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ABSTRACT 

Large-scale clear-cut logging in the boreal forest may contribute to ihe loss of insect 

b iodiversity through reductions in the amount of older, undisturbed forest and through 

stand-level decreases in structural heterogeneity. To investigate the long-term effects of 

clear-cutting on insect comrnunities, hymenopteran and dipteran communities were surveyed 

with Malaise traps during the summer of 1998 in 12 mature (30-50 year old) post-logged and 12 

unlogged boreal mixedwood stands in northeastem Ontario. Unlogged stands yielded a 

significantly higher abundance of Dolichopodidae (long-legged flies), several Syrphidae 

(hoverflies) species, and the Syrphidae larval wood-inhabiting guild. These differences were 

predominantly due to the older ages of the unlogged stands which supported different habitat 

features, though some evidence of a logging effect per se was found. These resuits dernonstrate 

the need for maintairring features characteristic of older forests in post-logged stands, and 

suggest a potential loss of insect species characteristic of older forests, particularly species 

dependent on downed woody debris, in the face of continued clear-cut logging activities. 
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Canada's boreal forests, which contain 25% of the world's last remaining tracts of 

pristine forests (Bryant et al. 1997), are becoming increasùigly threatened due to clear-cut 

logging activities. This is particularly evident in Ontario, where intensive mechanized 

clear-cutting has been prevalent in the boreal mixedwood ecosystem for the last 40 years 

(MacDonald 1996) and where these forests comprise 53% of the provinces productive forest 

(Towill 1996). Clear-cutting is currently the major disturbance type in the boreal forest, 

surpassing wildfire (Brumelis and Carleton 1988). Furthermore, although forestry operations in 

Ontario are moving towards increasingly sustainable methods of harvesting, as outlined by the 

Crown Forest Sustainability Act (CFSA 1994), a fundamental problem exists. While the main 

thmst of this act requires that ecological processes and biodiversity be maintained through 

sustainable forest management, the definition of sustainable remains elusive, and very little is 

known about the ecological impacts that clear-cutting imposes on this region's flora and fauna. 

One way by which h a ~ e s t i n g  operations hope to adhere to ?he principles of the Crown 

Forest Sustainability Act is by emulating natural disturbances of the ecosystem (MacDonald 

1995). The use of clear-cutting is often rationalized because disturbance is a key aspect of the 

boreal forest ecosystem, and histoncally, fire, insect outbreaks, and storm damage have shaped 

and maintained the heterogeneity of the boreal landscape (Van Wagner 1978; Hansson 1992; 

Haila er al. 1994). As clear-cutting in some ways approximates the alterations that fire imposes 

on the stand, the use of clear-cutting is often justified through the argument that these two 

disturbances are ecologically similar. 

Nevertheless, large-scale harvesting, in addition to the concomitant decrease of wildfire 

due to active fire suppression, has altered the structure and composition of the landscape in a 

I 



2 

manner dissimilar to the nahual disturbances. Superficially, clear-cutting sustains effects on the 

forest analogous to wildfire by removing the upper canopy, and thereby altering the 

microclimatc in the interior of the forest stand (Carleton and MacLellan 1994). However, 

clear-cutting systematically removes the trees themselves (Bergeron 199 l), removing most of 

the stmctural components from the stand. Moreover, fire exhibits a great deal of variation in 

intensity, size and pattern, depending on features such as topography, latitude, and moisture of 

the landscape (Van Wagner 1983), thereby producing a mosaic of age-classes (Heliovaara and 

Vaisanen 1984; Hunter 1993). Because fire varies in its intensity, fire may burn only the top of 

the canopy, or may even skip parts of the stands (Van Wagner 1983). Even when fire results in 

high mortality of the stand, dead wood is retained in the f o m  of snags (Hansen et al. 199 1) and 

some propagules are maintained as a potential seed bank, particularly of those species that 

contain serotinous cones in addition to species that c m  regenerate via suckering (Van Wagner 

1983). These remaining structurai components or legacies comprise the major source of woody 

debns for the stand, which are important and sometimes obligate habitat features for many 

species (Hannon et al. 1986; Hagan and Grove 1999). In light of these differences, clear-cutting 

may induce different changes to the biota than natural events (Hansson 1992; Carleton and 

MacClellan 1994). 

An additional fundamental concem with clear-cutting is the conversion of forests from 

their original conifer-dominated composition to a deciduous-dominated forest. Fire consumes 

the top layer of organic material, creating a receptive seedbed and inhibits the growth of 

cornpetitive understory plant species, thus promoting the regeneration of coniferous species 

(Carleton and MacLellan 1994; Heamden et al. 1992). Mechanized clear-cutting, however, 

encourages the regeneration of deciduous trees, such as Populus spp., via suckenng, and through 

exposure of mineral soi1 (Hearnden et al. 1992; Jackson et al. 2000). In northeastern Ontario, 
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evidence of widespread conversion was documented in the Independent Forest Audit (Hearnden 

et al. 1992). This comprehensive report demonstrated that Ontario's boreal forests are 

experiencing a decline in coniferous species, and documented that spruce stands on upland sites 

exhibited a much higher hardwood composition after Iogging. Carleton and MacLellan (1994) 

substantiated this study, and found that différent regeneration patterns of vegetation were 

discernible in logged and unlogged stands. Even 20 years ago, the issue of stand conversion to 

higher proportions of hardwoods in mixedwood stands was of critica! concern (Ketcheson 1981 ; 

Robinson 198 1 ; Yang and Fry 198 1). More recently, post-logged stands have been found to 

contain high densities of birch seeds in the soil, and the high regeneration potential of aspen 

through suckenng leaves a poor representation of Picea spp. established in future stands (Qi and 

Scarratt 1998). Simultaneously, the increased ability to utilize hardwoods has provided less of 

an incentive to regenerate softwoods, particularly black spruce, back into the stand. The 

increased use of hardwoods is believed to be in part indicative of a relative scarcity in softwoods, 

rather than a Gecline in the necessity for softwoods (Ketcheson 198 1). Jackson et al. (2000) 

found evidence of an increase in the hardwood component of the boreal forest even in 

cornparison to pre-colonization (1 850) (and therefore prior to fire-suppression activities). 

An additional potential problem is the increasing logging-induced homogenization of the 

boreal landscape (Hansson 1992). The cause of this is twofold: due to changes in the mosaic of 

ages in the landscape, and the shift in species composition to more hardwood-dominated stands. 

This phenornenon is well documented in Sweden, where older boreal stands are rare (Linder and 

Ostiund 1998). Within Ontario, the projected trajectory of the future age-class distribution 

follows a sirnilar pattern. Baker et Q!. (1996) predicted that over the next 40 years, the boreal 

forest will expenence a reduction in the number ofolder trees for a number of species, including 

white and black spruce, and therefore anticipate a decline in old stands in the landscape. Unlike 



an unrnanaged landscape, which has a number of older stands in the landscape, the age 

distribution of managed forests is truncated, and stands are harvested before they reach older 

ages. This is exemplified in Van Wagner (1978), who illustrated the rectangular age distribution 

of managed forests, versus a negative exponential age distribution of forests shaped by fire. 

In Ontario, harvesting is still occumng in forests previously unscathed by large-scale 

hurnan-induced disturbances. However, as logging activities move into the second rotation, 

maintaining older stands within the landscape will becorne increasingly difficult, as the average 

rotation age of £ire in the southem boreal is 75-150 years (Day and Harvey 1981; Danks and 

Foottit 1989; Payette 1992), a regime that will not likely be perpetuated through harvesting. If 

the intervals between cutting activities at a particular site are shorter than natural occumng 

disturbances, it is inevitable that over time, a shift towards younger ages will ensue. 

This becomes a fiindamental problem for species dependent on old-growth forests. Many 

boreal species are known dependents on features characteristic of old-growth forests, including 

songbirds and woodpeckers (e-g. Welsh 1987), and marten (e.g. Thompson 1994), in addition to 

various invertebrate taxa such as some ground beetles (Coleoptera: Carabidae) (Spence et al. 

1 W6), spiders (Pettersson 1 996), ants (Punttila et al. 1994), and fiingus-gnats (Diptera: 

Mycetophilidae) (Okland 1996). The loss of old forests, which are associated with many 

structural components such as large snags and downed wood, may result in reduced structural 

heterogeneity in the stands. Unfcrtunately, the habitat requirements of many boreal species and 

how they will respond to changes in the forest are not well known. 

An additional point of concern in Ontario's forests are the structural changes which may 

ensue following logging. Data from studies in Sweden suggest that the structure of the forests 

has been radically altered in cornparison to the pre-logging condition (Linder and Ostlund 1998). 

In the Swedish landscape, large-diameter trees are scarce, and it is estimated that the abundance 



of snags has declined by greater than 90% (Linder and Ostlund 1998). A reduction in the 

amount of coarse woody debris in managed stands is often cited as a key problem following 

harvesting activities because harvesting occurs before large arnounts of dead wood can 

accumulate ana also removes most of the stnicniral components during harvesting (Hansen er ai. 

199 1). 

Numerous stüdies have demonstrated striking differences in the insect fauna of boreal 

forests with different disturbance histories (Niemela er al- 1993a; Haila et al. 1994; Okland 

1994). The boreal ecosystem is generally thought of as containing a depauperate biota relative 

to other forested ecosystems; however, the insect fauna of northem Ontario is diverse and 

extreinely rich in numbers (Danks and Foottit 1989). Historically, insects were dismissed in 

biodiversity studies, particularly as a tool for determining the impacts of hurnan disturbances, 

because changes in their populations are less conspicuous than for larger taxa, particularly 

vertebrates (Kremen et al. 1993). However, attitudes towards insects have changed drastically, 

and they are increasingly used in biodiversity studies (Pearson ar,d Cassola 1992; Kremen et a!- 

1993; Oliver and Beattie 1993; Landres et al. 1998). Insects may reveal impacts that cannot be 

observed in other taxa, due to their small-scale habitat use, microhabitat specializations and rapid 

generation time (Pearson and Cassola 1992; Niemela et al. 1993a). This potential for sensitivity 

to disturbances, in addition to their ubiquity and ease of sarnpling, renders insects as potentially 

useful indicators of habitat change (Noss 1990; Pearson and Cassola 1992). This is particularly 

true given that the world's terrestrial fauna is dominated by insects, reaching estimates of 1 

million to 30 million species worldwide (Wheeler 1990). Furthemore, the full complement of 

trophic levels are represented within the insect comrnunity, thus, functional changes in the 

ecosystem can be studied (Thompson 1984). Arthropods play pivota1 roles in ecosystems, as 
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decornposers, pollinators, parasitoids, herbivores, as well as prey for many bird, arnphibian and 

small mamrnals (Thompson 1984). 

In Ontario, there is a considerable gap in the baseline knowledge of the responses of 

insects to clear-cutting. In Scandinavia, the responses of various insect taxa to habitat changes 

resulting fiom logging have been investigated (e.g. Niemela 1997), which emphasizes the need 

for similar studies in Ontario. The faunal differences among the different boreal forests 

world-wide, in addition to different logging histones may limit extrapolation. Nevertheless, 

Niemela et ai. (1 993a) found that carabid beetles respond similarly to logging disturbance 

between continents, suggesting that at least on a regional scale, general pattems can be applied. 

However, on a local scale it is imperative to identiQ specific pattems. Thus, to maintain insect 

biodiversity within Ontano's forests, it is essential to determine patterns locally (and the actual 

species involved), while gathenng general patterns fkom other areas. 

Although species and processes may differ between different parts of the world, general 

cornparisons between boreal regions are illustrative. One fundamental difference between the 

boreal forests in Canada and in Europe is the extent and duration of logging activities. In 

Sweden, large-scale harvesting began in the late 1800's, though clear-cutting did not became the 

predominant harvesting method until the 1950's (Linder and Ostlund 1998). Because Sweden 

and other Scandinavian countries initiated logging at a much earlier time than in Canada, they 

have more thoroughly investigated the impacts of these activities on the flora and fauna (Haila et 

al. 1994; see Annales Zoologici Fennici, 3 1(1), 1994). The condition of their forests can serve as 

a possible scenano for Ontario's forests, providing a potential learning tool to improve Ontario 

forest management practises. 

Boreal forest studies in Europe have demonstrated numerous negative impacts on insects 

due to logging (Heliovaara and Vaisanen 1984). Clear-cutting alters the physical, biological and 
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chernical properties of the soi1 and litter, components of the forest which are necessary for the 

survival of numerous species (Cortina and Vallejo 1994 in Spence et ai. 1997). High numbers of 

dead and decaying trees, in addition to high levels of lichen growth, are extrernely important to a 

number of insect taxa, particularly beetles, moths and spiders (Petteason 1996). On a local 

scale, a number of studies have demonstrated that clear-cutting alters species richness between 

logged and unlogged stands. For example, Vaisiinen et al. (1993) found that the number of rare 

species captured in the mature forest was far greater than in the harvested forest. Species-level 

effects rnay be more severe for taxa that exhibit specific habitat requirements. This was evident 

with mature forest species, the majority of which did not show any signs of recovery even 27 

years following logging (Niemela et al. 1993b). Changes in species richness rnay be misleading 

and do not provide information about the responses of specific species and how they respond to 

disturbance. 

Based on the Scandinavian forest history, there is the potential that Ontario rnay 

experience sirnilar phenornena, and that a portion of boreal forest insect fa-ma rnay be threatened 

(Berg et al. 1994). Unfortunately, without baseline data, it rernains unknown as to how insects 

respond to logging, let alone which species rnay be threatened. It is evident that insects are 

impacted on multiple scales, with the potential for both short-term and long-term effects. Many 

responses to logging rnay not be manifested until yean in the future. Carabid beetles exempli@ 

this point well, as decades following clear-cutting some mature-forest species have not 

recolonized these specific forest areas (Halme and Niemela 1993). Therefore, it is important to 

observe changes in the insect fauna years following disturbance to determine if the impacts are 

long-lasting. 

The long-term impacts of clear-cutting on components of the boreal forest insect fauna 

were investigated in this thesis. By comparing abundances and diversity of various insects 



between mature post-logged and unlogged mixedwood forests, 1 address the question of how 

select insect taxa respond to clear-cutting in Ontario. 



CHAPTER 1 The impacts of clear-cutting on the abundances of selected 

higher-level dipteran and hymenopteran taxa in the boreal mixedwood forests 

of northeastern Ontario 

INTRODUCTION 

The boreal forest represents one of the world's last remaining areas of pristine forest, yet 

harvesting activities may pose a serious threat to the forest's biodiversity (Bryant et al. 1997). 

Despite its global importance and vast expanse, the ecological impac~s of clear-cutting practises 

in the boreal forest remain poorly known, particularly in Ontario. This is especiaily true of the 

insect fauna, for which a paucity of ecological data exists beyond taxonomic classification 

(Danks and Foottit 1989; Kevan et al. 1993). The absence of baseline ecological knowledge 

upon which logging-induced changes in the insect community c m  be gauged reflects an 

undersarnpled and understudied community. Moreover, in spite of its ostensibly uniform forest 

cover, the boreal forest harbours a diverse mosaic of habitats, encompassing a broad array of 

insect species (Danks and Foottit 1989). 

Currently, the boreal forest is being increasingly exposed to anthropogenic disturbances 

due to clear-cut logging. Continued hawesting in these forests, particularly in the southem 

boreal mixedwood region, may alter forest featwes required by insect communities. In addition, 

the boreal landscape is experiencing a reduction in heterogeneity (Hunter 1990; Hansson 1992; 

Linder and Ostlund 1998), which plays a crucial role in shaping the composition of insect 

species assemblages and preserving insect biodiversity in managed forests (Niemela et al. 1996; 

Pettersson 1996). Large-scale logging activities have imposed clear ecological changes within 



10 

the insect fauna (Warren and Key 199 1) partisularly in the boreal forest ecosystem (Heliovzara 

and Vaisanen 1984). Certain insect groups may be impacted by these activities and offer the 

possibility of being indicators of habitat change due to harvesting activities. These potential 

indicator taxa rnay be measurable surrogates of biodiversity which reflect a method of 

determining an ecosystem's status, without actually measuring al1 aspects of biodiversity (Noss 

1990). 

Within boreal Canada, a number of studies have investigated the impacts of logging on 

tnsects (Fye 1972; Niemela et al. 1993a,b; Roland 1993; Addison 1996; Barber 1996; Spence 

1996; Paquin and Coderre 1997; Roland and Taylor 1997; Duschesne and Lautenschagen 1999). 

In an investigation of the aculeate Hymenoptera community following selective logging, Fye 

(1 972) found that recently Iogged stands were favoured by bees and wasps, which preferred the 

open, disturbed areas containing higher abundances of pioneer flora. Barber (1996) and 

Duschesne and Lautenschagen (1999) found few differences in the ground beetle community 

(Coleoptera: Carabidae) betwe~n clear-cut and unlogged stands. Niemela et al. (1993b) and 

Spence et al. (1996) reported that the landscape-level impacts of logging may alter the ability of 

some ground beetles to recolonize old-growth fragments, as they observed a decline in the 

abundance of mature forest specialists. Moreover, they found evidence that even some forest 

generalists may experience long-term negative effects due to fragmentation and the creation of 

large hornogeneous areas of young forest. In northwestern Ontario, such conspicuous 

differences were not observed, although Barber (1996) did discover an increased dominance of 

one carabid species in the logged forest stands. Duschesne and Lautenschagen (1999) obsewed 

greater richness and diversity of carabids in recent (7-9 year old) clear-cut plots, although 

abundances of five species were greater in the unharvested plots. Within the soi1 arthropod 

community, mite (Acari) abundance decreased following clear-cutting, but springtails 



(Collembola) were unaffected (Addison 1996). Paquin and Coderre ( 1997) looked at the 

responses of soi1 fauna to recently (1 year) clear-cut forests, in which overall abundance and 

richness decreased compared to uniogged forests. Roland and Taylor (1997) conducted a 

large-scale study to determine relationships bctween parasitism and forest fragmentation 

resulting from clear-cutting, by examining the abundance of four species of parasitoids on the 

forest tent caterpillar, Malacosoma disstria, in Alberta's aspen forests. They found that 

parasitism was highest for three of the species found in the contiguous forests, and was Iower in 

the fragmented forests, which corroborates with Roland (1993) who found that parasitoids are 

Iess effective in frapented forests. As a result, increased edge created by increased 

fragmentation may exacerbate outbreaks of tent caterpillar (Roland 1993). 

Unfortunately, these studies are limited by the fact that oniy a few taxa have been 

investigated, and the majority of these studies focussed on the short term impacts of logging (Le. 

i - 10 years following logging). Within Caîada, research lags far behind that of Europe, where 

the maj~rity of boreaI forest insect studies have been conducted (Niemela 1997). The vast 

majority of previous insect studies in Ontario have dealt solely with boreal 'pest' insects, which 

are viewed as an economic threat to the forest resource (e.g. Dupont et al. 199 I ;  Cappuccino et 

al. 1998). Species such as the spruce budworm, Choristoneura fumgerana (Clemens), forest tent 

caterpillar, Malacosoma disstria (Hübner) and the gypsy moth, Lymantria dispar (Limeaus), can 

destroy large areas of forest, and have significant economic impacts. As a result, studies 

involving boreal insects have for the most part focussed on these few select species, in an 

attempt to devise methods of controlling their populations. 

A plethora of studies fiom Scandinavia, an area in which clear-cutting activities have 

bcen undertaken for much longer than in Ontario, provides considerable evidence that many 

insect and other invertebrate species are affected by the long-term impacts of clear-cutting (e.g. 



Niemela et al. 1988, 1993a,b, 1996; Punttila et al. 199 1, 1994; Halme and Niemela 1993; 

Okland 1994, 1996; Atlegrirn and Sjoberg 1995; Pettersson 1996; Niemela 1997). Indeed, 

Scandinavia has expressed concern over insect biodiversity loss, as reflected in their 

advancement on the protection of insects threatened by clear-cutting, which has been ingrained 

into the forestry management agenda (Pavan 1986). Evidence of declining insect divenity 

resulting from the short- and long-tenn effects of clear-cutting prompted the creation of the 

'Charter on Invertebrates' through the Council of Europe and incorporated the preservation of 

insects as part of their forest conservation strategy (Speight 1989). Research originating from 

Scandinavia has generated concern over the fate of Ontario's boreal forests. However, there are 

key differences between the Canadian and European boreal forests, such as different logging 

histories, which restricts compansons between ecosystems to general interpretation (Danks and 

Foottit 1989)' justiQing the need for further research within Ontario. 

Even in Europe, most comprehensive studies have been limited to a few taxa, 

predominately ants (Fonnicidae), spiders (Araneae) and beetles (Coleoptera), particularly ground 

beetles (Carabidae). Carabidae are thought to be excellent biological indicators in grassland 

ecosystems (Eyre et al. 1989; Luff 1996), and more recently, in forest ecosystems (Spenre et al. 

1 99 6; Niemela 1997). Carabidae are iaxonomically well-known, trophically diverse, and appear 

to respond to the impacts of logging (Niemela 1997)' which makes them ideal candidates as 

indicators of changes in the ecosystem (Pearson and Cassola 1992). However, by repeatedly 

focussing efforts on one taxon, and by neglecting other important insect forest taxa, our 

undentanding of the responses of insects to logging has become myopic. Other taxa in the 

boreal forest, such as Diptera and Hymenoptera, are highly abundant and speciose, exhibiting 

numerous functional roles; however, many of these species-rich taxa remain ecologicalIy 

unknown (Danks and Foottit 1989; Okland 1996). These groups may also serve as indicator 



taxa: a number of dipteran families are dependent on wood during their development, and may 

re flect stand-level changes in downed woody debris, an observable effect of clear-cutting 

(Hansen et al. 199 1 ; Hansson 1992). Moreover, dipteran species have been estimated to 

constitute 80-90 % of the insects reared from dead wood (Hilt and Ammer 1994 in Okland 

1996). Indeed, declines in species richness following clear-cutting have been observed in 

several taxa within these two orders that are associated with various aspects of undisturbed 

forest, such as downed wood (Speight 1989; Okland 1994; Jonsell et al. 1998). Other taxa play 

fundamental roles in the forest ecosystem, such as parasitoid wasps (Hymenoptera), which serve 

as important natural biological control agents (Danks 1979), and whose response to logging is 

unknown in Ontario. In other ecosystems, the loss of parasitoids resulted in serious changes on 

insect comrnunities. The removal of two parasitoid species resulted in severe defoliation of trees 

by an outbreak af herbivores due to lack of natural enemies (DeBach et al. 1976 in Didham et al. 

1996). Predators and parasitoids are regarded as being especially vulnerable to the effects of 

Iogging and fragmentation, to a greater degee than their prey (Kmess and Tscharntke 1994). In 

addition, the projected decline in the extent of older stands (Baker et al. 1996) rnay affect insects 

that are dependent on features of older forests. 

This chapter focusses on a higher-taxa study of the impacts of logging on Diptera and 

Hymenoptera in the boreal mixedwood forest of northem Ontario. At present, it is impractical to 

completely enurnerate al1 species within a region, and therefore other methods of assessing 

biodiversity are of potential value. Numerous studies have demonstrated the possibility of using 

higher taxonomic levels, such as families and genera, as an alternative to species; this approach 

is known as taxonomic minimalism (Beattie and Oliver 1994; Williams et al. 1997). Using such 

a strategy, higher-taxa richness could be a suitable predictor of species richness (Williams and 

Gaston 1994), and hence be used to measure the impacts that hurnan-induced disturbances may 



impose on an ecosystem. If there is evidence of higher-level taxa that respond negatively or 

positively to clear-cutting, these taxa may be potential indicators of habitat change due to 

logging activities. in addition to the Carabidae, Dolichopodidae have also been suggested as an 

indicator of habitat change, due to their sensitivity to environmental perturbations (Pollet et al. 

1989; Pollet 1992). Other candidates are the Mycetophilidae (Okland 1994, 1996) and taxa 

which have a strong influence over the trophic structure of the communities, such as parasitoids 

and predators (Thompson 1984). Evidence of these changes in abundance at a higher taxonomie 

level could provide an efficient method of monitoring the ecological impacts of clear-cutting and 

O ther forestry practises. 

