a combination of pitfall and pan traps appear to be the most appropriate 

method of sampling. 



135 

5 .2.2 Seasonality 

I observed a general decline in the abundance and richness of carabids, spiders 

and syrphids over the course of the summer (May-August). Differences in richness were 

consistent over the season, but differences in spider and carabid abundance among the 

sites were depedent on the week of sampling in the first field season. Furthermore, 

syrphid activity appeared to peak four weeks later in the burned sites as opposed to the 

unburned stand. If the scale of the survey is limited to a particular time period, limitations 

of the data (e.g. Finnamore et al, 1999; B.C. Ministry of Environment, 1998) must be 

taken into consideration. 

5.3 Implications for Forest Management and Monitoring 

Burned and harvested stands converge over time on similar species associations. 

Furthermore, spider assemblages might be less sensitive to these types of disturbance but 

serve as good overall monitors of stand recovery (Spence et al, 1998). Carabids, on the 

other hand, have shown the effects of disturbance over a longer time scale (Spence et al, 

1998). With specific reference to syrphid flies , Speight (1997) emphasized the utility of 

invertebrate species' lists as management tools and in identifying priorities in site 

management and restoration, but also mentioned the drawbacks of single-family 

monitoring. 

Analysis of the composition among the sites showed differences in the carabid, 

spider and syrphid assemblages· particularly when the two burned sites were compared 

with the unburned site. These differences could reflect the existence of remnant forest-
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inhabiting specimens along with the newly established species. For example, certain 

forest spiders may have survived the fire while occupying subsurface burrows or their 

egg sacs could have been under rocks or clumps of vegetation (Fellin, 1980). Further, 

physical aspects of forest litter in the burned-unsalvaged site may have been more 

conducive to attracting ne~ colonists . It has been suggested that aspects of the forest 

litter are important in regulating the diversity of some wandering spiders (Detz, 1975). 

Open sites are more windy and the diurnal light conditions, temperature and humidity 

vary to a greater degree (Koivula, 2002). Therefore, future monitoring of the sites would 

benefit from measuring a number of abiotic factors over the course of the sampling 

period. An absence of variation among the sites may reflect similar plant communities or 

structural habitat features (Greenberg and Thomas, 1995). 

Considerable debate regarding postfire logging has been carried out without 

benefit of much scientific research (Duncan, 2002). A recent review by Mclver and Starr 

(2000), drew together the available scientific literature on postfire logging and presented 

an overview of21 studies worldwide focused on this topic. Only 14 studies were found 

that actually isolated the effect of logging burned timber with reference to an unburned 

control. Therefore, future monitoring in the park and Timber Limit sites may aid the 

development of sound management decisions and provide much needed biological 

information on the cumulative effects of different disturbances. 



137 

5 .4 Future Research 

The present guidelines for salvage logging in Alberta provide information on the 

procedures relevant to salvaging and processing of wood (FERIC Special Report, 1998). 

However, recommendations regarding the specific volume of burned timber to extract to 

maintain adequate deadwood and other resources is nonexistent (E. Phillips pers. 

commun. ). Long-term analysis of patterns in the selected invertebrate taxa is needed to 

assess the recovery of the burned-salvaged site. A study with proper site replication that 

considers the effect of extracting varying volumes of timber and that measures a number 

of abiotic factors, not considered in the present study, would be of value to the 

development of sustainable forestry practices on the Timber Limit Reserve. 
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Appendix 1: List of carabids collected in the study area. 158 

Genus Species Authority 
Agonum ferruginosum Dejean 

placidum Say 
retractum Leconte 

Amara apricaria Paykull 
cupreolata Putzeys 
ellipsis Casey 
idahoana Casey 
laevipennis Kirby 
littoralis Mannerheim 
lunicollis Schi0dte 
pallipes Kirby 
patruelis Dejean 
quenseli Schonherr 
sp.J* 

Badister obtusus Leconte 
Bembidion dyschirinum Leconte 

grapii Leconte 
incrematum Leconte 
mutatum Gemminger & Harold 
nudipenne n.sp. 
quadrimaculatum Linne 
rupicola Kirby 
viridicolle La Ferte 