The overall airn of this paper was to determine how clear-cut logging in boreal 

mixedwood forests impacted insects by identifjhg changes in abundance among selected 

higher-level taxa. Mixedwood forests were chosen as the forest type in this study as they 

constitute more than half the northem Ontario's productive forest (Cayford and McCormack 

1 98 i ; Towill 1996). As a result, a large proportion of the growing stcck of trees hawested are 

found within mixedwood forests, which is therefore an extremely valuable and economical 

ecosystem for the forest industry (Ketcheson 198 1) and consequently a major target for intensive 

harvesting operations (MacDonald 1996). The objectives of the study were: 1) to identie 

changes in abundance of higher-level taxa between mature post-logged and unlogged forests; 2) 

to investigate functional changes in the insecr cornmunities, based on the feeding guilds of each 

taxon (e.g. predators, pollinators, herbivores); 3) to determine which habitat variables were 

correlates of the abundance of selected insect taxa; and 4) to ascertain whether a gradient in 

insect abundance was present as a function of latitude. Since environmental conditions, such as 

temperature and length of growing scason decline towards the north, insect abundances may 

follow a similar pattern. 



METHODS 

Study design 

1) Identifying sites 

To maximally identiw logging impacts, post-Iogged stands in landscapes that had been 

heavily logged over time and unlogged stands in landscapes that were largely unlogged were 

located. To ideliti@ landscapes, 1 -km resolution maps of northern boreal vegetation cover 

(United States Geological Service (USGS) Landcover Classification for North America) were 

overlayed with logging history maps, which spanned the years of 195 1 to 1990 (unpublished 

maps available through the Ontario Ministry of' Natural Resources). These data were 

su pp lemented with Pathfinder AVHRR (Advanced Very High Resolution Radiometer) data for 

1992- 1 993. These data provided coarse-scale details of the areas disturbed through clear-cut 

harvesting, and additionally identi fied areas in which post-logged conversion to hardwoods was 

most widespread (Malcolm et al. unpublished), a frequent outcome of clear-cut logging in 

Ontario (Heamden et al. 1992). Bodies of water or non-forested areas were ornitted from 

analyses, as were selectively logged areas east of Lake Superior. The region of intensive focus 

encompassed Sudbury to the south, north of Hearst, Iroquois Falls to the east, and Wawa to the 

west (Figure 1.1). 

Post-logged and post-fire (unlogged) stands were identified on Forest Resource Inventory 

(FM) maps (courtesy of the Ontario Ministry of Natural Resources) whizh provided details of 

stand tree species composition and age (Table 1.1). Ground truthing was used to confirm FRI 

information, including disturbance type and stand tree composition. Tree increment cores were 

also taken to provide an estimate of tree ages in the stand, providing an independent estimate of 

stand age (see below for detailed discussion). Mixedwood stands were identified fiom the FRI 

data that contained at least 10% but no greater than 60% deciduous species (Populus tremuloides 





Table I .l-Transect codes, Iatitudc/longitudc of cacli stand, avcragc cstiinatcd agcs of trccs bascd on trcc corc incrciiicnts, stand ages froni 
Forest Rcsoiircc Invcntory (FRI) data, and stand composition bascd on FR1 data' 
Trsnscct Latitude1 Estiinated FR1 % % P. YO % Abics % Betda O/o Thuja O/n Pinus YO 
code2 Longitude average agc stand Picea mariana Popu1u.s btilsanteu papyriîpra nccendent111i.s ban ksiana der id uous 
-- of trccs agc glauca SPP* 

L 1 - 1 48O05'N 8 1°44'W 37.50 1 O 80 O 1 O O O 90 



'Tablc 1.1 continiicd - 
Transcct Latitudct Estimatcd FR1 YO % P. YO % Ahies O/O Betirla % T h j a  % Pitirts % 
code2 Longitudc average agc stand Picca mariatia Poplus halsam~a pupyrifera 0ccctidet~ta1i.s ba~ ik~ ia~ f  a Occid uous 

of trccs agc glairca SPP 
U9-3 49'3'N 84'45'W 68.85 76 O 1 O 3 O O O O 60 3 O 

I Species: Picea glauca (white spnice), P. mariaria (black spnicc), Popitltrs spp.=P. trerriitloides (trcmbling aspen) and P. balsantijicra (balsam poplar), 
Ahies balsumcu (balsam tir), Bcfttla papyrijera (white birch), Piritrs banksiana (jack pine), Thyh occiderifalis (white ccdar). 
'~ransect code: Prefix of transcct code represents logging history, where U=unlogged and L=post-logged stands. Thc numbcr following the prefix 
represents numbcr code for transects within each trcatment. The hyphenatcd numbçr reprcsents ihc ecozonc, which indicatcs location along a latitudinal 
gradient from ihe southernmost (ecozone 1) to the northcmmost (ecozone 4) stands. Sec text for dctails. 
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Michx., P. balsamifera L., Betula papyrifera Marsh.), and at least 20% conifer content (Picea 

glaztca [Moench] Voss., P. mariana [Mill] B.S.P.). In four cases, stands could not be identified 

that met these critena; however, a mixture of deciduous and coniferous species was always 

attained (Table 1.1). Al1 stands were located in upland forests, thereby avoiding Iowland black 

spruce (P. mariona) bogs/swamps, as well as areas of jack pine (Pinus banksiana Lamb.) when 

possible. In addition to controlling for stand composition, mature, closed canopy stands were 

c hosen, as veri fied through ground truthing. 

2) Ecozone 

In order to control for possible differences in abundance and diversity caused by latitude, 

particularly since the study area spanned the northem distributional limits of trees characteristic 

of the Great Lakes-St. Lawrence zone in Ontario ( e g  white pine), areas of similar 

photosynthetic activity were grouped into regions, hereinafter classified as ecozones. Maps of 

photosynthetic activity throughout the region of interest were produced based on NDVI values 

(Norrnalized Difference Vegetation Index), obtained though the United States Geological 

Service (USGS) Landcover Classification for North America. These data are the ratio of two 

wavelengths, which reveal spatial and temporal variability in the amount and condition of 

vegetation (Goward et al. 1991) and were used to define variation in growirig season length in 

the study area. A Principal Components Analysis (PCA) on the monthly NDVI values was 

performed to classi@ ecozones, which maximally distinguished between northem and southern 

NDVI values. Subsequently, using a quadratic response surface model, each PCA score was 

modelled with the latitude and longitude of each NDVI value and was assigned to a fitted 

ecozone based on location (Malcolm et al. unpublished). 



Within each of the four ecozones, two landscapes were paired containing three 

post-logged and three unlogged transects, for a total of 24 transects. Each transect within an 

ecozone was located at a minimum distance of one kilometre fkom other stands in the study, with 

the exception of MO transects which werc only 600 m apart. Most transects were located 

between 5-15 km from one another. The two most distant transects were over 300 km apart. 

Stands within the southernrnost ecozone (ecozone 1) were located along the edge of the Great 

Lakes-St. Lawrence region located near Gogama, Ontario. The other ecozones (ecozone 2 to 4) 

were located in the boreal forest çlaybelt region, to as far north as 70 km north of Hearst (Figure 

1.1). 

3) Age criteria 

In this study, the oldest possible stands that had been subjected to mechanized clear-cut 

logging were identified to address the question of long-terni effects of hamesting, rather than 

recently clear-cut forests. Prior to the 1960ts, horse-logging was the predominant method of 

timber extraction; only in the mid- to late- 1960's did intensive mechanized clear-cutting 

commence (Carleton and MacLellan 1994). Accordingly, 1960's era stands were identified. It 

was not always possible to locate unlogged (post-fire) stands of comparable ages because of a 

lack of unlogged forests close to roads (a logistic constraint of this study) and the fact that fire 

suppression has rendered young post-fire stands a ranty (Carleton and MacLellan 1994). 

Consequently, stand age was controlled a priori by standardizing stand structure and 

composition (see above), and to the extent possible, by selecting relatively young post-fire 

stands. As will be discussed, stand age was used as a covariate to control for age differences as 

opposed to logging effects per se. 



Tree increment cores 

Tree increment cores were taken fiom each stand to obtain quantitative datr on the tree 

ages. Cores were taken to represent the range of dbh classes of each tree species sampled by the 

point-quarter method (see below). In the lab, cores were sanded using a series of coarse and fine 

sand paper, and to additionally increase visibility of rings, sanded with wet emery paper or 

stained with coffee or fluoroglucinol. Ages of tree cores were deterrnined using a tree ring 

measurement system (SAMSYSTEM, Miller 1994). Cores were viewed through a microscope 

attached to a monitor and computer to increase the accuracy of ihe readings. This procedure was 

perfomed for al1 transects, except Nesbitt, for which no tree cores were available. Tree cores 

that were incomplete or very difficult to read @rimariIy Pupulus spp. and Betutu sp.) were 

omitted fiom analyses. Transects with fewer than two cores were also excluded from analysis 

(Crothers). 

Stand age 

Two measurements of age were obtained for each of the 24 stands: 1) mean age of trees 

in the stand as estimated through regression equations by extrapolating ages from tree core 

increments and 2) stand ages as listed in the F M  maps. F M  values were used in the analyses as 

they were quantified through standardized methods used by the Ministry of Natural Resources. 

The estimated core ages were used because they may better reflect the true ages of the forest 

stand, as they are based on actual tree measurements, whereas the FEU ages were obtained 

through aerial photography. Tree ages were estimated by acquiring the best of the relationships 

between mean transect dbh and mean age based on the tree core increments. Ages were 
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estimated fiom the mean age and diameter of al1 tree species and separately for two species 

(black spruce and trembling aspen). Log-transformed means improved the mode1 fit for al1 

species combined, whereas the untransformed relationship for each species separately provided 

the best fit. The estimated ages from al1 three analyses were similar, and therefore the average 

tree ages were determined from the regression of al1 species only. Tree dbh values obtained 

from the point quarter data were averaged for each transect to obtain an average dbh of trees. 

Using the parameters from the above regression, tree ages for each transect were determined by 

substituting the rnean dbh fiom each stand into the equation: 

- 
where dbh is the mean diameter at breast height in cm. 

Estimated ages were cornpared with FR1 stand ages via a paired t-test to determine the 

similarity between these values for each treatment. One might not expect similar results for both 

stand age data sets as the ages of the unlogged stands were significantly higher from the FR1 

ages (dg1 1, t=-2.48, p=.03 l), while the ages of the post-logged stands did not differ 

significantiy (d+ 1 O, t=0.96, p=.358). The observed difference in the unlogged stands was likely 

due to the fact that the older stands were at a later successionaI stage, thus many of the larger 

trees in older stands may have begun to fa11 down. As a result, many large trees were not 

included in the analysis. However, since the estimated ages were derived at the stand level, and 

were actual measures of the average ages of trees on each transect, they may have provided a 

more ecologically meaningful approximation of stand age. Estimated average age of trees and 

FRi ages are listed in Tablç 1.1. 



Insect sampling 

A 300-m long linear transect was established within each stand, a minimum of 100 m 

distance from roads or bodies of water, thereby avoiding the potential problem of edges. The 

line-transect method is a cornmonly used approach for systematic and objective sampling of 

ecological data (Brower et al. 1989). Twenty-one stations were established at 15-m intervals 

along each transect. Location of each transect was detennined prior to entering the stand, and its 

exact position marked on FRI maps. 

Insect sarnpling was performed using Malaise traps - a passive, yet effective method of 

collecting large numbers of  insects (Darling and Packer 1988), particularly Diptera and 

Hymenoptera (BSC 1994). 1 used the Townes-style malaise trap (Townes 1962), which was a 

bicoloured trap, with forest green walls and a white roof, constnicted of fine polyester mesh 

(Figure 1.2). Malaise traps operate on the premise that insects flying through the forest stand 

wiII be interceped by t!!e trap, and then fly up into the collecting bottle (Ausden 1996). Each 

trap was placed in a fairly flat open area within 5 m of the transect. Malaise traps were equipped 

with a 500 mL white Nalgene bottle, filled 2/3 full with a solution of (15%) propylene glycol 

and (85%) water with a small amount of soap added to reduce the surface tension. Subsequent to 

the first two weeks of trapping, the solution was changed to ethylene glycol solution (50% 

ethylene glycol and 50% water) for the remainder of the summer. These solutions were used as 

an insect preservative in lieu of ethanol to mitigate possible evaporation over the nine days of 

trapping. Due to the high cost of propylene glycol, ethylene gIycol was used as the substitute. 

Collected samples were stored in 70% ethanol in ~ h i r l - ~ a c s @  (Nasco, USA). lnsects are 

presently stored at the Faculty of Forestry, University of Toronto. 



Two malaise traps were placed on each ûmsect (at 75 m and 225 m) for nine days and 

each transect was sampled once per month (June to early September). Traps were set up and 

collected in two cycles: transects within the two southem-most ecozones (12 of the 24 transects) 

were sampled during the first half of each month and traps in the two northem-most transects 

were sampled in the last half of the month. Traps within the same ecozone were sampled 

simultaneously. 

Figure 1.2-A malaise trap used for insect sarnpling fiom June te early September 
1998 in boreal mixedwood forests of northeastem Ontario. 

Of the potential 144 malaise trap samples to be collected during the entire summer, a 

total of 24 ( 17%) malaise trap samples were non-fûnctional (primarily due to bear damage), 

resulting in 120 complete samples. In both June and July, the number of malaise haps damaged 

in the logged stands was two-fold the number damaged in the unlogged stands. 



4) Habitat variables 

Field measurements of a nurnber of habitat variables, including stnictural, substrate and 

vertical profile components were undertaken, which are illustrated in Figure 1.3. A list of 

habitat variables and their codes are in Appendix 1. 

Structurai variables 

Structural and compositional data were obtained through measurements of tree, saplings 

and shrubs along each transect. Tree and sapling data were collected using the point quadrant 

method. This method involved identifying the nearest tree and sapling within each of four 

quadrants around a central point (Cottam and Curtis 1956). Trees were defined as being 26cm 

diarneter at breast height (dbh) and saplings as < 6cm but r lcm dbh. Trees and saplings were 

ibentified at each of the 2 1 stations along the transect, and species, dbh, and distance fiorn the 

point were recorded. Points were offset 5 m perpendicular to the transect, alternating sides at 

every other station. Thus, a total of 84 trees and saplings were measured per transect. 

Tree and sapling density was calculated by using the point-to-plant distance values from 

the point-quadrant measurements. The mean point-to-plant distance in metres was calculated for 

each transect, and then tree or sapling density were calculated by the equation: 

- 
where d represents mean distance in metres and density is number of individuals per hectare 

(Brower er al. 1989). 



O Malaise trap Area in which snags were surveyed. ..................... 

Represents four 5-m lines along which substrate 
1 15-m stations + measurements were taken. Only 

two are drawn for explanatory purposes. 

Figure 1.3-Schematic diagram of insect and habitat sampling along each 300-m transect. Most habitat 
measurements occurred at each 1 5-m station, with the exception of canopy measurements, which were 
taken every 2.5-m. Snags were recorded aloiig the total length of the transect. Malaise traps were located 
at 75-m and 225-m. See text for details. Note: Diagram is not to scale. 
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If tree or sampling data were missing fkom a particular point, because individuals were 

too far away to be reasonably measured, a distance of 20 m was entered, and an 'unknown' 

species label and missing value for dbh was assigned. A missing value was a rare event, with an 

average of five recordings absent for the tree data on only two transects, and an average of four 

missing sapling values on eight transects, of 84 potential recordings. For enhies with missing 

values, the median dbh of the transect was calculated and substituted for the missing dbh value. 

Tree and sapling basal area was calculated for al1 species combined and also separately 

for the conifer and the deciduous component. Basal area of the entire transect was calculated 

using the equation: 

basal area= n ( ~ ) ~ ( & )  , 

where dbh represents the mean diameter of each treekapling species along a given transect, and 

a represents tree density for each transect (Brower et al. 1989). Total basal area was calculated 

by summing the basal area al1 tree/sarnpling species. To obtain values for the basal area of the 

coniferous and deciduous components, percent basal area covered by coniferous species was 

calculated by dividing the surn of the coniferous basal area by the sum of the coniferous and 

deciduous basal area and multiplying by LOO%, and vice versa to obtain the percent basal area of 

deciduous species. 

Shnib data were recorded at the same stations at which the trees and saplings 

measurements were taken. Al1 shrubs within a 2 m radius with a dbh < lcm were recorded and 

identified to species. Shrub density was calculated for al1 recorded shmbs along each transect by 

dividing the total number of stems by the total area sampled (264 m2). 

Understory vegetation density was measured at each station along the transect, 
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alternating sides, by observing the number of intervals visible on a vertical 2 m pole. The pole 

was divided into 10 intervals, and the number of intervals obscured by foliage provided a score 

of understory vegetation density. The greater the density, the Iower the recorded value, as feweï 

intervals wouId be visible. Values were recorded at 5 m fiom the centre of the transect. This 

variable represented an alternative measure of shmb density, as this measured the vertical 

density of shrubs. The amount of shmb visible 5 m from the transect was converted fiom a 

value of the amount of openness into a percentage, for which a mean tramect value was 

calculated. Therefore, a low percentage indicates dense vegetation on a veitical scale. 

Snags were recorded within 5 m on either side along the entire transect. Distances from 

the transect to the snag were verified using a range finder. Size classes and decay classes were 

recorded for snags, and snags were categorized into one of three size classes (1=6- 15cm, 

2= 15-35cm, 3 r 35cm), while decomposition classes followed Maser et al. (1979). Snag density 

was calculated by surnrning the number of snags and dividing by 0.3 ha. The number of snags 

found within each size c!ass/decomposition class was summed, which resulted in 15 categones. 

To reduce the number of variables, a Principal Components Analysis (PCA) on the square-root 

transfomed values was perfomed. Following this analysis, there was distinct clustenng of 

decomposition classes 1, 2, 3 and 4, 5 within each size class. Therefore, the number of 

categories were reduced by combining the Iow and high decomposition classes within each size 

class, resulting in six classes. 

Canopy variables 

Canopy and vertical profile measurements of the overstory structure were collected along 

each transect. Canopy openness was measured using a convex mirror covered with a grid 
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containing 101 intersections. At each station along the transect, an observer held the mirror at 

breast height in four directions and counted the number of open grid intersections. Canopy 

openness was obtained by averaging the four measured values for each station and along each 

transect. This value was converted to a percentage by multiplying by 101/100, so chat a high 

canopy openness value indicated an open overstov canopy. 

The vertical profile of the stand was deterrnined by dividing the forest vertically into 

intervals, and estimating the amount of foliage within each interval (Malcolm 1995). Seven 

height intervals were used (2.5-5, 5- 10, 10- 15, 15-20,20-25,25-30,30035 m), and amount of 

fol iage was recorded according to percent density (0=0- 1 O%, 1 = 10-50%, 2=50-75%, 

3=75- 100%). Values of foliage "thickness" were obtained by multiplying the number of metres 

in an interval by the mean percentage corresponding to the score (see Malcolm 1995). For 

example, a score of 1 (1040%) within the first height interval (2.5-5 m) would be recorded as 

0.30 x 2.5 = 0.75. This was repeated for each interval. From these data, four sets of canopy 

measurements were derived: 1) foliage thickness, 2) variance in foliage thickness, 3) 

semivariance of foliage thickness and 4) foliage height diversity. Foliage thickness represented 

the mean percent of each foliage interval (calculated above) multiplied by the range of heights in 

the interval (Malcolm 1995). The intervals near the top of the canopy (interval 5 through 7) 

contained zero scores for about half the transects, and the relationship between interval 4 and the 

sum of 5 to 7 was positive, hence thickness scores for intervals 4-7 (15-35 m) were summed. A 

Principal Components Analysis (PCA) did not reveal a correlation between foliage thickness in 

each of these resulting four intervals, leaving each thickness variable to be treated separately. 

Variance represented the variance of foliage thickness within each height interval. In this case, 

the mean foliage thickness and variance were correlated, so the effect of mean foliage ttiickness 

on the variance was removed by using a linear regression. Semivariance dealt with the relative 
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difference between the present measured value and the previous measurement and it therefore 

served as a measurement of texture (Jongman et al. 1995). It was calculated with the equation: 

' l IFT at station i - (FT at station i - 1)] 
2 

semivariance= C 2(n - 1) 
i=2 

Semivariance was correlated with both the mean foliage thickness and the variance corrected for 

the mean (residual variance), hence for each height interval, a multiple regression of 

semivariance on the mean foliage thickness and residual of the variance was used. Foliage 

height diversity is a measure of the stratification and evenness in the vertical distribution of 

vegetation (Krebs 1994) and was expressed via the Shannon-Wiener diversity index: 

where pi is the mean foliage thickness in interval i divided by the sum of total foliage thickness 

of a11 intervals combined (e-g. Karr and Roth 197 1). 

Substrate variables 

Substrate data included downed logs, fine woody debris (woody material < 6 cm 

diameter), stumps, moss, lichen, needle litter, broad-leaf litter, minera1 soil, and bedroc k. 

Substrate measurements were taken at every station, centred at a point that was offset from the 

transect by 5-metres and alternating sides between stations. A 5-rn line was placed 
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perpendicular tc the transect, and substrate situated below each IO-cm interval was recorded. 

This procedure was repeated four times in total, two times perpendicular to the transect, and 

twice parallel to the transect, for a total of 20 m per station (see Figure 1.3). Logs were recorded 

in the same marner as the other substrate variables, though they were also classified into 

decomposition classes based on Maser et al. (1979). Needle litter, broad-leaf litter, bedrock, 

moss, lichen and fine woody debris values were determined by surnming the amount of each 

variable at each station, and then calculating a mean value for each transect. The mean percent 

cover of mossy sturnps was calculated fiom the percent cover values at each station. The 

cumulative percent cover of Logs and mossy logs for each decomposition class (one to five) at 

each station was summed for each transect, producing log variables. Logs of decomposition 

class two and three, and mossy logs of decomposition class one and two were combined, as they 

were very uncornmon. 

Environmental variables 

Daily precipitation and mean temperature were obtained from Environment Canada. 

Data for each transect were taken fiom the closest weather stations (Sudbury weather station for 

stands near Gogama, Timmins for stands nearby this city, Chapleau for stands near Hornepayne, 

and Kapuskasing for the remaining stands). Mean precipitation and temperature were averaged 

for each transect over the course of the summer, but only at the times during which traps were 

operating. 



Insect analysis 

Preliminary sorting of the malaise trap sarnples revealed a large number of Hymenoptera 

and Diptera, which are known to be common in the boreal forests (Danks and Foottit 1989). 

Taxa within these orders were included in the study provided that they exhibited a high 

abundance relative to other taxa in the samples, were relatively easily identified, and contributed 

ta overall trophic diversity (Le. taxa representing a wide range of feeding andor habitat 

requirements, at the larval and adult stage). These were identified with the aid of McAlpine 

(1 98 I), using a Zeiss microscope, 40X power. Hymenoptera c 4 mm were omitted as were 

Diptera < 2 mm (mostly Phoridae). Using these criteria, 15 families, one suborder (Syrnphyta), 

and hvo superfamilies (Ichneumonoidea and Mycetophiloidea, excluding Cecidomyiidae) were 

selected (Table 1.2). It was more convenient to group Mycetophilidae and Sciandae as 

Mycetophiloidea because they perform similar functional roles and were very abundant. 

ichneumonidae and Braconidae, comprising the superfamily Ichneumonoidea, were treated as 

one group in the analysis for similar reasons. Numbers of the selected taxa were recorded for 

each malaise trap. 

Taxa abundances were standardized by calculating the number of individuals captured 

per day. This value was obtained by surnrning the monthly total number of individuals per taxa 

caught on each transect and dividing by the monthly total number of trap days on the transect. 

Abundance for the whole summer for each taxa was calculated fiom the monthly means of each 

monthly sample period for each transect. Total abundance was calculated fiom the mean 

abundance of al1 selected taxa for each monthly sample period, and then by obtaining the mean 

overall abundance over the entire collection penod. Shannon-Wiener diversity indices (H') were 

calculated for each transect. This index provided information on the contribution a taxon made 



Table 1 -2-Selected taxa and their associated feeding guilds at both Iarval and adult stages. 
Taxa Cornmon Name Larvae' Adult' 

Anisopodidae 

Asilidae 

Bibionidae 

Calliphoridae 

Culicidae 

Dolichopodidae 

Empididae 

Ichneumonoidea 

Mycetophilidae and Sciaridae 

Pipunculidae 

Rhagionidae 

Sarcophagidae 

S ymphyta 

Syrphidae 

Vespidae 

Tabanidae 

Tachinidae 

Xylophagidae 

Wood gnat 

Robber fly 

March fly 

Blow fly 

Mosquito 

Long-legged fly 

Dance fly 

Parasitoid wasp 

Fungus gnat, Dark-winged fungus gnat 

Big-headed fly 

Snipe fly 

FIesh fly 

Sawflies 

Hover fly 

Yellowjacket wasps and homets 

Horse and deer flies 

Tachinid fly 

Xylophagid fly 

'Feeding guilds: 1 = blood-feeders, 2=herbivores (including saprophages, feeding on decaying 
organic material), 3=mycophages, 4=nectar/flower feeders, S=predators/carnivores, 6=parasites, 
7=parasitoids, 8=pollinators, 9=woodkap feeders, IO=scavengers (feeding on camion). 
'Feeding guilds are surnmarized fiom McAlpine (1 98 l), Oldroyd (1964), Evenhuis (1989), and 
Stone ( 1965). 
Note: the feedings guilds listed represent the dominant roles of  each taxon, and for taxa that fa11 
into more than one category, the feeding guild used in the analyses are underlined. 



to the overall community, based on its proportional abundance (Magurran 1988). The 

Shannon-Weiner index is one of the most useful and widely used diversity indices in ecology 

(Pielou 1975). The equation is: 

where pi is the proportional abundance of each taxon. As a measure of overall t a o n  nchness, 

the number of the selected taxa represented in each trap was calculated, for which mean values 

were calculated for each rnonthly sample penod and, based on monthly means, over the entire 

summer. 

Multivariate analyses 

Multivanate techniques were used to explore community patterns using CANOCO (ver. 

4.0) (ter Braak 1988). Initially, an unconstrained analysis of the data was performed, to observe 

patterns between taxa and transects independent of any habitat variables. A Detrended 

Correspondence Analysis (DCA) was performed on log-transformed data to ascertain the value 

of the gradient length, which is useful in determining whether the distribution of the taxa follows 

a linear response model (length < 2), or a unimodel response model. The gradient length of 1.2 

suggested that a linear response model was suitable, and that there was little cornmunity 

variation evident in thc insect composition (Kent and Coker 1992). This is not surprising 

considering al1 transects contained a representative of each taxon in the collections. Therefore, a 

principal components analysis (PCA) was perfkrmed on the log-transfomed data, on a 



correlation matrix (non-centred and standardized). A correlation matrix was used to minimize 

the dominating influence of abundant taxa, by standardizing the abundances of each taxa by its 

standard deviation, thus giving equal weight to each taxa (Jongman et al. 1995). Otherwise, the 

analysis would be biased towards taxa with the highest variance, usually the most abundant taxa 

(Kent and Coker 1992). 

Often when exploring patterns among habitat variables, a PCA is performed to extract a 

reduced set of the most influential variables. Hence, prior to performing a constrained analysis, 

a centred and standardized PCA was performed on the habitat variables (e.g. Humphrey et al. 

1999; Jonsson and Jonsell 1999). This also reduced the number of habitat variables so that they 

did not exceed the number of samples (transects), a requirement of a constrained analysis 

(Jongman et al. 1995). Non-normal variables (i.e. those with outliers or skewed distribution) 

were initially rank-transforrned to create a distribution closer to norrnality. Two unconstrained 

ordinations were performed: 1) a PCA on the initial habitat variables and 2) a PCA on habitat 

variables atter partialling out the effects of agc. The second ordination, which excluded the 

influence of age, was performed due to the fact that stand age exerted such a strong influence on 

many variables. The influence of age was removed frorn each variable by performing a 

regression with estimated tree age and then using the residuals as the variables in the ordination. 

Upon Iooking at the relative percentage of variation explained (eigenvalue) by each principal 

component, only the first three components contributed unique information to the overall 

variation in the data, and afier that little more information was added. T'bis was true for both the 

PCA with and without age, and therefore only the first three components were retained for 

further analysis. The habitat variables with the most extreme component scores (> *0.20), which 

therefore exerted the greatest influence along each axes, were recorded and used to interpret the 

main gradient. Additionally, a Spearman's rank correlation coeficient test was performed to 



determine which habitat variables were significantly correlated with each of the axes. 

A Redundancy Analysis (RDA) was performed with both sets of summarized variables 

(Le. including and excluding the influence of age) and the insect abundances to determine if 

variation in the insect data could be explained by the habitat data. This analysis is a canonical 

version of the PCA, which allows the input of both species data and environmental data to select 

the linear combination of environmentai variables that provides the smallest total residual surns 

of squares of the species data (Jongman et al. 1995). In this analysis, the original habitat 

variables were entered passively into the constrained ordination to allow easier interpretation of 

each summary habitat variable. 

Bivariate analyses 

In addition to the multivariate analyses, a randomized block analysis of variance (PROC 

GLM, SAS 7.0) was performed, to test for differences in mean diversity (HI), mean abundance, 

and mean number of taxa between treatments, with ecozone as the blocking factor. Mean 

abundances were rank-transformed to better approximate a normal distribution by removing the 

influence of outlying values. These analyses were also performed with and without Tabanidae, 

as this family clearly dominated the June samples in terms of abundance. A one-way ANOVA 

was perfomed to test for a treatrnent difference in abundance across ecozones, with ecozone as a 

covariate. An analysis of covariance (ANCOVA) was performed to partial out the effects of  age 

from the mean abundances, for both average tree ages and FRi ages, to determine whether a 

treatment effect was evident after removing the influence of stand age. 

Spearman's rank correlations were also performed to examine relationships between the 

abundance of each taxon and habitat variables. Because of the strong association of age with 
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many of the habitat variables, two analyses were undertaken: one with age and the other with age 

partialled out. Only highly significant correlations @ s O .W1) were recorded due to the large 

number of tests for each taxon. 

Differences between abundances within each trophic goup were tested using a one-way 

ANOVA on rank-transfonned abundances (Kruskal-Wallis test). Taxa were categorized 

separately based on their habits at both the larval and adult stages (Table 1.2). Because most 

taxa occupy various trophic groups, the predominant trophic group was used for detennining the 

category to which they belonged. At the larval stage, there was relatively discrete assignment of 

each taxa to a group; however, at the adult stage, overlap was unavoidable. For example, the 

blood-feeding category only applied to the females in two of three families, whereas the males 

were classified as nectar consumers. As a result, these families were considered both blood- and 

nectar-feeders. The feeding habits of Rhagionidae adults are known for only one genus 

(biood-feeders on warm-blooded animals), hence, this family was assigned to the blood-feeding 

group (McAlpine 198 1). 



RESULTS 

Malaise trap samples yielded 75,478 individuals within the 18 taxa of Diptera and 

Hymenoptera selected for this study (Table 1.3). Samples were dominated by Tabanidae 

(compnsing 26% of the individuals), Mycetophi!oidea (25%), Ichneumonoidea (20%) and 

Bibionidae (l8%), and reached highest levels early in the surnmer (except for Mycetophiloidea) 

(Table 1.4). As the surnmer progressed, abundance of most taxa declined, particularly for 

Asilidae, Rhagionidae and Xylophagidae, which were absent fiom the samples during the 

August collection period. Mycetophiloidea and Anisopodidae abundance progressiveIy 

increased throughout the summer. Bibionidae, which were almost entirely absent fiom the July 

samples, appeared again during August, at values much less than what were observed in June 

(Table 1.4). 

Mean abundances of each taxon were strikingl y similar between treatments, with the 

exception of Dolichopodidae, as revealed by the randomized block ANOVA (Figure 1.4j. The 

difference between treatments for Sarcophagidae was due to exceptionally high numbers in two 

post-logged transects (Crawford and Shearer East), and was not evidence of a significant 

treatment effect (F ,,= 1.77, p=0.20). Overall, the mean abundances (F, 3=0.33, p=O.57), rnean 

family richness (F,,<.OOl, p=0.96) and H' (F12,=0. 19, p=0.66) did not differ between 

treatments. Removing Tabanidae abundances did not change the results of these 

tests. 

Mean abundance per day was significantly higher for Dolichopodidae in the unlogged 

stands (F,,2,=5. 12, p=0.038). Within each ecozone, abundances were greater in the unlogged 

forests, although they were also highly variable, particularly in ecozone one and two (Table 1 S). 

Lower abundances of most taxa, including Dolichopodidae, were consistently observed in 
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Tablc 1.3 continucd 
Taxa Ecozonc 1 Ecozone 2 Ecozonc 3 Ecozonc 4 'Total All 

traps 
PL UL PL UL PL UL PL UL PL UI, 

Tabanidae 102 163 29 1 181 7 7 90 70 83 540 517 1057 

Tachinidae 6 1 7 5 8 3 65 34 7 1 92 30 2 70 24 1 51 1 

Xylophagidae 23 23 13 37 6 19 O 28 42 1 07 149 

Total numbcrs 5734 8273 8235 6599 1291 1 12238 9640 11848 36520 38958 75478 

# of trap nights 105 153 135 126 153 162 99 144 492 585 1077 



Table 1 A-Mean abundance per day in pst-logged (PL) and 
unlogged (UL) transects for each taxon withïn each sarnple period. 
Taxa Sample PL m., Total 

Asilidae 

Bibionidae 

Calliphoridae 

Culicidae 

Dolichopodidae 1 

Ernpididae 



Table 1.4 continued - 
Taxa Sample PL UL Total 

period' 
Ichneumonoidea 1 18.2214.75 2 1.4524.77 20.0013.3 1 

Mycetophiloiaea 1 3.581 -68 1 0.84r4.47 7.5822.56 

Pipunculidae 

Rhagionidae 

Sarcophagidae 1 2 . 5 2 ~  1.79 0.07î -02 1.171.83 

2 1 -3 1 r .74 0.22 r .O8 0.71 1.35 

Syrphidae 



Table 1.4 continued 
Tana Sample PL UL Total 

period' 

Tabanidae 1 41.221 17.08 

Tachinidae 

Vespidae 

Xy Iophagidae 1 

Total abundance 1 

Mean family 

'Sample periods 1 to 3 represent the time periods throughout the summer of 1998 during 
which trapping occurred: l=June 4 to July 3; 2=July 5-August 2; 3=August 5-September 1 .  



II post-logged 

O unlogged 

Total Bib Myc Tab Ich Syr Sym Tach Emp Pip Vesp Doli Rhag Cul Sarc Anis Xylo Call 

Taxa 

Figure 1 A-Comparison of mean abundance per day for each taxon and total mean abundance of selected taxa 
collected from each post-logged and unlogged transect in boreal mixedwood forests during the summer of 1998. 
Taxa codes are: Bib=Bibionidae, Myc=Mycetophiloidea, Tab=Tabanidae, Ich=lchneumonoidea, Syr=Syrphidae, 
Sym=Symphyta, Tach=Tachinidae, Emp=Empididae, Pip=Pipunculidae. Vesp=Vespldae, Doli=Dolichopodidae, 
Rhag=Rhagionidae, Cul=Culicidae, Sarc=Sarcophagidae, Anis=Anisopodidae, Xylo=Xylophagidae, g 





Table 1.5 continucd 
TGXG Ecozonc I Ecozonc 2 Ecozonc 3 Ecozonc 4 Logging Ecozonc 

cffcci' cffcct' - -. - . .- . - - -- -. . -. . . . 

F valuc F VGIUC 
- n-e!uc _ . o:eluc- 

1.50 5.19 
0.24 0.03 + 

0.38 17.36 
0.55 0.0004+ 
0.00 6.39 
0.96 0,02+ 
O. I O  13.39 

P -. -. -- 
Xylophagidac 0.291.13 

Total abundancc 47.5 i 14.2 

Mcan # fnmilies IL4 I .82 

Mcan H' 1.41.12 
0.76 0.0012+ 

'~iffcrences in taxon abundances bctween treatmcnts were tcstcd via a two-way randomized block ANOVA on rank-transfomicd abundances o f  cach taxon, with ecozone 
as the blocking factor. Ecozone effects were tested by a one-way ANOVA, with ecozone as a covariatç. Significant interactions from the one-way ANOVA bctwcen 
treatment and ecozone are listed. 
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ecozone 4. Although a nurnber of these traps were damaged by wildlife, especially during June 

when the abundance of many taxa were highest, abundances were standardized for effort, and 

therefore this fact was not an influencing factor. 

To determine whether the observed treatment effects were due to differences in 

disturbance history and not age differences, an analysis of covariance (ANCOVA) was 

performed. There was no significant slope effect in the ANCOVA, however, making it difficult 

to isolate age and treatment effects independently. The graphical relationship of Dolichopodidae 

abundance and age does indicate that five unlogged transects harboured a distinctly greater 

Dolichopodidae abundance compared to other transects (Figure 1.5) 

The results of the PCA on the correlation matrix emphasized transects that contained 

relatively higher insect abundances of many taxa, particularly two post-logged stands in ecozone 

2, which were important drivers along the first axis of the ordination (Figure 1.6). One 

post-logged transect of ecozone four was removed as an outlier prior to the analysis, as it was 

located at one far extreme of the ordination, due to its considerably lower numbers of many taxa. 

Along the first axis most taxa loadeà positively, explaining 20.1% of the variation, indicating 

that these few transects contained a relatively higher abundance of many of the taxa, particularly 

Symphyta, Syrphidae, Tachinidae and Calliphoridae. Thus, the first axis was prïmarily an 

abundance axis, as reflected in the fact that scores from PCI correlated highly with the 

abundances of many of the abundant taxa (Syrnphyta: rs=.6 1, p=.002; Tachinidae: rs=.74, 

pc.000 1; Syrphidae: rs=.66, p=.0005). This is an artifact of PCA, which emphasizes the 

abundant taxa, even though the insect abundances were log-transformed (Jongman et al. 1995). 

The second axis, which explained 17.3% of the variance, appeared to represent a iatitudinal 

gradient, where the majority of northern transects (ecozone 3 and 4) were located in the bottom 

half of the ordination, though this was not an entirely clear division. Bibionidae and 
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Figure 1 -5-Mean abundance per day of Dolichopodidae in relation to (a) the stand ages listed in 
the Forest Resource Inventory @RI) maps and (b) the average estimated age of trees in 
post-logged and unlogged boreal mixedwood stands. 
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Rhagionidae appeared to be more abundant in the northern transects, whereas Vespidae, 

Mycetophiloidea, Culicidae and Anisopodidae exhibited higher abundances in the southern sites. 

However, there was no division of post-logged and unlogged transects in either ais ,  indicating 

that the treatment exerted little overall influence in explaining patterns in the insect data. Taxa 

within similar guilds did not cluster together, indicating that at a functional level, similar taxa 

were not responding in a like manner to either logging effects or to certain habitat 

characteristics. 

Habitat associations 

Habitat correlations of the taxa with the initial habitat variables did not reveal many 

highly signi ficant correlations ( p  s 0.00 1) (Table 1.6). Ichneumonoidea abundance was 

significantly correlated with increased semivariance in the third height interval (10-15 m) 

(r,=0.67, p=0.0004) as was Vespidae with the variance in the lower canopy f5-10 mj (r,=-0.64, 

p=.0008). These data were best treated using community-level multivanate techniques, due to 

the very high numbers of variables in the analyses. 

Table 1.6-Speannan's rank correlations between insect taxa and habitat variables. Only 
highly significant correlations @ 5 0.00 1) are listed. 

-- -- 

Taxa 
- 

Habitat variable S~earman's correlation 
Ichneumonidae Semivanance, 10- 1 Sm rs=0.645, p<O.OO 1 

- - 

Mycetophilidae Precipitation r,=-0.67 1, p<O.OO 1 
Vespidae Variance, 5- 1 0m r,=-0.62 1, p=O.OO 1 

The reduction of habitat variables using the PCA summarized 46 variables into three 

principal components (Table 1.7a and b). To additionally ascertain which habitat variables were 



important for explaining the gradients in the principal components, a Spearman's rank 

correlation was performed for each variable on each of the first three axes (Table 1.8). Factor 

loadings were used to interpret the gradients represented by each principal component, for both 

ordinations including and excluding the influence of age. The first three principal components 

were used as sumrnary habitat variables, as they explained a relatively high amount of the 

variance in the data, and subsequent axes did not contribute much more information. From the 

initial PCA (age included), the f m t  axis which explained 8.2% of the variation in the habitat data 

represented an age gradient, as both estimated ages (PCI: rs=.65, p=.0006) and FRi ages (PCI: 

rs=.60, p=.002) were correlated with this axis. In addition, a number of habitat variables that 

were positively correlated with age were also positively correlated with this mis, including basal 

area of saplings, needle litter, high arnounts of foliage in the upper canopy and recently fallen 

logs (Table 1.8 and 1.9). The second axis (6.3% of the variance) represented a partial age 

gradient, in combination with a structural gradient, as tree density and small, recently dead snags 

exhibited a negative relationship with the axis, whereas sapling and shmb density as well as 

canopy openness and moderately sized, highly decomposed snags were positively related to the 

axis. The second compooent was also significantly correlated with estimate age (PCII: rs=.47, 

p=.02) but not with the FRI ages (PCII: rs=.36, p=.09). The third component (5.2% of the 

variance) was best described a conifer gradient, with moss and high tree/sapling basal area 

negatively correlated with high broad-leaf content, though temperature (negatively loaded) and 

precipitation (positively loaded) were also important factors (See Table 1.7a). 

The PCA on the habitat variable residuals (age effect removed) revealed less discernible 

gradients along each axis, and interpretation of these principal components was more difficult. 

In this case, the first axis (7.8%) represented a structural gradient, along which snag density and 

understory vegetation openness were positively loaded, and were both negatively related to 



Table 1 -7a-Summary results from Principal Components Analysis (PCA) on the 46 
habitat variables. with habitat variables and their cornPonent scores listed. 

PCI PCII PCLII 
"-4ge" gradient "Age/structure" gradient "% conifer" gradient 

Variable PCA score1 Variable PCA score1 Variable PCA score' 

FT4 

Log 1 

Vegden 

Estage 

NL 

Sapba 

FT 1 

F m  

Mlog 123 

Shrubden 

Canopen 

Snag245 

Sapden 

FT3 

Snagll3 

Treeden 

.280507 Moss .37711 

-272 162 %treecon .283892 

-226996 Precip -249049 

.2 1689 %sapcon -205352 

.202320 Temp -.223502 

-.2 13442 BL -.406583 

-.242867 

-.27663 8 

Table 1.7b-Surnrnary results fiom PCA of the 46 habitat variables after partialhg out the 
variance due to age. 

PCI PCII PCIII 
"Structural" gradient "Canopy openness" gradient "% conifer" gradient 
Variable PCA score1 Variable PCA score1 Variable PCA score' 

Vegden -276634 Moss .3 1 1 089 FT2 .334064 

Snag 145 .252953 Log 1 .263247 %treecon .332107 

Snagden .224567 Precip .2603 1 1 NL .296848 

FHD -.2 17658 Canopen -23988 %sapcon .2659I 1 

Sapba - .244724 Temp -.223478 FHD -250 157 

Sapden -.25080 1 Bi. 9.307857 BL -.256369 

Mlog 123 -.25276 Shrubden -.35 1 1 16 

I PCA scores greater than 0.20 (positively and negatively) are iisted. Habitat codes are 
listed in Appendix 1. 



Table 1 -8-Habitat variables and their Spearman's rank correlation coefficients with scores 
of the first three axes of a PCA performed on a) the original variables and b) the residual 
variables afier age was partialled out. 

Habitat variable1 a) PCI b) PCI no age 

Sapden rs=.59; p.002 rs=.59; p=.002 

sapba rs=.69; p.0002 r,=-58; y.003 

Log 1 rs=.77; p=<.OOO 1 

FHD r,=.84; p=<.OOO 1 rs=.59; p.002 

vegden rs=.63; r . 0 0  1 rs=.74; p=<.OOû f 

Snag 145 rs=.65; p--0006 rs=.70; p=.000 1 

Snagden rs=.59; p=.002 rs=.68; p=.0003 

Estage rs=.65; p=.0006 - 

Habitat variable PCII PCII no age 

Trczden rs=.79; p=<.OOO 1 - 

S hrubden rs=.67; p=.0003 - 

precip - rs=.6 1 ; p=.W 1 

Snag 1 13 r,=--65; y.0006 - 

Habitat variable PCIII PCIII no age 

Shrubden - rs=-.67; p=.0003 

I Codes for habitat variables are listed in Appendix 1.  



Table I -9-Correlation coefficients and significant values fiom Spearman's rank correlation of 
habitat variables with both estimateci average stand ages based on tree core increments, and ages 
based on FRI data. - 
Habitat Variable Estimated average stand age FR1 age 

Tree density -.673 .O003 * -0.485 0.0 188 

Recently fdlen logs -499 .O13 1 0.686 0.0003* 

ModenteIy decomposeci logs .617 .0006* 0.657 0.0007* 

Foliage thickness. upper canopy .699 .O00 1 * 0.796 <.O00 1 * 

Foliage height diversity -0.600 .O02 -0.673 0.0001* 

*Significant values are p 5 0.00 1. 
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sapling density and basal area, as well as foliage height diversity. The second axis (5.9%) 

represented a combination of high canopy openness and moss content, with other important 

factors, including high amounts of logs of early decay classes and high precipitation. The third 

axis (4.7%) revealed a clear gradient from high conifer to high deciduous content, with high 

amounts of needle litter, and high percentage of coniferous trees and saplings positively 

associated with this axis (See Table 1 -7b). Not surprisingly, the most influential variables along 

each component (scores > * 0.20) were often highly correlated with the axes (See Table 1.8). 

A constrained ordination, which included the effect of age, revealed that the "age" 

gradient explained much of the variance in first axis (8.8%), along which Dolichopodidae and 

Bibionidae had the highest positive loadings (Figure 1.7). Furthermore, Dolichopodidae was 

positively correlated with the "age" gradient, though this was marginally significant (rs=.40, 

p=0.054) (Figure 1 A). The "age" gradient was further evident as mi're of the unlogged transects 

were located in the positive direction of the age vector (Figure 1.7). The "percent conifer" 

gradient revealed a high deciduous component in some of the transects in the southern part of the 

study area, in which Mycetophiloidea, Rhagionidae and Culicidae were more commonly found. 

This relationship with Mycetophiloidea is fbrther supported by the significant negative 

correlation between the increased percent conifer, represented by the vector, and 

Mycetophiloidea abundance (r7.48, p=0.02). The "age/structure" vector had relatively less 

importance in explaining the patterns in the insect taxa. AIthough both theUage" and "percent 

conifer" vectors may have been explaining much of the variation along the first RDA axis, there 

was also a fairly clear latitudinal gradient fiom soüthem to northem transects along this axis. In 

this case, transects in ecozone 1 and 2 were located in the negative direction of the first mis, 

while transects of ecozone 3 and 4 were predominantly located in the positive direction. One 

possibiiity for this patten may be that some of the northern transects contained a higher 
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Figure 1.7-Redundancy analysis (RDA) of insect abundances constrained by the three surnmary 
habitat variables, with the most influential (component scores > +1- .20) of the original habitat 
variables entered passively into the ordination. Nurnbers 1-4 represent the ecozone in which 
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Figure 1 .SMean abundance per day of Dolichopodidae in relation to the principal component 
scores of the first PCA axis based on 46 original habitat variables. 



composition of coniferous trees and saplings. 