Bradycellus cognatus 
Calathus advena Leconte 

ingratus Dejean 
Calosoma monilatum Leconte 
Carabus taedatus agassi Fischer 
Cymindis cribricollis Dejean 

neglectus Haldeman 
unicolor Kirby 

Dicheirotrichus cognatus 
Harpalus herbivagus Say 

laevipes Zetterstedt 
laticeps Leconte 
nigritarsus Sahlberg 

Lebia viridis Say 
Leistus ferruginosus Mannerheim 
Microlestes curtipennis Casey 
Nebria gyllenhali castanipes Kirby 
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Genus Species Authority 
Notiophilus aquaticus Linne 

directus Casey 
semistriatus Say 
simulator Fall 

Pterostichus adstrictus Eschscholtz 
ecarinatus Hatch 
melanarius Illiger 
riparius Dejean 
sphodrinus Leconte 

Scaphinotus marginatus Fischer 
Sericoda bembidiodes Kirby 

quadripunctata De Geer 
Syntomus americanus 
Trachypachus holmbergi Mannerheim 
Trechus oregonensis Hatch 
Trichocellus cognatus Gyllenhal 
23 genera 56 species 

* unidentified specimen 
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Family Genus Species Authority 
Agelenidae 

Agelenopsis utahana Chamberlin & Ivie 
Cryphoeca exlineae Roth 

Amauro biidae 
Callobius nomeus Chamberlin 

Anyphaenidae 
Anyphaena pacifica Banks 

Araneidae 
Araneus marmoreus Clerk 

nordmanni Thorell 
saevus Koch 

Araniella displicata Hentz 

Cyclosa conica Pallas 

Larinoides patagiatus Clerk 

Clubionidae 
Clubiona pacifica Banks 

trivia/is Koch 

Dictynidae 
Dictyna brevitarsus Emerton 

completoides Ivie 
jonesae Roewer 
major Menge 

Gnaphosidae 
Callilepis pluto Banks 

Gnaphosa muscorum Koch 
Haplodrassus eunis Chamberlin 

hiemalis Emerton 
signifer Koch 

Micaria aenea Thorell 
constricta Emerton 
pulicaria Sundevall 

rossica Thorell 

Orodrassus coloradensis Emerton 

Zelotes fratris Chamberlin 
puritanus Chamberlin 

Hahniidae 
Neoantistea agilis Keyserling 

magna Keyserling 
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Family Genus Species Authority 
Linyphiidae 
(Linyphiinae) Agyneta sp.1 * 

sp.2* 
sp.3* 
sp.4* 
sp.5* 
sp.6* 

Bathyphantes pallidus Banks 
Helophora tunagyna Chamberlin & Ivie 
Lepthyphantes alpinus Emerton 

complicatus Emerton 
intricatus Emerton 
pollicaris Zorsch 
zelatus Zorsch 
sp.1 * 

Linyphantes sp.1 * 
Microlinyphia mandibulata Emerton 
Microneta viaria Blackwell 
Oreonetides vaginatus Thorell 

sp.1 * 
Pityohyphantes cristatus Chamberlin & I vie 

sp.1 * 
Poeciloneta aggressa Chamberlin & Ivie 
Tennesseellum formicum Emerton 
Linyphiinae sp.1 * 

Linyphiidae 
(Erigoninae) 

Ceratinella sp.1 * 
Ceratinops inflatus Emerton 
Diplocentria bidentata Emerton 
Dismodicus decemoculatus Emerton 
Eperigone trilobata Emerton 
Erigone sp.1 * 

sp.2* 
sp.3* 

Ha/orates alascensis Banks 
ksenius Crosby & Bishop 

Hybauchenidium gibbosum Soerensen 

Hypselistes florens Pickard-Cambridge 
lslandiana flaveola Banks 



Appendix 2: continued 162 

Family Genus Species Authority 
Linyphiidae 
(Erigoninae) 