After removing the association between age and the habitat variables, the first axis of the 

RDA maintained the gradient of southem to northem transects (Figure 1.9). Both the 

"structural" and "canopy opemess" gradient were strongly associated with the first axis. This 

suggested that a more open canopy, increased moss content, relatively higher amounts of logs in 

early decay classes, in addition to low sapling density and low broad-leaf litter content were 

influencing the patterns in the insect taxa. The unique clustering of Mycetophiloidea, 

Rhagionidae and Culicidae was due to this gradient, implying that these taxa were associated 

wi th areas of high broad-leaf litter content, independent of stand age. The correlation between 

Dolichopodidae abundance and the sumrnary habitat variables was weak after partialling out the 

effect of age (PCI: rs=.073, p.73; PCII: rs=.303; p=. 15; PCIII: rs=.068, p=.75). However, 

Dolichopodidae was positively associated with both the "structure" and "canopy opemess" 

variables, which represented in part, a gradient from high amounts of broad-leaf litter towards a 

high amount of moss, in hddition to other important features, such as recently fallen iogs and 

canopy openness. It appeared that Dolichopodidae was associated with age of the stands, though 

once age was removed from these variables, certain variables became less important for the 

dolichopodids, such as the amount of foliage in the upper canopy, whereas high amounts of 

recently decomposed logs maintained their importance. Additionally, climate variables may be 

an influencing factor, as higher mean precipitation was strongly associated with the "canopy 

openness" variable and increased dolichopodid abundance, although temperature negatively 

associated with these measurements. Bibionidae was strongly associated with the first RDA 

axis, suggesting that a positive relationship between this family and the amount of openness may 

exist. The increased abundance of Bibionidae towards the north, harbounng some transects 

containing greater conifer content, may best explain why this pattern was observed. 
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codes are listed in Figure 2.4. Habitat codes are listed in Appendix 1. 
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A number of habitat variables were significantly correlated with age, both fiom the tree 

cclre estimations, and FR1 data, and therefore any association of age and insect taxa was likely 

due to one or more of these factors (Table 1.9). A number of these variables, particularly tree 

density (negatively correlated), recently fallen logs, the amount of foliage in the upper canopy 

(both positively correlated) and logging history, in turn, were correlated with Dolichopodidae 

abundance. However, afier the effect of age was partialled out fiom the habitat variables, few 

variables exhibited highly significant correlations with the abundances of any of the taxa, 

including Dolichopodidae, for which no significant relationships were observed without age. 

Ecozone 

Differences in abundance arnong the ecozones were apparent on the rank-transformed 

values for Bibionidae (F,,,=24.4 p<0.0001), Tachinidae (Fl,=4.94 p-0.04) and Culicidae 

(F12,=5.0, p=.04), due to increased abundances towards the north for Bibionidae and a 

significantly higher abundance in ecozone one and two compared to the more northern sites for 

the remaining two taxa. A significant ecozone effect was evident for Xylophagidae (F,,=S. 19, 

p=0.03), although abundances only slightly decreased towards north. Mean abundance per day 

of al1 taxa combined (Fl,=17.36, p=0.0004) and mean number of taxa (F1,=6.39, p=0.02) 

revealed a significant ecozone effect, as there was an increase in abundance towards the north, 

with a concomitant decrease in the mean number of families in the north. Shannon-Weiner 

diversity (FI2,=1 3.39, p=O.OO 1) also showed evidence of declining diversity with increasing 

ccozone (from the south to north). An interaction between treatment and ecozone was evident in 

the Symphyta (Fl,=12.28, p=0.0002), due te a change fiom increased abundance in the 

post-logged transects in ecozones 1 to 3, to an increased abundance in the unlogged transects in 



ecozone 4. This resulted fiom the low nurnbers of Symphyta evident in the post-logged stands 

within this northernmost ecozone. 

Once Tabanidae was removed fiom the analysis, there was evidence of trend of increased 

abundance of al1 taxa combined as the sampling occurs towards the north in the post-logged 

stands (F,,,=l.64, p=.25). Within the unlogged stands, virtually no change in abundance was 

evident along the south to north gradient (F,,,=O. 17, p=0.9 1). 

Trophic analysis 

Trophic analyses based on the larval stages were not significantly different between 

treatments (Table 1.10). A significant ecozone effect on the abundances of phytophagous taxa at 

the larval stage was present due to low numbers in ecozone one, and then a fairly constant, but 

higher value throughout the remaining ecozones. At the adult stage, where taxa were divided 

into a greater number of trophic groups, the high abundances of certain trophic groups (Le. 

mycophages, blood-feeders) strongly reflected the dominant taxa in the samples (i.e 

Mycetophiloidea, Tabanidae). Pollinators (Bibionidae, Syrphidae, Vespidae) demonstrated a 

significant ecozone effect (F=7.08 p=.01) due to increased abundances towards the north, a 

result which was rnost iikely dxiven by Bibionidae. 



Table 1.10-Mean abundances of Iiiglicr taxa grouped by Jarval and adult trophic groups witliiii each ecozorie and treatment. Tests for diffcrences 
between treatments and ecozoncs arc listed with significantp-values indicütcd with an asterisk. 
~ r o ~ h i c '  Ecozonc I Ecozonc 2 Ecozonc 3 Ecozonc 4 Total Logging Ecozonc 

-iF!'I?? - -- - - -- - - - - - - - - . - - - A - - - - - - - - - - - - - - - - - - - - - - - . - - cffcci2 cf fcd  - - - - - - - - - - - - - - . - - -- - - 
Larval PL UL PL UL PL UL PL UL PL ÜL F, p F, p 

Parasitcs 12.5i3.3 15.7i2.7 21.4î3.7 14.7î4.2 16.5î4.5 12,412.0 1 I.Oî4.4 16.712.2 15.4i2.1 14.91 1.3 0.03 0.86 0.15 0.71 

Phytophagous 0.2i.1 0.2i.0 2.3i.9 0.3î.2 2.0t 1.8 O,li,l 0.11.1 0.11.0 1.21.5 0.21.1 0.37 0.55 7.49 O.OIo 

Prcdators 13.6î3.5 27.2i2.7 16.114.4 12.8î 1.9 15.723.1 16.7î4.5 22.9î8.6 10.41.7 17.1î2.5 16.822.3 0.21 0.66 3.12 0.09 

Scnvcngcrs 1.41.5 1.1i .1  4.1i1.5 14.0î9.5 24.1 t9.3 16.019.8 48.7136.4 23.118.1 19.6î9.9 13.614.2 3.55 0.09 0.05 0.82 

Adult PL UL PL UL PL UL PL UL PL UL F, P F, P 

Blood-fccding 16119.2 7.7i1.7 12.313.3 10.6î4.4 23.015.1 26.8î12.5 16.7116.5 31.8i6.3 17.014.4 19.3i4.4 0.14 0.72 3.69 0.07 

Mycophagous 13.613.5 27.2î2.7 16.1i4.4 12.811.9 5 . 7 1 3  16.714.5 22.998.6 10.4î.6 17.1î2.5 16.812.3 0.01 0.93 0.49 0.49 

fccding 

Parasites 1 1.713.1 14.6î2.7 19.2i3.5 13.224.1 16.114.3 1 1.9t2.3 10.3î4.2 16.1i2.3 14.3i 1.9 13.92 1.4 0.02 0.88 0.03 0.85 

Phytophagous 1.1i.5 0.81.2 3.0i1.2 0.91.2 1.61.5 0.41.0 0 . 3 ~ ~ 2  1.7i.3 1.51.4 0.9i.2 2.29 0.15 0,09 0.77 

Prcdators 1.11.2 1.51.5 2.21.4 1.5î.4 l.2t.3 1.61.1 0.41.1 2.41 1.2 1.22.2 1.7î.3 2.05 0.17 0.01 0.91 

Scavcngcrs O l î l  O.Ot.0 0.21.1 0,l î . l  0.010 O. 11.0 O . I t , O  0,Oî.O O.Ii.0 0.1î.0 0.84 0.37 2.56 0.12 

' ~ h c  higher-level taxa assigned to each trophic group arc listed in Tablc 1.2. Parasites includes both parasites and parasitoids. 
 iffe fer en ces bctween trcatments were tested via a two-way randomized block ANOVA with ccozone as the blocking factor. 
Di fferences across ecozoncs wcre testcd with a one-way ANOVA with ccozone as a covariate. 



DISCUSSION 

Several of the selected taxa constituted a large percentage of the highly-mobile insect 

fauna of the boreal mixedwood forests. These taxa included the well-known inhabitants of the 

northem forests, such as Tabanidae (Danks and Foottit i 989), in addition to Mycetophiloidea 

(fungus gnats), Bibionidae (march flies), and Ichneumonoidea (parasitoid wasps). The high 

nurnbers of Mycetophiloidea is in agreement with Okland (1994), who found that this taxon 

constituted a large proportion of the insects collected with malaise traps in the boreal region in 

Scandinavia. However, because insects were sweyed with Malaise traps, the sarnple reflects 

the more vagile insects. Moreover, other highly abundant taxa typical of the boreal region were 

collected but represented dipteran groups of greater taxonomic dificulty, such as Muscidae, and 

were therefore not considered in this study. 

The majority of boreal species are univoltine (one generatiodyear), 3 cornmon survival 

tactic in regions of shon growing seasons and long, coid winters (Danks and Foottit 1989). 

Univoltism becomes increasingly comrnon towards the north; however, because this study was 

located just north of the transition fiom the Great Lakes-St. Lawrence zone to the boreal 

mixedwood forests, bi- or multi-voltinism were also possible. Bivoltinism may have been 

observed with Bibionidae, whose resurgence near the end of the summer was somewhat 

surprising, as they are known as being almost exclusively spring insects (McAlpine 198 1). This 

subsequent appearance suggests that some species experienced a second emergence in the late 

summer, and then overwintered as adults, while the majority may have overwintered at some 

juvenile stage, usual!y as mature larvae (McAlpine 198 1 ). 

Most insect taxa decline in numbers over the course of the s u m e r ,  as observed in this 

study, as environmental changes, including temperature and photoperiod, cue insects to prepare 



for diapause (Gullan and Cranston 1994; Danks and Foottit 1989). interestingly, 

Mycetophiloidea and Anisopodidae increased in abundance throughout the surnmer. 

Mycetophiloidea are dependent on rotting wood, feeding on iùngi that infest the wood, which 

may accumulate over the course of the summer, providing increased habitat for some species 

(Oldroyd 1964). Similarly, Anisopodidae are associated with rotting wood and decaying 

vegetation, resources that may be more abundant towards the end of the summer (Oldroyd 

1964). 

The majority of taxa did not exhibit responses (negative or positive) to clear-cutting 

activities. Superficially, this may suggest that these taxa are not affected by logging activities. 

However, without observing species-level differences, it would be premature to conclude that 

insect groups are not vulnerable to the impacts of logging. Lack of differences at 

higher-taxonornic levels does not preclude the possibility that changes may be present at the 

species level (as demonstrated in Chapters Two and Three). Although it has been s h o w  that 

higher-taxa analyses can provide a surrogate measure for lower taxonomie analyses (Wi!liarns 

and Gaston 1994), it is also common that individual species respond to disturbances in diverse 

ways. This is clearly evident fiom studies invotving Carabidae, which as a whole did not 

exhibit strong overall patterns in either direction-favouring post-logged or unlogged forest, but 

where a small proportion of species were dependent on unlogged forests (Niemela et al. 1993a). 

Moreover, most higher-taxa studies looked at the diversity of al1 farnilies or genera in relation 

to species-level diversity. Because not al1 higher-taxa were recorded and counted in this study, 

higher-taxa diversity may not necessarily be indicative of diversity at the species-level. 

Interestingly, one taxon that was not impacted by logging was the Mycetophiloidea, 

which have been found to be vulnerable to clear-cutting in the boreal forests of Norway and 

Finland (Okland 1994). This group has been shown to be strongly impacted by the amount of 
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'old-growth' forest in the surrounding landscape and the amount and diversity of downed wood 

in the stand (Okland 1996). Changes in species richness and diversity may be evident in this 

taxon, but were not exarnined here. 

It was not surprishg that overall diversity and richness did not differ between treatments 

as most taxa were represented in al1 sarnples. This is expected in higher-taxonornic analyses, in 

which diversity measures may not be very informative (Magurran 1988). Removal of 

Tabanidae from the analysis did not change these results, suggesting that even the hi& 

abundances of this group did not mask underlying effects. 

The significant increase of Dolichopodidae abundance in the unlogged stands was at 

Ieast in part due to its association with certain features of older forests. This was weakly 

apparent in the constrained ordination, where the first component was highly correlated with 

age and correlated with Dolichopodidae @=O.OS). Principal components, from which the 

influence of age had been removed, also appeared to explain some of the variance in the 

dolichopodici abundance. Both the "stmcture" component (representing increased snag density, 

more open understory vegetation and decreased basal area and density of saplings) and the 

"canopy opemess" component (representing increased canopy openness and moss with 

decreased amounts of  broad-leafed litter) may explain other important habitat features for this 

family in addition to the variables highly associated with age, which included higher amounts of 

foliage in the upper canopy and abundance of logs of early decay classes. 

Although species-specific information for Nearctic dolichopodids is largely absent, a 

number of studies in Europe have investigated the ecology of this farnily. Many of these 

studies have demonstrated an afinity of dolichopodids for darker, moist, closed canopy stands 

(Pollet et al. 1989; Williston 1896) and positively correlated with aeriaI humidity and 

vegetation height (Pollet and Grootaert 1996). In fact, woodland areas with increased humidity 



and moisture had the greatest diversity and abundance of dolichopodids in Belgium, where a 

number of studies involving dolichopodid ecology have been conducted (Pollet and Grootaert 

1987, 1996). In this study, the higher amounts of foliage in the upper canopy, but greater 

canopy understory vegetation openness appeared to be the preferred habitat for Dolichopodidae. 

However, transects with higher mean precipitation appeared to be favoured by the 

Dolichopodidae, an environmental feature that may have increased the humidity and moisture 

in the forest. 

Other habitat features such as the number of trees in a stand may be an important factor 

for Dolichopodidae, as Sciapus, Neurogona and Medetera are found in close proximity to tree 

tmnks (Pollet and Grootaert 1987; Meuffels et al. 1989). Although a number of these genera 

are associated with trees, increased abundance was not correlated with number of trees; in fact, 

tree density decreased with forest age, whereas Dolichopodidae abundance increased with age. 

Tree diameter did not influence dolichopodid abundance, as tree basal area, which was a 

measure of tree diameter in relation to the overall density, did not emerge as an influential 

variable in the habitat ordinations or independently with this farnily. 

In addition to environmental influences, other factors are associated with 

Dolichopodidae abundance, including prey or food supply (Pollet and Grootaert 199 1). The 

association with logs of early decay classes suggests the potential for bottom-up ecological 

control, due to predator-prey interactions. If dolichopodid prey were more abundant in the 

unlogged stands, where there was a greater abundance of undecomposed downed wood, this 

may have influenced the number of Dolichopodidae in the stand. A number of dolichopodid 

species, particularly those belonging to the genus Medetera, are some of the dominant natural 

predators of bark beetles (Coleoptera: Scolytidae) (Coulibaly 1993; Nicolai 1995; H m o n  et al. 

1986) and are therefore important biological control agents. Several bark beetles are associated 
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with damaged or dead wood and are important and oflen destructive insects of the boreal forest 

(Dippel et ai. 1997; Weslien and Schroeder 1999). These pioneer species are important in 

initiating the breakdown of organic matter of tree trunks (i~icolai 1997). Scolytid larvae inhabit 

the phloem and are prey for several Medefera spp., which live under wood as larvae (Williston 

1896). Increased number of logs in early decay classes in the unlogged forests could potentially 

result in increased numbers of Scolytidae, providing an increased food source for the 

dolichopodids. Moreover, based on the rnultivariate analyses, dolichopodids appear to be found 

in stands of increased conifer content, which fiuther supports this idea as conifer wood are the 

pre ferred substrate for bark beetles (Nicolai 1 997). 

Without fûrther taxonomie investigation, these hypotheses remain speculative. 

However, this idea addresses an interesting issue; namely that taxa which occupy higher trophic 

levels may be more sensitive to forestry operations than taxa at lower trophic levels. This idea 

is supported by Weslien and Schroeder (l999), who caught predator species known to be 

common in Ips typographus galleries at significantly higher numbers in unmanaged forests, 

even though the number of l. typugraphus sampled were almost identical between treatments. 

Predators in this sense may be more responsive to changes in the habitat, as they are at the top 

of the food chain, and therefore changes rnay be reverberated throughout chain (Thompson 

1984; Weslien and Schroeder 1999). Others have found that predators and parasitoids are 

especially vulnerable to the effects of fragmentation, to a greater degree than their prey (Kniess 

and Tscharntke 1994). Future directions with this work will involve identification of 

dolichopodids to the species level. 

Many studies have cited Dolichopodidae as a taxon with excellent potential as an 

indicator, due to its pronounced responses to changes in their environment (Pollet et al. 1989) 

and very distinct habitat requirements (Pollet and Grootaert 1996), in general agreement with 



the present study. As predators, and therefore at the top of the food web, they may reveal 

patterns in the insect community that would not be noticed by taxa at lower trophic levels. One 

caveat of this study is that without knowledge of the species composition, furu~er interpretation 

of the patterns exhibited by the dolichopodids and designation as an indicator taxa is limited. 

Unfortunately, ecological data on the dolichopodids, especially in North America, is quite 

scarce. This fact may hinder the use of this farnily as an indicator, until more is known about 

the habits and ecological requirements of these insects. 

independent of the influence of age, a number of habitat variables remained important 

dnvers of insect abundance for a number of taxa. Mycetophiloidea, Rhagionidae, and Culicidae 

clustered in both constrained multivariate analyses on transects located in the southem region of 

the sampling area, where they were more comrnon and abundantly sarnpled. This grouping of 

taxa was presurnably a reflection of southem versus northem regions, independent of habitat 

requirements. Increased abundances of fungus-gnats in the southem regions, in areas of higher 

broad-Ieaf litter content may be explained by irmler et al. (1996) who found that a high 

percentage of fùngus-gnats are wood-dwellers, and that the majority of these species were 

recorded from decaying wood of deciduous trees. Bibionidae was strongly driven by the 

vectors aiong the first axis of both constrained ordinations, which seemed to be a response to its 

higher abundance in the northern transects, in addition to higher amounts of conifer. Bibionidae 

eat most kinds of vegetation, so a preference towards conifer trees does not seem Iikely. This 

family may be adapted to more northem locations, which would explain their highly significant 

increase of abundance towards the north. 

Three post-logged transects appeared as a distinct group on the ordinations, because of 

their low abundances of some taxa in the samples. These transects had high numbers of insects 

captured, even once Tabanidae were removed, particularly of the more cornmon abundant taxa 
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(Le. Mycetophiloidea, Ichneumonoidea). However, there is a definite scarcity of some of the 

less abundant taxa, which may explain their unique clustenng. The paucity of some taxa on 

these transects may be a result of more fiequent trap darnage to on these transects, especially 

during the month of June when insect abundances were at their peak. Both post-iogged 

transects in ecozone four did not obtain sarnples during June. As a result, many taxa which 

were not present in large numbers in the mid- to late summer would not be represented or, these 

transects. 

The disparity between overall abundances in ecozone 1 and 4 was pnmarily due to the 

high numbers of Tabanidae, which were more abundant towards the north, particularly in the 

unlogged transects. Once Tabanidae were removed fiom the analysis, the ecozone effect was 

eliminated. The greater frequency of bogAowland spruce habitats in the north, may provide a 

better habitat for the larval development of the Tabanidae. The larvae of several dipteran 

species are more abundant in the north than in the southern zones, which may be true in the case 

of the Tabanidae (Danks and Foottit 1989). 

There is the possibility of future declines of dolichopodids due to the foreseeable loss of 

older forests in the landscape. These potential declines of mature forest species are ofien cited 

as one of the main logging-induced problems affecting the forest fauna (e.g. Warren and Key 

i 99 1) and implies that this is one aspect of harvesting that does not adequately emulate the 

natural disturbance. Even at the higher-taxonomie level of analysis, there is reason for concern 

over changes in the populations of sorne insect taxa. 

However, changes due to logging were not detectable based on higher level analyses, 

and few requirements of particular habitat characteristics were evident within any one taxon. 

Moreover, higher taxa failed as indicators, with the exception of the Dolichopodidae. This 

family has potential as an indicator; however further work at the species-level is still indicated. 



Chapter 2 Hoverflies (Diptera: Syrphidae) and their responses to 

clear-cutting in the boreal mixedwood forests of northeastern Ontario 

INTRODUCTION 

Conserving the natural biodiversity of Ontario's boreal forest has become a fundamental 

goal of sustainable foresîry in the region, particularly following the inception of the Crown 

Forest Sustainability Act (CFSA 1994). One aspect of biodiversity that has been largely 

overlooked in boreal studies of Ontario are insects, which perform important functional roles in 

the boreal forest ecosystem, ranging fiom decomposers to pollinators. Although many groups of 

insects have exhibited changes due to harvesting activities in other boreal ecosystems (e-g. 

Niemela et al. 1988; Punttila et al. 1994; Okland 1996), the impacts of clear-cutting on Ontario's 

insects are poorly known. Of particular concern are the effects of clear-cutting on dipteran 

species, which constitute a large proportion of tie boreal insect fauna (Danks and Foottit 1989). 

Changes within this community may have widespread impacts on the function of the forest 

ecosystem as some functional groups are ofien represented by few taxa and therefore the loss of 

even a few species may alter ecosystem properties (Pastor and Mladenoff 1996). Moreover, 

others have explored the potential changes in functional roles due to biodiversity loss, such as 

insect outbreaks due to the loss of parasitoids (Kruess and Tschamtke 1994), a reduction in 

pollination (Aizen and Feinsinger 1994) and decomposers (de Souza and Brown 1994) due to 

species loss. 

At the same time, Diptera are an ideal taxa to study because of their ubiquity and 

small-scale habitat requirements. This may enable detection of changes that would otherwise go 

unnoticed using other taxa, such as vertebrates, who may be less ideal for such studies due to 



their long generation times, long life spans and low habitat specificity (Pearson and Cassola 

1992; Pearson 1994). The potential loss of biodiversity in forest ecosystems due to intensive 

harvesting has prompted interest in developing indicator taxa as a means of assessing sustainable 

forestry practices (Noss 1990; Nordin 1996; McLaren et al. 1998). Insects have proven to be  

excellent indicators (Landres et al. 1988; Brown 199 1 ; Pearson and Cassola 1992; Kremen et al. 

1993; Andersen 1997; Rodriguez et al. 1998), but little effort has been dedicated to the use of  

boreal insects as indicators, with the exception of Carabidae (Niemela et al. 1988, 1993a, 1993b; 

Spence et al. 1996). Further research needs to be conducted to better understand the baseline 

ecology of various taxa and their responses to anthropogenic disturbances. 

Syrphidae (hoverfiies) are a group which may be of particular value as indicators of 

forest change. They are one of the largest families of Diptera, with almost 6000 species 

worldwide (Sommaggio 1999). There are 86 Syrphinae species and an unknown number of 

Eristalinae in Ontario, two subfamilies which together make up more than 95% of the Nearctic 

specics. The third subfamily, Microdontinae, constitutes less than 5% of the Nearctic species 

(Vockeroth 1992), and as inquilines of ants' nests are not known to visit flowers and are not 

found f a  from their larval habitat (Vockeroth and Thompson 198 1). The family is also 

interesting from a purely ecological point of view as many of the Eristalinae species are Batesian 

mimics of Hymenoptera (Bates 1862; Azrneh et al. 1998). Syrphidae adults are generally known 

for their pollinating habits and play a key role in pollinating the understory vegetation in the 

boreal forest (Kevan et al. 1993). In the Iarval stage, Syrphidae represent a diversity of 

functional roles and habitat requirernents, both morphologically and biologically, which is 

uncommon within any one family of insect (Vockeroth and Thompson 198 1 ; Rotheray 199 1)- 

They are typicall y categorized into four larval feeding guilds: saprophages, phytophages, 

predators, and scavengers (Hartley 1963; Vockeroth and Thompson 198 1; Gilbert 1986; Ferrar 



1987). Their habitat requirements cover an even wider range, including featwes that may be 

affected by forest hawesting. These include various stnichiral components of the forest, such as 

standing live or dead trees, fallen wood, stumps, rot holes, and other features including the litter 

layer, Hymenoptera nests, living vegetation, and decaying organic matter (Owen 198 1 ; Maier 

1982; Rotheray and Gilbert 1989; Rotheray 199 1 ) .  Many species require woody features for the 

egg-to-larval-CO-pupal stage, before they can emerge as an adult. One genus of Syrphidae, 

Temnostorna, has larvae that bore into non-decomposed dead wood, particularly logs (Ferrar 

1987). Other larvae live in rot holes of trees or in exuding Sap (e.g. Blera, Brachyopa, 

Fevdinandea) (Femr 1987; Rotheray and Gilbert 1989). Many require highly decomposed logs 

to breed and develop, Iiving undemeath the bark or in the rotting wood (especially Xylota and 

Chalcosyrphus) (Ferrar 1987; Rotheray 199 1 ). 

To date, the vast majority of syrphid studies have centred around systematics (e-g. 

Hartley 196 1 )  or taxa with aphidophagous larva (species within the subfamily Syrphinae and 

genus Pipiza) because of their importance as biological control agents of aphids and other 

homopterans in agricultural settings (Vockeroth 1992). Little is known about the habitat 

requirements of other species, especially those in the subfamily Eristalinae. Moreover, 

generalizations conceming habitat requirernents are difticult due to ongoing re-classification at 

the generic, and especially, tribal levels (Ferrar 1987). 

Numerous authors have pointed out that in assessing forest change, one should be 

concerned with alterations in species composition, rather than the absolute number of species 

(e.g. HeIiovaara and Vaismen 1984; Vaisanen et al. 1993; Berg et al. 1994; Kaila et al. 1997). 

This is readily observed within the Carabidae, where different species responded in various ways 

to Iogging, but no overall differences in diversity were evident (Niemela et al. 1988; Spence et 

al. 1996). In addition, focusing on changes within fùnctional groups is advocated because they 
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rnay indicate changes in ecosystem function not noticed in species analyses (Noss 1990; Lamont 

1995; Didharn et al. 1996). A few studies have found that particular functional groups, such as 

pollinators and decomposers respond as a unit to habitat changes (Didham et al. 1996). A 

functional group of syrphids that are affected by logging may be particularly useful as an 

indicator because they may indicate alterations in biological processes and hence signal the 

possibility of change in a broader group of organisms. 

Of particular concern are the possible effects of timber harvesting on species associated 

with dead and decaying wood. These species, known as saproxylic species, are "invertebrates 

dependent, during some point of their life cycle, upon the dead or dying wood of moribund or 

dead trees (standing or fallen), or upon wood-inhabiting fungi, or upon the presence of other 

saproxylics" (Speight 1989, pg. 1). Wood provides a variety of fùnctions for these species, 

including a food source, protection fiom the environment, hibernation, nesting, and breeding 

(Hannon et al. 1986). The species of dead and decaying wood are believed to be one of the 

coadapted cornmunities in the boreal forest (Haila et al. 1994). In Europe, logging activities 

have resulted in the Ioss and decline of numerous saproxylic insect species (Heliovaara and 

Vaisanen 1984; Speight 1989; Esseen et al. 1992; Siitonen and Martikainen 1994; Jonsell et al. 

1998). Moreover, many wood-dependent insect species are believed to specialists of old-growth 

forests; more so than other forest taxa, such as vertebrates and vascular plants (Vaishen et al. 

1993). In Sweden, 80% of red-listed insect species, those classified as extinct, endangered, 

wlnerable, and rare by the World Conservation Union (IUCN 1988), are dependent rnainly on 

old trees, iogs, or snags (Berg et al. 1994). Most of these red-listed species are beetles, which 

are the dominant group of saproxylic species; however, Diptera and Hymenoptera may be 

under-represented becausc their taxonomy and biology is poorly understood (Jonsell er ai. 1998). 

Due to the high number of wood-inhabiting syrphid species, there is concem over their potential 
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loss from the boreal forest. It is well documented that clear-cut logging results in a reduction in 

the amount of wood remaining in the stand compared to fire, due to the removal of woody 

components through harvesting. Under short harvesting rotatiom, the accumulation of these 

structural components is prevented by removing the structural components faster than the forests 

can produce them (Hansen et al. 1991). Moreover, the number of older stands in the landscape 

is anticipated to decline during harvesting, which may also result in the additional loss of the 

'structural legacy' (Hansen el al. 199 1). This has implications in Ontario's boreal forest, where 

logging is creating a shortage of older stands (Baker et al. 1996) which may in tum impact 

species dependent on features of these older forests. Within North America, the connection of 

Iogging, wood, and insects has not been extensively documented, although Harmon et al. (1986) 

discussed some insect associations with coarse woody debris. Although insects are often highly 

dependent on the plant cornmunity, implying that plants may be suitable predictors of 

course-scale diversity in insects (Panzer and Schwartz 1998), at finer-scdzs much of the 

invertebratc diversity is not adequately conserved tkhrough conservation of piants (Crisp et ai. 

1998; Oliver et al. 1998; Panzer and Schwartz 1998). This may in part be due to insect 

associations with other features of the habitat such as coarse woody debris. Therefore, there is 

an urgent need to determine insect responses to human-induced disturbances, independent of 

their association with the forest flora. 

Syrphids have been increasingly used in ecological studies investigating the impacts of 

anthropogenic disturbances on ecosystems due, in part, to their sensitivity to environmental 

change. Much of this work has been conducted in agriculhiral settings, almost exclusively in 

Europe. Industrialized city pollution (Bankowska 1980) as well as agricultural pesticides (Sol 

and Sanders 1959 in Sornmaggio 1999) have reduced syrphid species richness in Europe. 

Several other studies have used Syrphidae to assess habitat change in other ecosystems, 



including the environmental impact of ski slopes in Austria (Haslett 1997), impacts of 

anthropogenic habitat change in the UK on ratios of mimics to models (Azrneh et al. 1998), and 

the distribution of syrphids relative to floodplain conditions in France (Castella et al. 1994). 

Syrphids are thought to be especially useful for landscape-level studies, as they have declined in 

agricultural fields that exhibited lower levels of heterogeneity in the surrounding landscape 

(Banks 1959) and also because of their strong flying ability (Sommaggio 1999), and hence their 

propensity to range wideiy. 

More recentiy, syrphids have been used to detect change in forest ecosystems (Kula 

1997; Humphrey et ai. 1999), such as to assess the impacts of pollution on boreal forests in 

central Europe (Kula 1997). This study found that forest stands that were not subjected to 

pollution, and as a result maintained a closed canopy, displayed lower species richness compared 

to stands that had been damaged by high amounts of pollution. This marked difference between 

forests was attributed to the increased amount of understory plants under the open canopy in the 

damaged stands, thus increasing species richness and abundance. Humphrey et al. (1999) used 

insects as a surrogate of structural changes of forests due to logging, to document relationships 

between forest structural components and various insect taxa, including syrphids. Cornpansons 

of insect diversity and habitat characteristics were made among 12 commercial sites, unmanaged 

semi-natural stands, and plantations. Overall, no differences in species richess and diversity of 

syrphids were found between semi-natural stands and plantations. However, the importance of 

particular habitat features was observed as stand structural variables had a strong impact on 

syrphid comrnunity diversity. These features increased in complexity with successional age, 

providing increased habitat for species, particularly predatory syrphids. Stands with high field 

layer cover, and therefore lower values for canopy cover, harboured greater syrphid diversity. In 

Ontario, syrphids are presently being used to examine the impacts of selective logging in 
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southem Ontario forests (E. Nol. pers. comm.). 

In this study, 1 investigated syrphid responses to clear-cutting and examined the use of 

Syrphidae as indicators of forest change due to logging in northeastern Ontario. Specific 

objectives of the study were: 1) to compare abundance and species rïchness in post-loggect and 

unlogged stands; 2) to determine the influence of logging on feeding and habitat guilds, thus 

allowing the impacts of clear-cutting on syrphids to be investigated both in terms of composition 

and function; 3) to investigate the association of spccies and trophic groups with habitat 

variables. 1 was particularly interested in stand age as a correlate of syrphid comrnunity 

structure to investigate two possible effects of logging: the potential reduction in old-growth 

stands that accompanies logging and a logging-induced change in stand features independent of 

age. This study design ais0 allowed investigation of several other factors, including changes in 

the syrphid cornmunity along a north to south gradient and changes in sex ratios due to logging. 

Males and females have slightly different feeding habits as males feed mainly on nectar for 

energy, whereas females feed on nectar and pollen, a richer source of protein often required for 

reproductive development (Maier and Waldbauer 1979; Gilbert 198 1, 1986). 



METHODS 

Study design aed collection methods for Syrphidae are descnbed in Chapter One. Al1 

syrphids from malaise trap samples were pimed and dried using a method modified fiorn 

Vockeroth (1966), with ethyl acetate as a drying solution. This method provided an alternative 

to the critical point method of Gordh and Hall (1979), which was necessary to produce 

specimens of good quality for identification. This is particularly tnie for Diptera, which tend 

become desiccated and have matted bristles upon removal fiom ethanol. This method involved 

pinning the insect, and placing the specimens in three separate baths of ethyl acetate for three 

consecutive 24 hour penods. Dunng the last day of the senes, approximately a dozen drops of 

ethylene glycol were added to approxirnately 500 ml of ethyl acetate, which aided in softening 

the body of the insect. Insects were then removed fiom the final bath and ieft to dry. 

The majority of syrphids were identified by Bili Crins fiom the Ontario Ministry of 

Natural Resources, Peterborough and verified using the collection at the Royal Ontario Museum, 

Entomology Department, and a variety of published keys. Species within the subfamily 

S yrphinae were identi fied using Voc keroth ( 1992). Species within the subfamily Eristalinae 

were identified to genera using Vockeroth and Thompson (1% 1) and species identification were 

performed using the following keys: Curran (1921) (Heringia and Pipiza), Curran (1922) 

(Brachyopa), Curran and Fluke ( 1926) (Helophilus and Lejops), Curran ( 1934) (Sericomyia), 

Shannon ( 1 939) ( Temnostoma), Curran (1 94 1) (Chalcosyrphus and Xylora), Hull ( 1942) 

(Ferdinandea), Hull and Fluke ( 1 950) (Cheilosia), Curran ( 1 953) (Blera), Telford ( 1 970) 

(Et-istalis). 



Species-level analysis 

Females of the genera Platycheinrs, Eupeodes, Parasyrphus, and Sphaerophoria, which 

constituted 207 individuals of the total 1925 individuals captured, could not be identified to 

species. Therefore, species-level analysis excluded these taxa. Al1 syrphids were included in the 

subfamily analysis. 

1 anaiyzed abundance and diversity within two subfamilies: Syrphinae (homopteran 

predators) and Eristalinae (which contains a variety of fùnctional roles). Merodontinae, the third 

Syrphidae subfamily, was not found in the samples. They are found in ants' nests (Ferrar 1987) 

and are make up a small proportion of al1 syrphid species (Vockeroth 1992). Differences in the 

abundance and number of species between treatments were tested via a Wilcoxon test (PROC 

NPAR 1 WAY, SAS v.7.0). 

Distinguishing male syrphids from females is simple, as males usually have holoptic 

compound eyes and differ in their last abdominal segment and genitalia (Vockeroth and 

Thornpson 198 1). As a result, 1 investigated differences in abundance and richness behveen 

sexes. The mean abundance per day and mean species richness were calculated for each sex and 

for al1 species (see below). Analyses excluded individuals that were not identifiable to species. 

Two separate analyses on the abundance and species richness of both sexes were performed: 1) 

overall differences in the sexes were investigated using pooled treatments, as well as differences 

within each treatment separately, and 2) differences within each sex independently were tested 

between treatments. These tests were performed with a Wilcoxon two-sample test, a 

non-parametric paired t-test (Zar 1984). 

Abundances were standardized by calculating the mean abundance per day for each 

transect during each monthly sample period, and then calculating the mean abundance per day 
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over the entire summer. Mean species richness, mean Shannon-Weiner diversity (H'), and mem 

evenness were calculated for each transect during each monthly sarnple period and over the 

entire summer. The Shannon-Weiner equation is provided in Chapter One. Evemess represents 

the distribution cf  species in the sample-sarnples that are dominated by a few species will have 

a low evenness. Evemess was calculated as the Shannon-Weiner index ( H f )  divided by the 

natural logari thm of species richness (Magurran 1 988). 

To determine differences between treatments, a two-way randomized-block ANOVA was 

performed on the abundance, richness, diversity and evenness, with ecozone as a blocking factor. 

A one-way ANOVA with ecozone as a covariate was tested for a treatment diflerence across 

ecozones. An analysis of covariance (ANCOVA) compared species richness arnong treatments 

while simultaneously controlling for number of individuals captured. 

Depending on the abundance of each species in the samples, species-level analyses were 

performed by two different methods. The majority of species were collected on only a few 

trînsects: these rare species were analysed separately fiom species which were abundant. 

Specifically, species that were found on at least 18 of the 24 transects were classified as 

abundant (n=7 species). As before, differences in these species abundances were tested via a 

randomized block ANOVA, while an ecozone gradient was tested using a one-way ANOVA 

with ecozone as a covariate. Abundant species were then also treated with an ANCOVA, to 

determine if average estimated age of trees in the stand and FIU ages were important covariates. 

ANCOVA's were only performed if a significant slope effect was evident and if there was no 

significant interaction between age and treatment effects. Regressions were performed with both 

Iinear and quadratic relationships with age. Significant correlations of habitat variables were 

determined first on the original variables via Speannan's rank correlations, and subsequently 

with the effect of age partialled out fiom each variable. Only highly significant correlations 



(1 0.00 1) are discussed to partially control for spurious significant results due to multiple 

comparisons. Rare species were analysed via a two-sample median test, which was ideal for 

data with low fiequency and produces exact p-values (Zar 1984). Species which were present on 

three or fewer transects were excluded from this analysis, because it would be impossible to 

obtain a significant value. As a result, only 44 of the 94 rare species were tested. 

Trophic analyses 

Each species was assigned a trophic category based on information in the literature. 

Analyses were performed on both larval feeding guilds and habitats (Table 2.1). Feeding guilds 

were divided into four categories: phytophages, scavengers (usually feeding on dead individuals 

in the nests of Hymenoptera), predators (predominantly aphid-feeden, but often predaton of 

other homopterans and insects), and saprophages (consuming organic matter [oAen aquatic or 

semi-aquatic species who filter-feed to obtain their food]) (Hartley 1963; Vockeroth and 

Thompson 198 1 ; Gilbert 1986; Ferrar 1987; Sornrnaggio 1999). Larval habitats were 

determined from a combination of various sources, dividing the syrphids into seven habitat 

categories: 1) litter dweller (living on the ground in the litter layer), 2) nests (living in 

Hymenoptera nests), 3) trees (living in live coniferous or deciduous trees), 4) wood (living in 

rot-holes of trees, coarse woody debris) 5) saprophage (living in decaying organic matter) 6) 

plant (living in plants, herbs, shrubs, other vegetation excluding trees), and 7) unknown (Doros 

aequalis and Ocyptarnus fascipennis). Differences in mean abundances and mean species 

richness between treatments for each hnctional group were deterrnined by a two-way 

randomized-block ANOVA. 

For wood-inhabiting species, mean abundance, mean number of species, mean diversity, 
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and mean evenness were tested via a randornized-block ANOVA. Differences in species 

richness were controlled for abundarice via ANCOVA. The influence of estimated average age 

of trees in the stand and F M  stand ages was removed fiom the analysis via an ANCOVA, 

provided that there was a significant slope effect. Identical analyses were performed for the 

wood-inhabiting species after removing species that constituted more than 5% of the total 

abundance of al1 wood-inhabiting species: Chrysotoxurn derivaturn (comprising 10.6% of the 

total syrphid sarnple), Temnostoma vespiforme (9.6%) Blem badia (8.1%), Chrysotoxum 

jluvfrons (7.6%), Xylota subfasiciata (6.6%), Temnostoma obscumm (5.6%) and Xylota 

annulfera (5.1%). These species were removed in an effort to identiQ differences among the 

less abundant wood-inhabiting species, which constituted the majority of these species. 

Analyses performed afier simply removing the "abundant" wood-inhabiting species (occumng 

in at least 18 of the 24 transects) only excluded the top two species listed above (C. derivaturn 

and T. vespgorme) and therefore did not achieve the goal of omitting the influence of dominant 

species. Correlations with habitat variables including and excluding the age effect were 

determined via a Spearman's rank correlation for each trophic group. 

Multivariate analyses 

Al1 species 

Community level patterns were exarnined using mean abundances per day over the entire 

summer. Unconstrained analyses were first performed via a Detrended Correspondence 

Analysis (DCA) (detrended by segments) to determine the gradient length, which indicated a 

linear mode1 was suitable, as the gradient length was 1.5 S.D. Therefore, Principal Components 



Analysis (PCA) and Redundancy Analysis (RDA) were used for the unconstrained and 

constrained analyses, respectively. The RDA was performed using three summary habitat 

variables, including and excluding the influence of age, on al1 the syrphid species. Surnrnary 

habitat variables were created from a PCA based on a correlation matrix on al1 46 habitat 

variables as a reduction method for dealing with the high number of variables, which exceeded 

the number of transects (see Chapter One). Only the first three PCA axes were used in fùrther 

analyses, as only the fmt three exhibited interpretable gradients. Due to the age differences 

inherent between the treatments, an additional three summary variables were created by 

partialling out the influence of age fiom the original 46 variables (see Appendix l), and then 

performing a PCA on the residual values (See Table 1.8a,b). 

Feeding and habitat groups 

To examine patterns due to larval feeding guilds and habitats, both species abundances 

and number of species found within each feeding and habitat group were analyzed with a PCA 

and RDA, constrained with the summary habitat variables. Because there was strong 

correlations for the wood-inhabiting species, an RDA was performed on just these 33 species, 

constrained the woody habitat variables. Al1 ordinations were based on a covariance matrix, 

because the values were not measured in different units, and because this is the preferred PCA 

method unless there is strong need for standardizing the data (Jongrnan et ai. 1995). 



RESULTS 

Malaise trap samples yielded a total of 1925 individuals, of 37 genera and 101 species 

(Table 2.1). Within the sarnples, 207 females could only be identified to genus. A number of 

species were relatively abundant in the samples, but the majority were caught infiequently. This 

was reflected in the species-rank curve, which closely approximated a log-normal distribution 

(Figure 2.1). Syrphus nbesii, followed by S. torvus, Temnosforna vespforme, Chrysotoxum 

derivatum and Cheilosia tristis were the most abundant species captured in the sarnples, and 

collectively constituted 35% of the sample that was identifiable to species (174, 132, 105,94 and 

90 individuals, respectively). Xanfhogmmrnaflavipes was previously recorded only fiom 

southem Ontario (Vockeroth 1992). A significantly higher abundance of Syrphinae (0.9W 0.13 

individuals per day), predominantly aphid feeders, compared to Eristalinae (0.68*0. I O  

individuals) were collected in the samples based on a Wilcoxon normal approximation paired 

t-test (z=-3.70, p<O.OOl). However, the mean number of species within each subfamily did not 

di ffer significantly between treatments (r-. 165, p=.869) (Syrphinae: 1 1.4*1.1 species; 

Eristalinae: 1 1.8* 1.6 species). A species turnover graph revealed that as the summer progressed, 

the number of species declined, although nearly half of the species were caught throughout the 

entire summer (Figure 2.2). Each species was then assigned a rank value, based on the mean 

date captured. The majority of species present late in the summer were also caught early in the 

summer; however, many species captured in the early summer ofien were not caught later in the 

season. 



Table 2.1 -Syrphidae species and trophic categones based on feeding guilds and habitat 
requirements at the larval stage. The species list includes al1 identifiable species collected nom 
malaise traps, June-early Septernber 1998. 
Species Lanral habitat Trophic grouPo' 

requinment.' 
Baccha elongata (Fabricius) litter predator 

Blera amillata (Osten Sacken) wood saprophagous 

Blera badia (Wal ker) wood saprophagous 

Blera nigra (Williston) wood saprophagous 

Brachyopa femginea Fa lien wood saprophagous 

Brachyopa fla vescens Shannon wood saprophagous 

Chalcosyrphus anthreas Walker wood saprophagous 

Chalcosyrphus cuwaria (Curran) wood saprophagous 

Chalcosyrphus inarmatus (Hunter) wood saprophagous 

Chalcosyrphus libo Wal ker wood saprophagous 

Chalcosyrphus pigra Fa bricius wood saprophagous 

Chalcosyrphus vecors Osten-Sacken wood saprophagous 

Cheilosia nigrafasciata Cunan plant herbivore 

Cheilosia pallipes Loew 

Cheilosia sialia Shannon 

plant 

plant 

herbivore 

herbivore 

Cheilosia slossonae Shannon plant herbivore 

Cheilosia tristis Loew 

Cheilosia wisconsinensis F lu ke and Hull 

plant 

plant 

herbivore 

herbivore 

Chrysotoxum denvatum Walker wood predator 

Chrysotoxum flavifrons Macquart wood predator 

Dasysyrphus venustus (Meigen ) tree predator 

Didea fuscipes Loew tree predator 

Doros aequalis Loew unknown predator 

Epistrophe (Epistrophella) emarginata (Say) plant predator 

Epistrophe (Epistrophe) grossulanae (Meigen) tfee predator 



Table 2.1 continued 
Species Lawal hsbitat Trophic groupsf 

requirements ' 
Epistrophe (Epistrophe) nitidicollis (Meigen) 

Epistrophe (Epistrophe) terminalis (Cu man) 

Epistrophe (Epistrophe) xanthostoma (Williston) 

Eriozona (Megasyrphus) taxa (Osten Sacken) 

Eristalis dimidia tus Wiedernann 

Eristalis obscurus Loew 

Eristalis transversus Wiedemann 

Eupeodes (Eupeodes) amencanus (Wiedemann) 

Eupeodes (Eupeodes) latiiasciatus (Macquart) 

Eupeodes (Eupeodes) luniger (Meigen) 

Eupeodes (Eupeodes) perplexus (Osbum) 

Eupeodes (Eupeodes) pornus (Curran) 

Eupeodes (Lapposyrphus) lapponicus (Zettersted t) 

Ferdinandea buccata Loew 

Ferdinandea dives Osten Sacken 

Helophilus borealis Staeger 

Helophilus la tifrons Loew 

Henngia (Cnemodon) coxalis (Curran) 

Heringia (Cnemodon) calcarata (Loew) 

Henngia (Cnemodon) elongata (Curran ) 

Heringia salax Loew 

Lejops distinctus (Williston) 

Lejops relictus Curran and Fluke 

Lejota cyanea (Cyanea) 

Leucozona (Leucozona) lucorum (Linnaeus) 

Melangyna (Melangyna) lasiophthalma (Ze tterstedt) 

plant 

plant 

plant 

tree 

organic rnaterial 

organic material 

organic material 

tree 

tree 

tree 

tree 

tree 

tree 

wood 

wood 

organic rnaterial 

organic material 

plant 

plant 

plant 

pIant 

organic material 

organic material 

wood 

tree, Iitter 

plant 

predator 

predator 

predator 

predator 

saprop hagous 

saprophagous 

saprophagous 

predator 

predator 

predator 

predator 

predator 

predator 

saprophagous 

saprop hagous 

saprophagous 

saprophagous 

predator 

predator 

predator 

predator 

saprophagous 

saprophagous 

saprophagous 

predator 

predator 



Table 2. I continued 
S pecies Larval habitat Trophic groupsl 

requirements ' 
Melangyna (Meligramma) triangulifera (Zetters ted t) plant predator 

Melangyna (Melangyna) umbellatarum (Fa bricius) 

Melanostoma mellinum (Lin naeus) 

Meliscaeva cinctella (Zetterstedt ) 

Ocyptamus fascipennis (Say) 

Orthonevra pictipennis (Loew) 

Parasyrphus genualis (Williston) 

Parasyrp hus serniinteruptus (Flu ke) 

Pipiza femoralis Loew 

Pipiza nigripilosa Williston 

Pipiza quadrimaculata (Panzer) 

Platycheirus angustatus (Zetterstedt) 

Pla tycheirus in versus Ide 

Platychein~s obscurus (Say) 

Pla tycheirus rosarum (Fabricius) 

Rhingia nasica Say 

Sericomyia chrysotoxoides Macquart 

Sericomyia lata (Coquillett) 

Sericomyia militaris Wal ker 

Sericomyia transversa (Os bum) 

Sphaerophoria abbreviata Zetterstedt 

Sphaerophoria novaeangliae Johnson 

Syrphus rectus Osten Sacken 

Syrphus ribesii (Linnaeus) 

Syrphus tontus Osten Sacken 

Syrphus vitripennis Meigen 

plant 

litter 

tree 

unknown 

unknown 

tree 

tree 

plant 

plant 

plant 

litter 

litter 

Iitter 

litter 

organic material 

organic material 

organic matenal 

organic material 

organic material 

litter 

liner 

plant 

plant 

plant 

plant 

predator 

predator 

predator 

predator 

saprop hagous 

predator 

predator 

predator 

predator 

predator 

predator 

predator 

predator 

predator 

saprophagous 

saprop hagous 

saprop hagous 

saprophagous 

saprophagous 

predator 

predator 

predator 

predator 

predator 

predator 



Table 2.1 continued 
Species Larval habitat Trophic groups' 

reauirements' 
Ternnostoma altemans Loew wood saprop hagous 

Temnostoma balyras (Walker) wood saprop hagous 

Temnostoma barben Cunan wood saprophagous 

Temnostoma nipigonensis Curran wood saprophagous 

Ternnostoma obscurum Loew wood saprophagous 

Temnostoma vespifome (Linnaeus) wood saprophagous 

Toxomerus geminatus (Say) plant predator 

Toxomerus marginatus (Say) plant predator 

Toxomerus politus (Say) plant predator 

Tric h opsom yia (Pipizella) recedens plant predator 

Trichopsomyia apisaon (Pipiza modesta) plant predator 

Volucella bom bylans (Lin neaus) nest scavenger 

Xanthogramma flavipes (Loew)! nest scavenger 

Xylota analis Williston w d  saprophagous 

Xylota annulifera Bigot wood saprephagous 

Xylota atlantica Shannon wood saprophagous 

Xylota bicolor Loew wood saprophagous 

Xylota bigelowi Curran wood saprophagous 

Xylota flavifrons Walker wood saprop hagous 

Xylota flukei (Curran ) wood saprophagous 

Xylota hinei (Flu ke) wood saprop hagous 

Xylota naknek Hime wood saprophagous 

Xylo ta quadrimaculata Loew wood saprop hagous 

Xylota subfasciata Loew wood saprophagous 

' ~ e e d i n ~  and habitat guilds were compiled fiom Hartley (1963), Vockeroth and Thompson 
( 1 98 1 ), Gilbert (1 986), Ferrar (1987), Sommaggio (1 999). !Represents a locally rare species. 



species rank 

Figure 2.1 -Rank abundance of al1 Syrphidae species collected from June to early 
September 1998 in the boreal mixedwood forests of northeastern Ontario. 