Micrargus pacificus Emerton 
Pocadicnemis occidentalis Millidge 
Sciastes truncatus Emerton 
Scotinotylus exsectoides Millidge 

pallidus Emerton 
sp.1 * Simon 

Sisicottus monatus Emerton 
Spirembolus prominens Millidge 

Symmigma mznzmum Emerton 
Tachygyna sp.1 * 
Tapinocyba sp.1 * 
Walckenaeria atrotibialis Pickard-Cambridge 

cornuella Chamberlin & Ivie 
directa Pickard-Cambridge 
exigua Millidge 
sp.l * 

Zornella cryptodon Chamberlin 
Erigoninae sp.1 * 

sp.2* 
sp.3* 
sp.4* 
sp.5* 

Liocranidae 
Agroeca ornata Banks 

Lycosidae 
Alopecosa aculeata Clerck 
Arctosa apligena Deleschall 
Hogna frondicola Emerton 
Pardosa concinna Thorell 

distincta Blackwell 
dorsalis Banks 
dorsunctata Lowrie & Dondale 

mackenziana Keyserling 
moesta Banks 
tesquorum Odenwall 

xerampelina Keyserling 

Trochosa terricola Thorell 
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Family Genus Species Authority 
Philodromidae 

Ebo bucklei Platnick . 
Philodromus cespitum Walckenaer 
Thanatus coloradensis Keyser ling 

rubicellus Mello-Leitao 
Tibellus oblongus Walckenaer 

Salticidae 
Eris militaris Hentz 
Evarcha proszynskii Marusik & Logunov 
Pellenes montaus Emerton 
Phidippus sp.1 * 
Talavera minuta Banks 

Tetragnathidae 
Tetragnatha laboriosa Hentz 

Theridiidae 
Crustulina sticta Cambridge 
Enoplognatha intrepida Soerensen 
Euryopis argentea Emerton 
Robertus vigerens Chamberlin & Ivie 
Steatoda albomaculata de Geer 

hespera Chamberlin & Ivie 
Theridion differens Emerton 

montanum Emerton 
sexpunctatum Emerton 

Thomisidae 
Xysticus benefactor Keyser ling 

canadensis Gertsch 
emertoni Keyser ling 
ferox Hentz 
luctuosus Blackwall 
pretiosus Gertsch 
punctatus Keyser ling 
triguttatus Keyserling 

17 Families 75 Genera 130 species 

* incomplete identification 
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Genus Species Authority 
Arctophila flagrans Osten Sacken 
Blera nigra Williston 

nigripes Williston 
Brachyopa netata 
Chalcosyrphus nemorum Fabricius 
Cheilosia tristis Loew 
Chrysotoxum fasciatum Muller 
Dasysyrphus venustus Meigen 
Epistrophe sp* 
Eristalis rupium Fabricius 

nemorum Linneaus 
tenax Linneaus 

Eupeodes· perplexus Osburn 
lapponicus Zetterstedt 
pomus Curran 
snowi Wehr 
volucris Osten Sacken 
flukei Jones 

F erdinandea dives Osten Sacken 

Heliophilus sp* 
Heringia sp* 
Hiatomyia plutonia Hunter 
Lejops anausis Walker 
Lejota sp* 
Leucozona lucorum Linneaus 
Melangyna triangulifera Zetterstedt 

umbellatarum Fabricius 
Melanostoma mellinum Linneaus 

Microdon albicomatus Novak 
Meliscaeva sp* 
Neoascia sp* 
Orthonera sp* 
Paragus (Paragus) sp* 
Parasyrphus tarsatus Zetterstedt 
Parhelophilus obsoletus Loew 
Pipiza sp.* 
Platycheirus granditarsus Forster 

stegnus Say 
angustata Zetterstedt 
albimanus Fabricius 
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Genus Species Authority 
Platycheirus peltatoides Curran 

nearcticus Vockeroth 
connicus Snow 
obscurus Say 
concinnus Snow 

Rhingia nasica Say 
Scaeva pyrastri Linneaus 
Sericomyia militaris Walker 

chalcopyga Loew 
Sphaerophoria sulphuripes Thompson 

abbreviata Zetterstedt 
philanthus Meigen 
contigua Macquart 
asymmetrica Zetterstedt 