3-Jun 13-Jun 23-Jun 3-Jul 13-Jul 23-Jul 2-Aug 12-Aug 22-Aug 1-Sep Il-Sep 

Figure 2.2-Presence of Syrphidae species ranked according to their mean capture date 
frorn June to early September 1998. Six main collections occurred: June 13-1 8; June 
29-July 3; July 14- 18; July 29-August 2; August 13- 17; August 28-September 1. This 
graph was created by obtaining the capture date for each species fiom each trap, and 
then calculating the mean capture date for each species. 



Sex differences 

Females were much more abundant than maies as evident fiom the both the mean number 

of species (Wilcoxon normal approximation paired t-test: ~ 2 . 9 0 ,  p=0.004) and mean total 

abundance within the entire collection (L-2.99, p=0.003) (Table 2.2). Both sexes did not exhibit 

differences in species richess or abundance between post-logged and unlogged forests 

(Wilcoxon, species richness: maies: z--.722 p=0.470; femaies: z=--660, p=0.505; abundance: 

males: z=--530, p= 0.589; femaies: z<0.001, p=1.00). Within the post-logged stands, there were 

no significant differences between male and femaie abundance ( p l  -790 ~ ~ 0 . 0 7 3 )  or richness 

( F  1.560, p=. 1 18). However, within the unlogged stands there was a significantly higher species 

richness ( ~ 2 . 7 8 0 .  p=O.O06) and abundance ( ~ 2 . 2 8 0 ,  p=0.023) of female syrphids than males. 

Table 3.2-Mean abundance and species nchness of females (F) and males (M) in post-logged and 
unlo~ged boreal nixedwood farests. 
C -- 

Post-logged Unlogged Overail 

Abundance 0.5820.18 0.9820.19 O.6OfO.12 l.OfO.14 0.59f0.10 0.99f0.11 

Species richness 4.88I 1.20 7.Sf 1.20 4.9620.74 8.020.58 4-9220.69 7.7520.66 

Logging effects on abundance and diversity 

Overall, mean abundance, species richness, diversity, and evenness did not differ 

significantly between treatments (Table 2.3). Within each subfarnily, no logging effect was 

detected for abundance (Syrphinae: Flu=0.32, p=0.58; Eristalinae: Fl,u=0.80, p=.38) or for 

number of species (S-qhinae: F123=0.05, p=0.82; Eristaiinae: Fl,23=l -40, p=0.25). However, 

species-specific differences were apparent, particularly for the abundant species (Figure 2.3; 
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Table 2.4). Three of the seven abundant species exhibited a significant logging effect. Cheilosia 

tristis was significantly more abundant in the post-logged stands, whereas Temnosfoma 

vespijiorme and Toxomerus geminam were signi ficantl y more abundant in the unlogged stands. 

Spe cie s 

Figure 2.3-Mean abundance per day of abundant syrphid species in post-logged and unlogged 
boreal mixedwood forests in northeastern Ontario fiom June to early September 1998. S. 
ribesii=Syrph us ribesii, S. t o r v u ~ s y r p h  us t o m ,  Che. tristis=Cheilosia tristis, Chr. 
derivatttrn=Chrysotomm derivatum, M. mellinum=Melanostoma mellinum, Te. 
vesp~orme=Temnostoma vesp#iorme, To. geminatus=Toxornerrrs geminatus. Vertical bars 
represent one standard error. 

Removing the effect of age via an ANCOVA using estimated average tree age as the 

covariate revealed that Temn~sfoma vesp#iorme and Toxomerus geminatus were no longer 

significantly different between treatments, suggesting that age was influencing the responses of 

these two species (Figure 2.4a and b). For these species the significant treatment effect can be 

attributed to differences in stand ages, which is fiuther supported by the strong linear 

relationship between both species abundances and average estimated age of trees (Temnostoma 

vespiforme: F,== 16.50, pcO.00 1 ; Toxomerus geminatus: F,3=2 1.99, p<O.00 1) and FR1 ages 



Tablc 2.3-Mcan abundancc, spccics ricliness, divcrsity (H) and cvcnncss for d l  Syrphidae spccics witliin cnch ecozone and bctwccn 
post-logged (PL) and unloggcd (UL) transects. Probability valiies for a logging cffcct and ecozone cffcct for cadi nicasurcmcnt arc 
also sliown. Significant p-values arc indicatcd witli an asterisk. 

PL UL PL UL PL UL - PL UL PL . - - -  UL F 
- - .-1,2fl--_- _F1,&1! 

A bundancc 1.41.2 1.01.1 3.511.2 2.811.1 0.9k.4 1.31.3 0.91.4 1.51.7 1.71.4 1.61.3 0.01 1 .O 
0.93 0.33 

Richness 6.51.8 5.91.5 13.113.6 10.9*3.7 4.811.6 6.211.5 3.71.9 7.912.9 7.221.3 7.511.2 0.21 2.1 
0.16 0.16 

Diversiiy 1.51.2 1.61.1 2.11.2 1.81.3 l.Oi.2 1.31.2 1.11.2 1.21.4 1.41.1 1.51.1 0.03 13.8 
0.6 1 0.00 1 * 

Evenncss 0.91 1.03 0.931.01 0.921,Ol 0.921.01 0.951,02 0.91 1.01 0.951.02 0,961.02 ,931.01 ,931.01 0.37 7.25 
0.55 0.01' 

'~andomized block, with ccozonc as a blocking factor. 
'one-way ANOVA with ecozonc as a covariate. 



Table 2.4-Mean abundanccs of abundant spccics and the results of an ANOVA testing for trcatrnent and ccozoiic 
effccts. An ANCOVA was also pcrformed to determine if logging cffects maintaincd their significancc once the 
influence of agc was rcmoved from the analysis. Si~nificant values (ps0.05) arc indicatcd with an asterisk. 
Spccies Mean abundancc Logging cffcct Ecozonc cffcct ANCOVA' ANCOVA FRI' 

S. ribesii 0.2 1 I .O5 O. 1 3 ~  .O3 F= 1.9 p=. 19 F= 1 . 1  p=.30 

To. vcspfornie 0.041,OI 0. 141.03 F= 10.0 p=.OO5+ F=44 p=.S I F=.57 p=.46 F=.37 p=.55 

Te. gemiriatus 0.041 .O 1 0.131.02 F= 10.4 p=.004+ F=2.4 p=. 13 F=. 12 p=.73 F=.33 F=.57 

Total .101.02 .101.0I F=.02, p=.88 F= 1 . 1  p=.30 F=2.69 p=. 16 

'ANCOVA prformed only on spcies for which thecc was a significant slopc effcct (pc0.10). 
Species=S. ribesii=Syrphus ribesii, S. iowus=S~rphirs tomcs, Che. rristis=C/~eilosia trisris, Chr. derivaiirni=Ch~aoio.r~~n~ derivaruni, 
M. melliriun~=Melanos~onia mellintrrrt, Te. rwpiJiornie= Tcmnostoma vespiJiornie, Tu. gcniina tus= Toxomerirs genii~ratus. 



I Post-logged 
O Unlogged 

O 20 40 60 80 100 1 20 

Average estimated age of trees 

0.35 - 
0.3 { O 

0.25 i 

O 20 40 60 80 100 1 20 

Average estimated age of trees 

Average estimated age of trees 
Figure 2.4-Mean abundance per day of a)Ternnostorna vespiforme, b) Toxornerus 
geminatus, and c)  Cheilosia tristis in relation to the average estimated age of trees in each 
stand. 
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(Temnostorna vespifonne: FIU=14.36, p 4 . 0 0  1 ; Toxomencs gerninatus: F,,=13.6 1, p0 .00 1). 

However, because Cheilosia tristis did not exhibit a significant age effect, the significant logging 

effect appeared to be due to logging per se (Figure 2.4~). Moreover, Cheilosia tristis did not 

exhibit a significant relationship with estimated age of trees (F,,= 1.9 1, p=0.18 1 ), though the 

(negative) relationship was almost significant with the FR1 ages (F,,=4.19, p=0.053). Of the 

rare species, only Sericomyia miliraris exhibited a logging effect (median two-sample test: 

Z,,,2,=-2.32, p=.02); this species was collected in 1 1 of 12 unlogged stands, but in only 4 of 12 

post-logged stands. 

Feeding and habitat guilds 

Syrphids were categorized into four feeding guilds: saprophages (44 species), herbivores 

(6) ,  predaiors (49) and scavengers (2; Volucella bornbylons and Xanthogramrnaj7avipes). 

Herbivores were significanily more abundant in the post-logged stands (Table 2.5a). The slope 

was marginally significant with the average estimated tree age (F1,=3.67, ~ 4 . 0 6 9 )  and FM 

ages (F,,,=2.62, p=O. 12 1) and therefore an ANCOVA was performed to remove the effect of 

age. Afier performing the ANCOVA with estimated tree age, a treatrnent effect was still 

apparent (F,,=7.48 p=O.Ol), though only marginally when using the FR1 ages as the covariable 

(FI 7,=4.0S, p=0.06). Wood-inhabiting species were significantl y higher for both mean species 

richness and mean abundance in the unlogged transects (Tables 2.5a and b). An ANCOVA was 

not performed with stand age because no significant slope effect was evident for either species 

richness or abundance with average estimated age of trees. However, after correcting species 

richness for abundance via an ANCOVA, there was no longer a significantly greater number of 

wood-inhabiting syrphids species in the unlogged transects (Fl,=.52, p=0.48) (Figure 2.5). 



Table 2.5a-Mean abundancc of fccding and habitai gui!ds of syrptiid spccics in post-loggcd and 
unloggcd stands. Sigiiitcancc values for a logging and ecozonc cffect arc also displaycd. Sigiiificant 
values (ps0.05) arc indicatcd witli an astcrisk. 
Trophic Abundance Logging Ecozone Interaction 

effec t effect 
- gr!!!!ps-- .. - . . . . - - . .. . .. _ . -. . _ . -- - -. -. . -  - -._ A , _ _ _. . .. _ - 

-- 
Feeding guilds PL UL Total 

------p.- ------ -- -- 

herbivorous ,171 .O4 .O8 I .O2 .13 .O2 F=5.1 p=0.04* F=0.25 pz.62 

saprophagous ,381.14 .641.10 .5 1 I .O9 F=2.9 p=. 1 O F=0.57 p=.46 

predaccous 1.21 .29 1.041.25 1.11.19 F=.55 p=.47 F=3.17 p=.09 

scavengers .O05 I .O O .O02 I .O F=2.3 p=. 15 F=0.38 p=.55 

Habitat guilds PL UL --- Total ---------- 
litter 0.18î.06 0.131.04 .161.03 ~=0.85 p=.36 F=1.96 p=. 18 

nest 0.0 1 î .O0 0.00* .O0 ,0071 .O0 F= 1.29 p=.27 F=0.63 p=.43 

plant 0.651.1 1 0.541.1 1 .60 I .O8 F= 1.45 p=.24 F=2.73 p=. 1 1 

dccaying OM 0.1 l î.05 0.1 1k.02 1 1 1.02 F<0.001 p=.99 F=1.3 1 p=.27 

trec O. 18î.07 0.13;t.OS 161.04 F=0.60 p=.45 F=4.15 p=.05* 

unknown 0.0 1 î .O0 0.01 1.01 .011.01 F=0.25 p=.62 F=0.52 p=.48 



Table 2.5b-Mcan spccics richncss of larval fceding and habitat guilds in post-loggcd and 
unloggcd stands. Significancc valucs for a logging and ecozone effcct arc also displayed. 
Si~nificant valucs (0~0.05) arc indicatcd with an astcrisk. 
Trophic Species richness Logging Ecozonc 
groups - - cffcct effect ----- ------A 

Fcedingguilds PL UL Total ----- - - -.-- - - - - -- 
hcrbivorous 1.75 1.35 1.671.26 1.711.21 F=0,04 p=.84 F=0.06 p=.80 

saprophagous 6.92 12.2 10.831 1.3 8.881 1.3 F=2.8 p=. 1 1 F=O. 13 p=.72 

predaceous 12.2512.1 12.921 1.4 12.581 1.2 F=O. 13 p=,73 F4.37 p=.03* 

scavengers .171.11 O .081 .O6 F=2.7 p=. 16 F=0.43 p=.52 

---- 
Habitat guilds PL UL Total 

---A---.- ----.- 

littcr 2.17134 2.51.40 2.331.26 F=0.57 p .46  F=0.85 p=.37 

plant 6.921 1 .O2 7 .25 I -70 7.08k.60 F=O.llp=.75 F=1.49 p=.24 

decaying OM 2.251.88 2.421.36 2.331 A6 F=0.05 p-.83 F=0.88 p=,36 

tree 2.751.72 2.83 I .5 2.791 -44 F-0.01 p=.91 F=7.72 p=.01* 

unknown 251.13 ,251.2 .251.11 NO.001 p= 1 .O F=1 .O2 p=.32 

"Only consisted of 9 individuals. 





AAer removing the rnost abundant wood-inhabiting species, Chrysotoxum derivatum, 

Temnostoma vespfome, Blera badin, Chrysotoxun flavfrons, Xylota subfaciata, Temnostorna 

obscurum, and Xylota annulifera from the anatysis, a similar result remained (F,,=1.3 1, 

p=0.26). A list of al1 wood-inhabiting species, their mean abundances and occurrences within 

each treatment are listed in Table 2.6. When estimated tree age was partialled out of al1 the 

habitat groups using ANCOVA, plant-inhabiting species were almost significantly more 

abundant in the post-logged stands (F,,=4.03, p=.058). The difference was significant when 

FR1 ages were used as the covariate (F,,=6. 17, p=.022). ?rior to the removal of age, there was 

no significant treatment effect with plant-inhabiting species. 

Habitat variables 

A number of habitat variables were correlated with abundance of the abundant species 

(Table 2.7). However, removing the influence of estimate age of trees and FRI ages from the 

variables resulted in the removal of al1 highly significant relationships @ always s 0.00 l), 

except for Melanostorna meflinum, for which a positive significant relationship with tree density 

was apparent after removing the influence of the FM ages. 

Few significant correlations were evident for the feeding and habitat guilds. The 

abundances of the wood-inhabiting guild showed a positive correlation with logs of early decay 

classes (Table 2.8), though once the influence of estimate age of stands and FiXi ages were 

removed, this relationship was no longer present. Abundance and species richness of the 

saprophagous feeding guild was significantly positively correlated with understory vegetation 

openness. AAer removing the effects of both age variables, the significant of these relationships 

were removed. After removing the influence of age, the number of species in the saprophagous 



Table 2.6-List of wood-inhabiting Syrphidae species and their mean abundances and frequency 
of occurrences in post-logged (PL) and unlogged (UL) transects. 
Species Mern sbuadrnce ~ccurreaces' 

PL UL PL UL 

Blera badia 

Blera nigra 

Braclv.opa fernrpinea 

Braclr)~opa/lovescens 

Chalcosyrpiz us an threas 

Ciralcogv-phirs curvaria 

Chalcosyrphus inarmatus 

Cha lcosyrphus libo 

Cha lcosyrph us pigra 

Chalcospph us vecors 

Chr~.soto.rum derivatum 

C/:grioto.rurn /lov~yrons 

Ferdinandea buccata 

Ferdinandea dives 

Lejota cyanea 

Tenirtostonra alternans 

Tenznostonra baiyras 

Tenznosronia barberi 

Ternnosronla nipigonensis 

Ternnostoma O bscunrrn 

Tenrnosroma vespi/orme 

Xjdo!a analis 

XyIota annulgera 



Table 2.6 continued 
Species Mean abundance Occurrences1 

PL UL PL UL 
Xylora arlanrica 

Xj-Iota bicoior 

Xylora bigeiowi 

Xylora fkav~frons 

Xyiota flukei 

Xylora hinei 

Xylora nalrnek 

Xylora quadrirnaculara 

Xylora subfasciata 

Total abundance 

Species richness 

Evenness 

Diversity 

'Number of transects (of 12) in which each species occurred. 
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feeding guild was significantly positively correlated with semivariance of the stand at 10-15 m 

vertically into the canopy (Table 2.8). 

Multivariate analyses 

The variation along the first axis of the PCA (27.9%) appeared to be explaining an 

abundance gradient, with two post-logged and two unlogged transects in ecozone 2 located at the 

extreme right of the ordination, due to the high insect abundances at these sites (Figure 2.6). 

This was evident by the location of the total abundance at the far end of the graph, which was 

entered passively into the ordination. Moreove,, the larval habitat groups based on species 

abundances, which were also passively entered ont0 the ordination, were al1 located in the same 

direction of the highly abundant transects. The second axis, which explained 1 1.8% of the 

variation, il lustrated a fairly strong distinction between the post-logged and unlogged sites, 

within ecozones 1, 3, and 4. Part of this variation was apparently explained by the higher 

abundances of the wood-inhabiting guild in the unlogged stands, as indicated by the position of 

the wood-inhabiting vector. In addition, a partial latitudinal gradient was also f o n d  along the 

second axis, as the southem trarzsects and the northem unlogged transects were located in 

opposite directions along this a i s .  

A constrained analysis (RDA) of al1 syrphid species with the three sumrnarized habitat 

variables explained 9.7% and 5.5% of the variance along the fint and second axes, respectively 

(Figure 2.7a). The first axis represented a logging and age mis, along which a distinction 

between the unlogged and post-logged transects was evident, as predominantly unlogged 

transects were located in the direction of the "age" gradient. The older ages of the unlogged 

stands, which harboured habitat features more common in the older stands such as greater 



Tablc 2.8-Corrclations (Spearman's rank) of both fccding and habitat guild abundancc and spccics richness and 
habitat variablcs. Coirelations are listed with original variablcs, and aner the estimated agc and FR1 agcs werc 
treatcd as covariables. 
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Habitat guild ~abi ta t '  Spearman's rankZ Correlations with Correlations with 
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-- a covariablc 
- ---. ------------- covariable 

Abundancc w ood log 1 rs=0.629, p=O.OO 1 - 

Specics richness wood sv3 rs=0.654, p=.O I 
-- ---- -. 

Feeding guild- Habitat Speannan's rank Correlations with Correlations with 
variable correlations cstimated age as FRi age as a 

--- a covariable .- covariable 
Abundince saprophagous vegdcn rs=.677, p=.0003 

Spccies richness saprophagous vegdcn rs=.627, p=.W l - 

saprophagous sv3 r,=.625, p=.Wl 

I Habitat variable codes are listed in Appendix 1. 
*Only highly significant correlations (ps0.001) werc used in interpretation of results. 



wood Unlogged 

om 
a total 

a I .  

@t 
8 plant 

0 . . i? 
. O  

PCA 1 (27.9%) 
Figure 2.6-Principal Components Analysis (PCA) of all syrphid species based on a covariance matrix, 
with abundances of larval habitat guilds and the total abundance entered passively. Circles represent 
individual species and the numbers represent transects located in the southernmost (1) to 
northernmost (4) locations. Guilds are: wood=wood-inhabiting; om=organic matter inhabiting; 
litter=litter-inhabiting; plant=plant-inhabiting, excluding trees; tree=tree-inhabtttng. 
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amount of foliage in the upper canopy, more open understory vegetation and higher arnounts of 

recently fallen logs, appeared to be the main factor influencing the syrphids along this axis. The 

second RDA axis was explained in part by the "percent conifer" gradient. This suggested that 

there was some variation influenced by coniferous content, particularly as the broad-leaf litter 

variable was located in opposite directions of this vector, on which the percentage of coniferous 

trees and saplings was positively loaded. 

Constraining the data with the summary variables d e r  the effect of age had been 

partialled out revealed a similar pattern to the constrained analysis including age (Figure 2 3 ) .  

Both the "structural" and "canopy opemess" gradients explained much of the variation along the 

first axis (7.5%). The separation of the unlogged and post-logged transects along this axis 

remained present, suggesting that even without the influence of age there was a strong logging 

effect. High moss content, higher numbers of recently fallen logs, and a more open understory 

vegetation cover were key variables found more comrnonly in the unlogged stands, al1 of which 

were positively correlated with the ''structure" vector. The "percent conifer" vector, along which 

percentage of conifer trees and saplings were positively correlated and amount broad-leafed litter 

and shmb density negatively correlated, did not appear to play a large role in distinguishing 

between the post-Iogged and unlogged transects, thus a logging effect was evident regardless of 

the conifer content of the transects. 

Of the species that exhibited significant negstive treatment effects (Cheilosia frisfis) and 

positive treatment effects (Temnostoma vespiforme and Toxomerus geminafus) from the 

bivariate analyses, C. trisfis was strongly associated with the post-logged transects, and found in 

the opposite direction of the "age" vector, suggesting that this species preferred younger forests, 

and a nurnber of variables, including high sapling basal area, and high tree and sapling density 

(Figure 2.7a), although its abundance was not significantly correlated with the "age" vector 
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Figure 2.7a-Redundancy Analysis (RDA) performed on abundances of syrphid species constrained with three summary 
habitat variables. Habitat variables with the highest factor loadings (component scores > +/- .20) were entered passively. 
Numbers 1-4 represent ecozones, where 1 =southernmost transects, and 4=northernmost transects. Habitat codes are 
listed in Appendix 1. Note: Axes 1 and 2 are of differing scales. 
Listed species are: C. tristis=Cheilosia trislis, S. militaris=Sericomyia militaris; To. geminatus= Toxomerus geminatus, 
and Te. vespiforme= 7emnostoma vespiforme. 
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Figure 2.7b-Redundancy Analysis (RDA) performed on abundances of syrphid species constrained with three 
summary habitat variables after the influence of age was partialled out. Habitat variables with the highest 
factor loadings (component scores > +/- .20) were entered passively. Numbers 1-4 represent ecozones, 
where 1 =southernmost transects, and 4=northernmost transects. Habitat codes are listed in Appendix 7 .  
Note: axes 1 and 2 are of differing scales. 
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(r,=-0.28, p-O. 1 9). In the constrained ordination performed after removing the influence of age, 

this species remained associated with the pst-logged transects, and was negatively associated 

wi th the "s truc tue" vector, although not significantly so (rs=û.06, p=0.79), again pre femng 

increased sapling and shrub density. It appeared that it was the habitat features, rather than the 

age of the forest that was influencing the abundance and location of this species, as it responded 

to the same features regardless of whether age was treated as a covariable or not. Toxomerus 

geminatus and Temnostorna vesp$orme were both highly associated with the first logging/age 

axis (Figure 2.7a), particularly Temnostoma vespiforme, which was highly positively correlated 

with this axis (rs=0.67, p=0.0004). Both species therefore appeared to prefer older stands and 

their associated habitat features, such as the amount of recently fallen logs, high foliage in the 

upper canopy, and increased openness in the understory vegetation. In addition, T m m e w  

gerninaius was negatively correlated with the "percent conifer" gradient (r,=-0.45, p=û.03), 

suggesting that it preferred more deciduous mixedwood forests. Once the influence of age was 

removed from the constrained ordination, Temnostoma vespi~onne was correlated with the 

"structure" vector (rs=0.50, p=0.01), a gradient along which understory vegetation openness, 

snag density were positively correlated and sapling density and basal area was negatively 

correlated (Figure 2.7b). Therefore, it appeared that the age effect was only partially driving the 

abundances of Cheilosia tristis and Temnostoma vespiyorme, with a logging effect perse, also 

evident. 

Multivariate analyses were performed on the number of species found within each 

feeding guild. The scavenger guild was omitted from these analyses as it was present in only 2 

of the 24 transects. The constrained ordinations with the summary habitat variables both 

including and excluding the influence of age showed very similar patterns, with neither one 

showing strong logging effects. Similar to the previous ordinations, an RDA with the summary 
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habitat variables exhibited an age gradient along the fiat axis (19.9%), as the age vector was 

parallel to this axis (Figure 2.8a). The saprophagous guild was most infiuenced by this gradient, 

as it was located at the far end of this mis. The other guilds were located in the direction of 

ecozone 2 transects, suggesting again that there was a higher abundance of the remaining guilds 

in this ecozone. Moreover, the location of temperature near these transects suggests that the 

increased abundance of feeding guilds, such as the phytophagous guild in these transects, may be 

related to higher temperature. The second axis explained linle of the variance (1.4%), although 

this axis appeared to be a deciduous/coniferous gradient, with variables such as higher 

percentage of coniferous mes, higher amount of moss and increased canopy openness positively 

Ioaded on this vector. Both the phytophagous and predaceous guilds responded negatively to 

this gradient, suggesting that species within these guilds preferred more deciduous habitats. As 

in previous ordinations, there was evidence of a slight ecozone gradient along the second RDA 

axis, which suggested that the conifer component of tMnsects may be higher in the more 

northem transects. 

AAer removing the effects of age from the habitat variables, the saprophagous guild 

remained strongly associated with the first axis, which represented a "structural" gradient 

explaining 1 1.7% of the variance in the data (Figure 2.8b). This suggested that this guild 

preferred higher undentory vegetation openness and reduced sapling density and basal area. The 

"canopy o p e ~ e s s "  vector was strongly associated with the second axis, which explained only 

1 -2% of the variation in the data. The broad-leaf component was higher in the negative direction 

of his vector, to which a number of the transects in ecozone two and the phytophagous feeding 

guild were associated. This suggested that the phytophagous guild may prefer greater deciduous 

content, which may be more common in ecozone 2. Again, increased temperature was 

associated with these transects. 
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Figure 2.8a-RDA on log-transformed species richness of each feeding guild constrained by three 
summary habitat variables. Numbers 1-4 represent ecozones, where 1 =southernmost transects 
and 4=northernrnost transects. Feeding guilds are pred=predators, phyt=phytophagous, and 
sapr=saprophagous. Habitat variables with the highest factor loadings (component scores > +1- .20) 
were entered passively. Habitat codes are listed in Appendix 1. 
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Figure 2.8b-RDA on log-tranformed species richness within each feeding guild, constrained by three 
summary habitat variables after the influence of age was partialled out. Numbers 1-4 represent ecozones, 
where 1 =southernmost transects, and 4=northernmost transects. Feeding guilds are listed in Figure 2.8a. 
Habitat variables with the highest factor loadings (component scores > +/- .20) were entered passively. 
Habitat codes are listed in Appendix 1. 
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The ordinations of the abundances and nwnber of species of each habitat guild allowed 

further exploration of these trends. Species abundances within each habitat guild, in addition to 

species nchness were used in these analyses, as abundances exhibited significant results in the 

bivariate analyses, hence, constraining the habitat guild abundances with habitat variables would 

aid in explaining some of those patterns. A constrained ordination (RDA) of species richness of 

habitat guilds with the three summary habitat variables revealed that most of the variation 

occumng along the first axis ( 1 3.1 %) was explained by the higher numbers of organic 

matter- and wood-inhabiting species, which were dnven by the "age" gradient (Figure 2.9a). 

These two guilds experienced the greatest responses to the sumrnary habitat variables. The 

"age/structure" gradient did not aid in the interpretation. The second axis (3.8%) was best 

explained by the "percent conifer" gradient, with the majority of guilds located in transects 

representing high amounts of moss and coniferous trees. Once age was partialled out of the 

ordination, al1 three summary habitat variables--structural features, canopy openness and percent 

conifer--were important for the larval habitat guilds (Figure 2.9b). This suggested that other 

logging-related factors independent of age were influencing the patterns observed with these 

guilds, as a higher number of the unlogged stands were located in the positive direction of the 

"stmcture" vector, which appeared to be explaining much of the variance along the first RDA 

axis. Most habitat guilds were located in the direction of this gradient, with the exception of the 

tree-inhabiting guild, which appeared to favour increasingly deciduous stands. Sirnilar patterns 

were evident with habitat guild abundances (Figure 2.10a and b), except the division of 

post-logged and unlogged stands was slightly clearer in this set of ordinations. Moreover, in 

these analyses only the wood-inhabiting guild strongly responded to the summary habitat 

variables. This guild was associated with both the age-related features, such as recently fallen 

logs, as well as the "percent conifer" gradient, which were more common in the unlogged stands, 
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constrained with summary habitat variables after the influence of age was partialled out. Numbers 1-4 
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Figure 2.10b-RDA of log-transformed abundances of syrphids grouped by their larval habitat requirements 
constrained by three summary habitat variables after the influence of age was removed. Habitat variables 
with the highest component scores (> +/- -20) were entered passively. Habitat guilds are as in Figure 2.6. 
Numbers 1-4 represent southernrnost (1 ) to northernrnost (4) transect locations. Habitat codes are listed in 
Appendix 1. Note: Axes 1 and 2 are of differing scales. 
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as evident through the separation of unlogged and post-logged stands dong the first RDA axis, 

which explained 15.1% of the variance in the data. The same pattern occurred upon the rernoval 

of age from the summary habitat variables; however, the "canopy openness" and "structure" 

gradients were influencing these patterns. Again, high numbers of logs of early decay classes 

appeared to be an important feature for the wwd-inhabiting guild which were found more 

commonly in a number of unlogged tr;rnsects. In addition, the unlogged stands appeared to 

contain more open understory vegetation and open canopy, habitat features which may be 

preferable for some of these species. 

Constraining the wood-inhabiting guild with the various woody habitat variables revealed 

a gradient along the first axis of highly decomposed wood more cornmon in the post-logged 

transects, to slightly decomposed downed wood associated with the unlogged transects (Figure 

2.1 1). Seven of the 12 unlogged stands were Iocated in the direction of the recent logs and 

snags, whilz most of the post-iogged stands were associated with the more highly decomposed 

woody variables. It is evident that the majority of these species preferred the unlogged stands, 

thus favouring less decomposed wood. 

Ecozone effect 

Mean abundance and species richness did not differ across ecozones; however, divenity 

and eveiiness differed significantly due to decreasing diversity fiom the south to the north, in 

tandem with increased evenness towards the north (Table 2.3). An ecozone effect was not 

apparent for any of the individual abundant species. Within the trophic feeding groups, mean 

abundance of each group did not differ among the ecozones; however, a significant decline in 

species richness towards the northem transects was evident for predators (F,,,=5.37, p=.0387). 
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Figure 2.1 1 -RDA on log-transformed abundances of wood-inhabiting species constrained with 
woody habitat variables. Circles represent wood-inhabiting species. Numbers 1-4 represent 
ecozones, where 1 =southernmost transects and 4=northernmost transects. Codes for habitat 
variables are listed in Appendix 1. 



119 

Similarly, species that were associated with trees exhibited a significant decrease in both 

abundances (F,,=7.72, p=.O 1 13) and species richness (F,,=4.15, p=.0544) towards the north. 



DISCUSSION 

Approximately 50% of the syrphid cornrnunity persisted throughout the entire summer, 

while the remaining species declined in abundance as the summer progressed, and were absent in 

Iate summer. The decline of rnany species over the course of the summer likely reflected the 

phenological changes of understory plants, of which the Syrphidae are important pollinators 

(Vockeroth and Thompson 198 1 ; Barrett and Helenurm 1987). Most understory plants flowered 

in the early part of the summer, providing abundant food sources of nectar and pollen. 

Syrphus ribesii was the most abundant species in the collection, and as a generalist 

species is often quite abundant regardless of the environmental conditions (Owen and Gilbert 

1989). Ternnostorna vespiforme has also been noted as being particularly abundant from malaise 

trap samples (Cicero and Barrows 2000), as observed in this study. However, as indicated by the 

close approximation to a log-n~rmal distribution, a large number of species were rare in h e  

samples. 

Sex differences 

Both treatments consistently had higher nurnbers of female syrphids. This may refiect a 

trap bias (Barrows 1986). as has ben observed from studies with disparate ratios of syrphid 

captures versus specimens reared in the lab (Maier and Waldbauer 1979). Although males patrol 

in search of mates (Waldbauer 1984; Gilbert 1986), they often remain stationary on foliage after 

feeding on the host plant. Fernales, on the other hand, tend to Ieave the blossom on which they 

are feeding soon after feeding (Waldbauer 1984), perhaps in search of oviposition sites (e-g. 

Temnostorna, see Waldbauer 1984). Females may sirnply be more active fliers than males 
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(Maier and Waldbauer 1979). Svensson and lanzon ( 1984) also collected greater numbers of 

female Metosyrphur corollae in their traps, and attributed the differences to local variations in 

the sex ratio or to females requirements for suitable oviposition sites (in this case, areas of high 

aphid densities). 

Interestingly, there was a significantly higher number of females than males in the 

unlogged transects. Although this increase suggested that there may be more suitable 

oviposition sites in the unlogged transects, because both treatments exhibited sirnilar actual 

abundances of females compared to males, it was therefore most likely that the absence of 

significant differences in the post-logged stands was due to the higher variance in those data. 

Logging effect 

The absence of significant treatment differences in richness, abundance, diversity and 

evenness of al1 species combined indicated that ecological changes may not be detected on a 

coarse-scale (family-level) approach. Despite the usefulness of higher-taxa in some biodiversity 

studies (e.g. Williams and Gaston 1994), it was evident that for the Syrphidae it is necessary to 

examine changes at the species and fbnctional levels. 

Cheilosia tristis occurred in greater abundances in the pst-logged stands and because 

there was no significant siope effect between abundances and treatment, the difference appeared 

to be due to the direct effects of logging. It was clear graphically that the abundance of this 

species was low in the unlogged sites (Figure 2.4c), which covered a range of ages, but was high 

in the post-logged transects. This response suggested that differences in abundances were due to 

Iogging-induced alterations in habitat features between treatments, rather than differing forest 

stand ages. The location of C. tt-isris on the ordinations further supported its preference for the 
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post-logged stands irrespective of stand age. Ordinations both including and excluding the 

influence of age showed that C. tristis was associated with the pst-logged stands and several 

associated habitat variables, including higher sapling basal area and tree and sapling density, 

although its association with the post-logged stands on the ordination was not as strong once age 

was removed fiom the analyses. The relationship with increased amounts of arborescent 

vegetation makes intuitive sense as this plant-inhabiting species belongs to a genus whose larvae 

feed on various plant parts, including bulbs, stems, and rootts. Some species may aIso be 

rnycophagous, feeding on decaying fungi and living in fungal h i t i ng  bodies (Williston 1886, 

Vockeroth and Thompson 198 1 ; Ferrar 1987; Sommaggio 1999) and two western North 

Arnerican species have been recorded to be living under the bark of western hemlock and 

feeding on Sap (Teskey 1976). Although this species belongs to one of the Iargest genera of 

syrphids in the Nearctic (containing 77 species [Vockeroth and Thompson 198 11, six of which 

were collected in this study), specific information for Eristalinae species, including Cheilosia, is 

scarce in North Amenca. Most of the literature suggests that this species is associated with 

plants in general, without specific indication of preferences for understory plants, shrubs or 

saplings ( e g  Vockeroth and Thompson 198 1; Ferrar 1987). More thorough investigation of the 

understory flora may better expIain the increased abundance of C. tristis in the post-logged 

stands, particularly as associations with specific floral species have not been docurnented (Owen 

198 1). The higher abundances of C. tristis in the post-logged stands may be due to the 

differences in habitat features between treatments independent of stand age, given that there was 

increased sapling density in these stands. Alternatively, this species may require decaying fungi 

as a food source, as observed with many of the European species of this genus, a feature that is 

associated with decaying downed wood. Based on the ordinations of the woody habitat 

variables, it appeared as though a number of the pst-logged stands were associated with higher 
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levels of highly decornposed wood, which may contain higher amounts of decaying fungi, thus 

harbouring higher numbers of this species. 

The significant increase of Toxomem geminarus and Temnostoma vespifonne in the 

unlogged stands was correlated with the average ages of trees in the post-logged and unlogged 

stands. Toxomerus geminatus belongs to the subfamily Syrphinae and like most species within 

this group, is aphidophagous (Ferrar 1987; Vockeroth 1992). This species has been documented 

to be an important poliinator of Viburnum spp. (Kevan et al. 1993), but is likely an important 

pollinator of other plants as well. This species is known for its presence in agricultural settings, 

particularly where corn is present, and where aphids are highly abundant (Ferrar 1987; Krannitz 

and Maun 1991). However, some aphidophagous species may survive on plant tissue and Sap in 

the absence of aphids (Schneider 1969 in Ferrar 1987) and have been documented eating larch 

saw f 1 y (Pristophora erichsonii) larvae (Ives 1 967 in Ferrar 1 9W), suggesting that the y are 

oppominists. Moreover, like many of the Syrphinae species which have been most extensively 

studied in agricultural environments, the role of this species in a forest ecosystem is poorly 

understood. This is especially true given that the genus Toxomerus is not present in Europe 

where the majority of Syrphidae studies have occurred (Gilbert 1986). Several age-related 

habitat features were correlated with the abundance of this species including tree density 

(negativel y correlated) and both the amount of foliage in the upper canopy and foliage height 

diversi ty (positively correlated). Although this species was highl y influenced by age, it appeared 

also to be negatively associated with arnount of conifer, hence prefemng areas of higher 

deciduous content. This species therefore appeared to attain highest abundance in older forests 

with high deciduous content. 

Temnostoma vespifonne is a saproxylic vespid-mimicking enstaline species, and one of 
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the only syrphids with larvae that are active borers of relatively fim wood (Ferrar 1987; Speight 

1989). The larvae have a rake of stout spines beside each anterior spiracle which facilitates 

bonng into wood (Ferrar 1987). Its negative response to logging is notable, as it corresponds to 

the situation in Europe where this species previously wide distribution bas recently become very 

localized due to loss of natural habitat (Speight 1989). Okland et al. (1996) found that 

abundances of individual saproxylic species decreased as a function of the amounts of dead 

wood and were absent below a certain threshold. This species was also positively correlated 

with foliage in the upper canopy and foliage height diversity, and as these features were also 

correlated with age, it was therefore evident that this species was predominantly responding to 

features more common in older forests. There were no significant correlations with the woody 

variables, however, its location on the ordinaticas suggested that this species was associated with 

logs of early decay classes. Although Temnosfomu vespiforme was found in sites containing 

other species within the genus, only this species within the genus exhibited significant 

differences between the treatments. This could partly be due to its association with firm wood, 

as most species within this genus use more decomposed wood as breeding sites (Waldbauer 

1984; Rotheray 199 1 ; Apneh et al. 1998). The positive association in the ordinations of 

Tenlnostoma vespij?onne with snag density and small-diameter highly decomposed snags, 

independent of age, îürther supports the fact that this species requires wood dunng its 

development. The association with highly decomposed snags suggests that these snags may be 

of firm enough quality for this species, as they have not yet fallen over. This species also 

appeared to prefer more open habitats, as evident with its association with vegetation openness 

from the 'structural' gradient, and with the canopy openness gradient, which represented high 

moss, high amounts of recently fallen logs, and canopy openness. Although it is evident that 
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canopy openness plays a role for this species, it would also seern as though the association with 

the canopy openness gradient may be due to the arnount of recently fallen logs, as expected 

based on previous studies (Ferrar 1987). 

For both Toxomem geminatus and Temnostoma vespiforme, the removal of age resulted 

in the loss of a significant treatrnent effect. The differences in these species abundances between 

treatments thus represent the possibility that these species are 'old-growth' species. Regardless 

of the fact that they did not appear to be affected by logging per se, if the predicted 

logging-associated reduction of older stands in the boreal landscape occus (Baker et al. 1996), 

then species such as these may experience declines in this ecosystem. 

Sericomyia militaris, a rarer species that was found more fiequently in the unlogged 

transects, belongs to a genus that is usually associated with decomposing and sodden peat 

(Hartley 1963; Ferrar 1987), consuming organic matter in aquatic or semi-aquatic environments 

using a filter-feeding method (Hartley 1963; Vockeroth and Thompson 1981). Little is known 

about the species in this genus and they are infiequently mentioned in papers describing 

Eristalinae larvae. As this species is dependent on semi-aquatic peat bogs, it is possible that 

these features were more frequently found in or around the unlogged stands, a hypothesis that 

can be tested by using landscape-level features of the stands. 

Functional changes within an ecosystem have been cited as being as important as 

compositional changes in documenting the impacts of human-induced disturbances (Noss 1990), 

particularly for insects (Didham et ai. 1596). In this study, patterns were revealed with both the 

larval feeding and habitat guilds. Species richness of the saprophagous feeding guild were 

associated with the "age" gradient, likely because many of these species also inhabit woody 

debris. Both the phytophages and predators exhibited higher species nchness in stands with 



126 

greater tree density and increased deciduous content, features which were more fiequent in the 

southem stands, particularly ecozone 2. increased amounts of these variables may have 

provided a greater food source for these species, including plant material, which would likely 

harbour greater numbers of aphids. Higher species richness of phytophagous species in ecozone 

2 rnay be reflecting a more abundant or diverse understory flora in this region. Because sirnilar 

patterns were observed following the removal of age fiom the habitat variables, it was evident 

that the feeding guilds were responding to specific habitat features and were not influenced 

solely by stand age. A moderate treatment effect was evident for saprophagous species richness, 

as this guild was Iocated in many unlogged stands. 

Wood-inhabiting (saproxylic) species had an affinty for unlogged transects, which was 

at least partly attributed to the older stand ages. Although species richness did not significantly 

differ between treatments once abundance was accounted for, abundances of these species were 

significantly greater in the unlogged stands. A decline in abundance was still notable as it 

suggested that the required substrate (i.e. downed wood) of these species may not be sufficient in 

the younger stands, which may have potential negative implications for the future. 

The forest stands selected in this study were al1 relatively mature and had similar tree 

species composition, so one might expect that differences in insect comrnunities between these 

post-logged and unlogged forests to be subtle. However, differences in abundance of the 

wood-inhabiting species were marked, suggesting that this group may be negatively impacted by 

clear-cut logging. Losses and declines of these wood-inhabiting species (including other insect 

taxa in addition to syrphids) has already been documented in Europe, where they are regarded as 

a threatened assemblage of insects (Speight 1989). This loss has been best documented with 

beetles. However, it is apparent that other wood-inhabiting taxa deserve similar investigation, as 
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shown here. Moreover, these insects constitute a large percentage of the syrphids found within 

the forest ecosystem, both with respect to numbers of individuals and species richness (Haxtley 

1 963), making them an ideal group to measure the impacts of forest disturbance. Because of 

their sensitivity to logging and their an important role as decomposers, they may prove to be 

good indicators of the saproxylic fiinctional group. 

A Iikely explanation for the observed increase of abundance and occurrences in the older 

stands was due to the increased woody component. Aithough age had the greatest influence on 

the saproxylic species, the wood-inhabiting group remained associated with unlogged transects, 

even after removing the effect of stand age fiom the ordinations, in terms of species richness and 

more prorninently, species abundance. Overall, it appeared that the wood-inhabiting species 

preferred greater snag density and recently fallen logs, as one would intuitively expect. An 

additional factor influencing the diversity and abundance in the group may be the greater 

diversity of wood decay classes present in the unlogged forests. High amounts of recently fallen 

logs and foliage in the upper canopy, as well as understory vegetation openness, al1 of which 

were correlated to stand age, appeared to be driving the wood-inhabiting species richness and 

abundance. This habitat guild was evidently more abundant in the northcrnmost unlogged 

transects, which represented fairty open, moss-covered understory stands of high conifer 

composition. The fact that there was a division of post-logged and unlogged transects based on 

these features also suggests that these forests differed somewhat in their structure, although 

efforts were made to control for such differences. Once the influence of age was removed from 

the variables, the response of the wood-inhabiting guild did not differ from any other guild. 

Again, there was an association with the increased species richness of the wood-inhabiting guild 

and the unlogged stands of ecozone 4. Perhaps the increased conifer content provided greater 
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amounts of wood substrate for some of these species. Moreover, many boreal species are 

usualiy species found at the northem extension of their range, rather than beiag unique to the 

boreal forest region (Danks and Foottit 1989). Because these species responded to the amount of 

conifer in the stand, they may not have been present in large numbers in the southernmost 

transects, which had a greater deciduous component at the landscape level. 

These findings, in part, support observations that logging activities reduce the structural 

legacy of forests, with resuiting detrimentai effects on the forest fauna (Hansen e! al. 1991). We 

obtained some evidence that it was logging activities per se that were influencing the syrphid 

community; however, the younger ages of the pst-logged forests appeared to be the most 

important factor. The implications of these findings are that if continued harvesting of the 

unlogged forests occurs, which reduces the number of older stands in the landscape, there will be 

a loss of species dependent on certain features of the original forests. With short rotation ages, 

post-logged stands cannot reach comparable ages to the original forests. 

Plant-feeding syrphids exhibited an opposite response to the wood-inhabiting taxa and 

were significantly more abundant in the post-logged forests. This guild, which consisted of al1 

six species of Cheilosia collected in the sarnples. exhibited a similar response to that of 

Cheilosia tristis independently. Again, once age was removed, a significant difference between 

trea tments remained, suggesting that this guild was responding p s i  tivel y to logging e ffects per 

se. The plant community presumably played a key role in explaining these patterns; a thorough 

investigation of the understory flora rnay better explain these patterns. Because both C. frisfis 

and the plant-feeding guild responded to logging-induced changes in habitat features, such as 

increased tree and sapling density, they may be potential indicators of species and guilds which 

favour early-successional, post-logged forests. High abundance and species richness of these 
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species in post-logged stands may imply that the conditions of these forests do not reflect those 

found in unlogged forest stands. 

Ecozone effect 

Decreased diversity and increased evenness towards the north supported Humphrey et al. 

( 1999) who found that more generalists exist at higher latitudes, resulting in reduced diversity. 

Changes in abundances along the north to south gradient were not evident for the seven abundant 

species. However, a number of latitudinal gradients were revealed in the analysis of the feeding 

and habitat guilds. Predaceous species (primarily aphid feeders) decreased along the south to 

north gradient. This was largely due to the increased nurnbers in ecozone 2, with a sharp decline 

in numbers further north. Additionally, species richness and abundance of tree-inhabiting 

species decreased along the south to north gradient. Many of these species were thought to be 

associated with pines, which were present in the southern sites, but did not occw M e r  north. 

An interaction between logging history and ecozone existed for the abundance of 

wood-inhabiting species, which was evident fiom the ordinations, as few of these species were 

found in the southernmost transects, but increased in abundance in the northern unlogged sites. 