Sphecomyia sp* 
Syrphus ribesii Linneaus 

vitripennis Meigen 
opinator Osten Sacken 

Temnostoma vespiforme Linneaus 

Toxomerus marginatus Say 
Volucella bombylans Linneaus 
Xylota naknek Shannon 

sp.A* 
sp.B* 
bigelowi Curran 
hinei Curran 
subfasciata Loew 
bigelowi Curran 

38 genera 68 species 
sp* identification incomplete 
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Family Genus Species Authority 

Argidae 
Arge clavicornis Fabricius 
Sterictophora maura Cresson 

Cimbicidae 
Trichiosoma triangulum Kirby 
Zaraea americana Cresson 

Diprionidae 
Neodiprion sp. 1 

Pamphiliidae 
Onycholyda sitkensis Konow 
Pamphilius ochreipes Cresson 

Siricidae 
Xeris spectrum spectrum Linne 

Tenthredinidae 
Allantus albolabris Rohwer 
Amauronematus sp. 1 

sp. 2 
sp. 3 
sp. 4 

Ametastegia angustata or aperta 
coloradensis Weldon 
equiseti Fallen 
glabrata Fallen 
pallipes Spinola 
recens Say 

Ardis brunniventris Hartig 
Blennogeneris spissipes Cresson 
Dolerus aeneiceps Goulet 

apricus Norton 
aprilis Norton 
borealis MacGillivray 
elderi elderi Kincaid 
gessneri Andre 
yukonensis Norton 

Empria ignota Norton 
improba Cresson 
maculata Norton 
near maculata 

Euura sp. 1 
Hemichroa militaris Cresson 
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Family Genus Species Authority 
Tenthredinidae 

Macremphytus lovetti MacGillivray 
Messa leucostoma Rohwer 

wuestneii Konow 
Monophadnoides genicultatus Hartig 

pauper Provancher 
Monophadnus pallescens Gmelin 

new genus new 
Near scolioneura spp. 
Nematinus pontanoides Marlatt 
Nematus sp. 1 

sp. 2 
sp. 3 
sp. 4 
sp. 5 
sp. 6 
sp. 7 
sp. 8 
sp. 9 
sp. 10 
sp. 11 
ssp. 

Pachynematus clypeatus Marlatt 
corniger group 
extensicornis Norton 
sp. 1 

Pachyprotasis rapae Linne 
Phymatocera ruscula MacGillivray 
Pontania sp. 1 

sp. 2 
sp. 3 
sp. 4 
sp. 5 

Priophorus morio Lepeletier 
Pristiphora sp. 1 

sp. 2 
sp. 3 
sp. 4 
sp. 5 
sp. 6 
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Family Genus 
T enthredini dae 

Xyelidae 

Pristola 
Rhadinoceraea 
Rhogogaster 
Tenthredo 

Xyela 

Species 

sp. 7 

sp. 8 
sp. 9 

sp. 10 
sp. 11 

sp. 12 
sp. 13 
sp. 14 
macnabi 
aldrichi 
californica 
atrocoerulea 
colon 
magnifica 
montana 

Authority 

Ross 
MacGillivray 
Norton 
Provancher 
Klug 
MacGillivray 

Provancher 

n.sp. Code: T. consessa -10 new sp. 

n.sp. Code: T fraternalis -3 new sp. 

n.sp. Code: T pectoralis -2 new sp. 

n.sp. Code: T. varipicta -2 l new sp. 
nigritibialis MacGillivray (?) 

ruficollis 
stricklandi 
ventrica 
xantha 

alberta 
obscura 
sp. 1 

Ross 
MacGillivray 
Norton 

Curran 
Strom. 

7 families 35 genera 99 species 

Sawfly identification by Henri Goulet, December 10, 2001 
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