This may be because these three unlogged transects in the northemost ecozone contained a 

relatively greater amount of downed wood, as evident in many of the ordinations. There was 

little evidence of a sharp turnover of species along the south to north gradient. it was possible 

that the area covered was not great enough to observe a latitudinal effect, even though the 

transects were located within three degrees of latitude, extending over hundreds of kilometres. 



Conclusion 

A number of key points emerge fiom this paper. Of the three abundant species that 

responded to the differences in treatments, only one exhibited a tme logging effect; the other two 

were highly infiuenced by the difference in ages between the pst-logged and unlogged 

transects. However, because the abundances of these latter two species (Toxomem geminatus 

and Temnostorna vespifome) were so strongly correlated with age, these species have the 

potential of being indicators of 'old-growth' conditions. Furthemore, the impacts on the 

wood-inhabiting taxa suggests that, as a group, these species may be indicators for assessing 

changes in forest conditions and determining sustainable forestry activities. In Europe, their use 

as indicators has been suggested (Speight 1989) and they may provide a more community-based 

approach for assessing forest conditions. By using a number of taxa belonging to the same 

guild, as opposed to single species, the problem of stochastic events infiuencing the abundance 

of one particular species can be avoided. Because guilds of the l m a l  stages were analyzed, yet 

collection and identification occurred at the adult stage, some caution must be taken in my 

interpretations. Ideally, larval collections would comptement this work, but this is impractical 

for such as large study because there are no keys for North Arnerican syrphid larvae and hence 

collected iarva would have to be reared to adults. Adults may be more suitable as indicators 

because of the relative ease of collecting and identification; however, a more detailed 

understanding of the habitat requirements of each species is required. This study has shed some 

light on this problem, but more in-depth investigations of species and habitat features are 

needed. Although there are a number of papers discussing the taxonomy and biology of 

syrphids, few reveal species-specific ecological data, particularly in North America. Even at the 



131 

geiieric level, there is little work on the ecology within North Arnerica, though presumably the 

genera share similar ecology to genera in Europe. Vockeroth (1992) produced an excellent and 

needed key to the Syrphinae species of North America, but this provided little ecological 

information. There is no comparable key for the Eristalinae. Adult syrphids may be particularly 

useful for investigating the impacts of disturbance on a larger scale, as syrphids are strong fiiers 

and may be able to recolonize areas fairly easy (Sommaggio 1999). For example, syrphids may 

be useful in detecting changes in landscape diversity, such as logging-related decreases in the 

stand or the widespread loss of dead woody components. 

There are a nwnber of definite responses to logging history and stand age, which opens 

the possibility that certain syrphids may be threatened in the fùture if clear-cut logging continues 

and older stands are lost from the landscape. Even decades following logging, there is evidence 

of changes in the syrphid community, which questions the sustainability of the logging practises 

used in n~rthem Ontario. A fiindamental objective of modern-day forestry is to conserve 

biodiversity, hence, greater numbers of studies need to be carried out to document further how 

logging may impact the insect fauna. Evidently, increased measures must be taken to adequately 

conserve the biodiversity of the boreal mixedwood forests in the face of ongoing clear-cutting. 



CHAPTER 3 The influence of clear-eut loggirg on generic- and species-level 

patterns of sawfly diversity (Hymenoptera: Symphyta) in boreal mixedwood 

forests of northeastern Ontario 

INTRODUCTION 

Insects play key roles in the structure and fùnction of the boreal forests (Holling 1992; 

Thornpson 1984), yet littie is known about their responses to clear-cut harvesting, now the 

dominant disturbance type in this region (Carleton and MacLellan 1994; MacDonald 1996). The 

loss of insect biodiversity resulting fiom logging has been obsewed in other forest ecosystems 

(e.g. Klein 1989; Greenberg and McGrane 1996; Watt et al. 1997), but has been examined for 

only a few taxa in boreal forests (Okland 1994; Pettersson 1994; Niemeia et al. 1996; Spence et 

al. 1996). In addition to biodiversity loss, because of their fiindamental roles as decomposers, 

herbivores and po!linators, changes within the insect cornmunity may have adverse effects on the 

overall ecosystem fùnction of the forest (Didham et al. 1996). 

Herbivores are a fùnctional group that plays an obvious role in the boreal forest 

landscape. These insects ofien leave conspicuous evidence of their presence, in some cases 

resulting in defoliation of large tracts of forest. Sawflies play a major role in the boreal forest as 

herbivores, particularly as extemal leaf feeders on trees and s h b s  (Goulet 1992; Smith 1993; 

Roller 1998). This taxonomic group, one of two suborders of the Hymenoptera, contains 14 

families, 12 of which are found in Canada; 705 species are known in 12 I genera (Goulet 1992). 

Sawflies are common insects in the boreal forest, and udike most other groups, expenence a 

reverse latitudinal gradient, increasing in species richness northward fkom the tropics to the 
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higher latitudes (Smith 1979a; Kouki et al. 1994). Sawtlies may be a valuable group for 

assessing changes caused by logging activities for two reasons: 1) they are abundant and diverse 

in the boreal region, and 2) most species are associated with one or more host plants, information 

which is known for some 50% of al1 North American species (Haack and Mattson 1993) and 

some 66% of eastem North Arnerican species (Goulet 1996). They have been well studied over 

the last century because to their economic importance in both forest and agricultural ecosystems 

(Goulet 1996), though detailed ecological information is usually restricted to the economically 

important species (Roller 1998). 

As herbivores, sawflies are thought to play a part in controlling or regulating primary 

production by hastening nutrient cycling (Golley 1972; Lee and Inman 1975) and therefore have 

been proposed as a taxon of species concern (Kouki et al. 1994). Sawflies are also essential food 

resources for several vertebrate and invertebrate predators (Kouki et ai. 1994). One study 

investigating avian predation on the larch sawfly (3ristophora erichsonii) in tamarack bogs of 

Manitoba, Cacada found that just under 80% of birds fed upon the larch sawfly, a main 

de fol iator of this tree species (Lark laricina). Avian predators responded both numerically and 

fünctionally to changes in larch sawfly populations. Areas with higher sawtly densities tended 

to have greater abundances of many bird species that cornrnonly consumed these insects 

(Buckner and Tumock 1965). Although the ecological roles of sawflies are in some cases 

well-known, the effects of clear-cutting on their populations, particularly over the long-term, 

remains unknown. 

Sawfly larvae are notonous pests in the boreal forest. A nurnber of species are 

responsible for tree mortality through defoliation, especially the yellow-headed spruce sawfiy 

(Pikonema alaskensis Rohwer), one of the most common and destructive species of spruce tree 

species (Martineau 1984). Various other leaf-feeding (often Diprionidae and Tenthredinidae: 
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Nematinae) and leaf-mining sawflies are also considered pests (Goulet 1992). Many of the most 

damaging sawflies belong to the small family Diprionidae and can cause severe damage to 

conifers (Smith 1993). Most other sawflies are not economically important (Goulet 1992). 

Despite the fact that some of the common Pest sawfiies are detrimental to coniferous trees, only 

species in the Diprionidae feed exclusively on conifers, with Parnphilidae and Xyelidae feeding 

primarily on conifers. Most species feed on deciduous plant species. It is estimated that 

between approximately 50% (Smith 1993) and 80% (Haack and Mattson 1993) of sawflies feed 

on woody plants, with the remaining species associated with herbaceous plants. 

While the potential changes in insect Pest outbreak dynamics due to forest fragmentation 

have been investigated for a number of well-known pests, such as spruce budworm and forest 

tent caterpillar (Dupont et ai. 199 1 ; Roland 1993; Roland and Taylor 1997), few studies have 

Iooked at sawflies in tems of logging. Moreover, non-pest sawflies and their responses to 

logging have not been well documented. In Sweden, Atlegrim and Sjoberg (1996) found that 

recently clear-cut forests (0-4 years) harboured a lower abundance and biomass of leaf-eating 

sawflies, which was attributed to a iow abundance of larval food. As a precwsor to that study, 

they found that the lower abundances and biomass of larval sawflies significantly lowered the 

available food source of 16 insectivorous birds breeding in the Swedish boreal coniferous fcrest 

(Altegrim and Sjoberg 1995). Long-term studies investigating mature clear-cut forests, in which 

ample food sources are presumably available, are required to fùlly understand the responses of 

sawflies to logging activities. 

Unfortunately, few cornrnunity-level studies of sawflies have been carried out, although 

RoIler (1998) investigated the sawfly cornrnunity in a nature reserve in Slovakia, in what was 

essentially a biodiversity survey within a cuitivated garden in a mountain ecosystem. In Canada, 

Goulet (1 996) conducted an assessrnent of sawfly diversity in the mixedwood plains of southem 
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Quebec and Ontario and cornpiled information fiom the available literature and the collection of 

species at the Canadian National Collection of Insects and Arachnids. He concluded that 

anthropogenic changes in the mixedwood plains ecozone had caused significant changes within 

the sawfly community. Habitat change appeared ta have aided the introduction of numerous 

foreign species and resulted in population declines of a number of native species, particularly 

those in the genus Tenthredo. 

Studies investigating the impacts of logging on sawflies are relevant for a nwnber of 

reasons. In addition to the important roles of sawflies as herbivores and prey, sawfiies provide 

an opportwiity to investigate landscape-leveI changes. A number of studies in Ontario have 

documented widespread conversion fiom conifer- to deciduous-dominated boreal forests, 

resulting frorn ongoing clear-cutting activities (Hearnden et ai. 1992; Carleton and MacLellan 

1994). Because of the strong associations of sawflies with their host plant(s), these 

landscapc-level changes m3y be reflected in the sawfly community, a large component of which 

is dependent on deciduous plant species. Additionally, sawfiies are a potentially useful group to 

document changes due to logging, as sawflies tend to reach outbreaks more fiequently in 

even-aged stands, plantations, and windbreaks than in uneven-aged or natural stands (McMillin 

and Wagner 1993). Although this only applies to the few Pest species, if homogenization of the 

forest is occumng through a shift to younger-aged forests, one might predict an increase in 

abundance in some of  the Pest species. 

Accordingly, the main objectives of this paper were: 1) to identifL differences in 

Sjmphyta communities between post-logged and unlogged forests, 2) to identie possible 

associations with various habitat variables, 3) to investigate patterns between abundances of 

sawflies and their host-plant families, and 4) to determine if a latitudinal gradient in sawfly 

diversity is present. 



METHODS 

Study design, collection methods and protocols follow the procedures outlined in Chapter 

One. Symphyta were sorted fiom Malaise trap samples and processed using the same method of 

ethyl acetate used for mounting and drymg Syrphidae specimens (see Chapter Two). One-third 

of the specimens were treated using this method at the Faculty of Forestry, University of 

Toronto; the remaining specimens were mounted and dried using the critical point method 

(Gordh and Hall 1979) by Dr. Henri Goulet at the Eastern Seed and Research Oil Centre, 

Agriculture and Agri-Food Canada, Ottawa. Al1 species identification were completed by H. 

Goulet for 73.5% of the specimens, while the remaining specimens, comprising three genera 

(Nematus, Pachynematus, Pontania (the last contained only two individuals)), were not 

identified due to lack of available keys. These specimens were therefore excluded fiom 

species-level analyses, even though they represented over one quailer of the total number of 

sawflies. Males of Ametastegio were not identifiable; however, they were classified as 

Amztastegia apertu by H. Goulet based on comparisons with females of the sarne species. The 

genera Nematus and P a c ~ e m a t u s  were distinguished fiom each other at the University of 

Toronto, based on differences in the tarsal segment on the hind leg (Goulet 1992; Goulet pers. 

comm.). Host plant information for each species was compiled from a variety of sources (Smith 

1969a, 1969b, 1971, 1979a, 1979b). 

Species- and generic-level analyses 

Species abundances were standardized for effort by calculating mean abundance per day 

for each transect during each month and then calculating the mean abundance over the three 



137 

months. Total abundance per day was calculated by obtaining the mean abundance per day of al1 

species during each monthly sample period, and then obtaining the rnean abundance for the 

entire summer. Mean species richness, mean Shannon-Weiner divenity (Hf), and mean 

evenness (see Chapters One and Two for equations) were calculated for each transect during 

each sample penod, based on the monthly means, over the entire summer. 

To test for differences in species richness between treatments afier controlling for 

differences in abundance, an analysis of covariance (ANCOVA) was performed on mean 

log-transformed species richness with mean log-transformed abundance as the covariable. 

Similar tests were perfonned for generic richness and abundance, which added another 334 

individuals into the analysis. Again, log-transformed mean generic richness against 

log-transformed produced a satisfactory linear relationship over the range of abundances 

obtained. 

A two-way randomized block ANOVA with ecozone as the blocking factor was 

performed to test for treatment differences in mean abundance per day, richness, Hf,  and 

evenness. To look for trends across ecozones, a one-way ANOVA was performed with ecozone 

as a (qualitative) covariate. Differences in abundances of the individual species and genera were 

tested via a two-sample median test, which was ideal for data with low frequencies (Zar 1984). 

Four genera (Onycholyda, Pristophoru, Nernarus and Pachynematus) were found on 1 8 or more 

of the 24 transects and hence, differences in abundance between treatments could be tested via a 

two-way randomized block ANOVA, with ecozone as the blocking factor. To satisQ the 

assumption of normality, abundances of the four taxa were rank-transformed p io r  to analysis. 



Host plant analyses 

Host plant associations were known for most sawfiies (75%) collected in this study 

(Table 3.1). A number of species were associated with more than one host plant, but in most 

cases these plant species al1 belonged to one family. Sawfly species were categorized into 

groups based on host plant families based on abundances and nurnber of species in each family 

calculated. Plants farnilies were assigned using Legasy et al. ( 1 995). Sawflies were associated 

with 15 plant families, although in some cases only a few species were associated with a given 

plant family. Most sawfly species were associated with the families Betulaceae (n= 15 species), 

and Rosaceae (n= 13 species). Unfortunately, 2 1 of the 85 species (constituting 25% of the 

abundance of recognizable species) could not be associated with a host plant family. Salicaceae 

was not a fiequently recorded family, possibly due to the fact that species of Nematus (many of 

which frsd on S a h  and Popufus in addition to other species in the family Betulaceae) were not 

identifiable to species and hence were not included in these analyses. Mean abundance of 

species associated with each plant family was calculated by obtaining the mean abundance per 

day of each species as above and then sumrning the mean abundance of al1 species associated 

with each plant family. Species richness was calculated by obtaining the mean number of 

species associated within each plant family. One species, Arge cyna, was associated with both 

Betulaceae and Salicaceae, and values for this species were included in both plant farnilies. 

Differences in abundances and species richness were tested between treatments via a two-way 

randomized block ANOVA. Differences beîween ecozones were tested with a one-way 

ANOVA, with ecozone as the covariate. Sawflies in the plant families Grossulariaceae and 

Equisetaceae were excluded ftom the analysis, as they were only present on 1 and 2 transects, 

respectively. Individuals belonging to the genus Tenthredo were analyzed separately, as they are 
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believed to be associated with various herbaceous plants and as adults are both predators and 

pollinaton (Goulet 1992, 1996), fea tws  unique to this genus. 

In addition, diversity ( H f )  and abundance of shrubs were calculated for each transect and 

compared with sawfly abundance and richness. The number of stems of each s h b  species (dbh 

> 1 cm) witb a 2-m radius was recorded at 2 1 stations along each transect (see Chapter One 

Methods for details). Abundance of s h b s  was calculated by surnming the total number of 

stems of each species observed on each transect. Diversity was calculated using the 

Shannon-Weiner formula for each transect. Differences in abundance and H' were tested using 

a two-way randomized block ANOVA. Correlations betwecn the abundance and species 

richness of sawfly genera and species and the abundance and diversity of shrubs were tested via 

Spearrnan's rank correlations. 

Multivariate analyses 

Community-level analyses were performed on the abundances of both species and 

genera. The species data exhibited high species turnover as evident by the gradient length of 3.0, 

suggesting that a unimodal response mode1 was appropnate (Jongman et al. 1995). As a result, a 

Correspondence Analysis (CA) and a Detrended Correspondence Analysis (DCA) were 

performed in unconstrained analyses. Oniy the DCA was retained for interpretation, as both the 

CA and DCA illustrated similar patterns. The genenc abundances also showed a relatively long 

gradient, hence both a CA and DCA were performed. In this case, a strong horseshoe effect was 

indicated, and therefore only the DCA ordination was retained for interpretation. Constrained 

analyses were performed using swnmary habitat variables created fiom a Principal Components 

Analysis (PCA), which summanzed 46 measured habitat variables into three components, 



representing the main gradients arnong the habitat variables (see Chapter One for details). 

Constrained analyses were also performed using three summary habitat variables after age was 

partialled out of the habitat variables. Swnmary habitat variables are listed in Chapter One, 

Table 1.8. Habitat codes are listed in Appendix 1. A Canonical Correspondence Analysis 

(CCA) was perfonned for the constrained analyses on both genenc and species abundances. 

Multivariate analyses were also performed on abundances and richness of sawfly species 

categorized according to their plant families. As in the bivariate analyses, the plant families 

GrossuIariaceae and Equisetaceae were excluded fiom the analysis as they were present on only 

I and 2 transects, respectively. A PCA was performed as the gradient length was 2.3 for the 

abundance data and 1.7 for the species data, indicating that a linear response mode1 was 

appropriate (ter Braak 1988). 



Tablc 3.1-List of families, subfamilics, and spccics of Symphyta collectcd froin Junc-early Septctnbcr 1998 with ttieir rcspcctivc host 
plants and plant farnilics. 
Family Subfaniily Specics Host plant(s) l Host plant family2 

Arge cyna Smith Beticla spp., Betula, Sulh, Alms Betulaccae; Salicacac 

Arge willi Smith Cmylirs. Betulaceae 

Ccphidae 

Cimbicidae 

Pamphilidae 

Siericiphora cntenfalprunivora 

Janus a hbreviafes (Say) 

Janus itirergczr Norton 

Zaraea injlara Norton 

Ccphalcia provancheri (tluard) 

Onycholyda excavata (Norton) 

Onycholyda luieicornis (Norton) 

Onycholyda rufofaciaia (Norton) 

Paniphiliirs ochrcaius (Say) 

Pantphilius ochr~~ipes (Cresson) 

Pamphilius pallniaculaiics (Norton) 

Pantphilius sentisinctics (Norton) 

Tenthredinidae Allaninae Allanrics irntboriatics Wong 

Anrelastegia apcria (Norton) 

Pnrnics pcnnsylvanica, Anielanchier 

Populus, Salk 

Ribes 

Lonicera 

Picea 

Corrius stalanijiera 

Rtrbics 

Unknown 

Corylus, Cornus? 

Viburnitm 

Rosa ? 

Amelanchier., Fyrus, Prunus virginiana 

Betirla papyrijern 

Unknowti 

Rosaceae 

Salicaceae 

Grossularinceae 

Caprifoliaceae 

Pinaceae 

Comaceac 

Rosaceae 

Unknown 

Bctulaccae 

Capri fol ioccae 

Rosaccae 

Rosaceae 

Betulaceae 

Unknown 





Table 3.1 continucd 
Family ~ o s t  plant(s) ' Host plant family2 

.- -- - - . . -. . - . . 
Tenthrcdinidac 

Ncmatinae 

- - . - - - - - - - - - " 

FCIWSB dohnii (Tischbcin) 

Ciadijrs drflurrrtis (Panzer) 

croc sir.^ latittrrsus Norton 

Hmichroa crocca (Fourcroy) 

Hemichroa miliraris (Cresson) 

Nematirs spp. 

Pachynemartrs spp. 

Pikonenia alaskensis (Cresson) 

Pontania spp. 

Priophoms berulae Rohwer 

Priophorus niorio Lepcletier 

Pristophoru breadalbarensis (Camron) 

Pris~opiiora cincta Newniann 

Prisropitoru geniculara (Hart ig) 

Pristopttora rirJipw Lepetc tier 

Pristophora siskiyoitensis Marlatt 

Pristopliora sp. 1 O 

Pristophora sp. 3 

Rosa 

Prunus, Anrclanchicr 

Picea 

Ber ula 

Rubus 

Unknown 

Betula, Salix, Vaccitium 

Sorbus 

Ribes 

Betitla, Altrus 

Unknown 

Unknown 

. . - A . . A - - 
Bct ulaceae 

Rosaccae 

Bctulaceae 

Bctulaccae 

Rosaceae 

Pinaceae 

Bctulaceae 

Rosaceae 

Unknown 

Betulaceae 

Rosaccae 

Grossulariaceae 

Betulaceae 

Unknown 

Unknown 



Table 3.1 continucd 
~ o s t  plant(s) l Host plant faniily2 

Sclandriinae 

Family Subfaniily Spccies 
a- - . . - - - - - - - - --- - 

Tenthredinidac Neniatinac Pris top ho rn s p.- 4 

Pristophoru sp. 9 

Pris tophora s.ycoplianta Walsh 

Pristophova zellu Rohwçr 

Pseicdodineura rileda Smith! 

A neicgmenus fia pipes (Norton) 

Birka nordicn Smith! 

Doloms apricics (Nonoii) 

Dolorus elderi elderi Kincaid 

Dolortrs gessneri Andrç 

Dolorus gilvipes albijirons (Norton) 

Bolones hebes Goulet 

Dolonrs neosericeus MacG i l l ivra y 

Dolorus subfasciarus Smith 

Heniitaxonus albidopicrus (Norton) 

Strongylogaster inpressara Provancher 

Srron~logaster mul~icincta Norton 

Selandriinae Strongvlogaster soricitlatips Cresson 

. - --. - - - - . . 

Unknown 

Uiiknown 

Salk 

Rubtcs, Gercm, Potenrilla, Rosnceae 

Unknown 

Pteridiium aquilinuni 

Unknown 

Equisetum 

Equisetum 

Equisetum 

Equisetum 

Grasses 

Grasses 

Equisetim 

OnocIca sensiilus and Osniunda 

Preridium aquilinuni 

Pteridium aquilinum 

Pteridiuni aquilinum 

. - - - - - 

Unknown 

Unknown 

Salicaceae 

Rosaceae 

Unknown 

Pol ypodiaceae 

Unknown 

Equisetaceae 

Equisetaceae 

Equisetaceae 

Equisetaceae 

Graminae 

Graminae 

Equisetoceae 

Dryopterodaceae 

Pol ypodiaceae 

Pol ypoâiaceae 

Pol ypodiaceae 



Family Subfamily Specics 

-- - - - - - - - - - - - -  - .- - -. 
~enthredinidac ~enihredininae ~ ~ l & s t @ n a  qirall~rordccinip~r~ic~a~~rni (Norton) 

Dir~iorpitopter-yr yirrgitis (Norton) 

Leitcopel~~rorirttrs mi II itlicornis ( H arrington) 

Macropiiya flavolittearo (Norton) 

Macrophya trisyllaba (Norton) 

Macrophya varia (Norton) 

Pachyprotasis rapae (Linncaus) 

Tenlhredo colon Klug 

Tenthredofi.aternaIis1 nsp. in rcvision 

Tenthredo Ieucostonral nsp in  rcvision 

Tenihredo leucostonia2 n.sp. in revision 

Tenrhredo piceockcla (Norton) 

Tenthredo plcuraris Cresson 

Tenthredo rurigena MacG il1 ivray 

Tenthredo secunda ( MacGillivray ) 

Tenh-edo varians Norton 

Tenrhredo verticalis 1 n.sp. in revision 

Host plant(s) ' Host plant family2 

- - -- - -- 
Belirlo 

Beticln, Alnics incam, hielarichier? 

Unknown 

Unknown 

Sombucus puberts 

Unknown 

Solidago, Scrophularia, Fraxinus 

Herbs, predaceous 

Herbs, predaceous 

Herbs, predaceous 

Herbs, predaceous 

Herbs, predaceous 

Herbs, prednceous 

Herbs, predaceous 

Herbs, prcdaceous 

Herbs, predaceous 

Herbs, predaceous 

- - -. - - - - - - . . 
Bctulaccac 

Bctulaceac 

Unknown 

Unknown 

Capri foliaceae 

Unknown 

Betulaceae 

Predaceous 

Predaceous 

Predaceous 

Predaceous 

Predaceous 

Prcdaceous 

Predaceous 

Preduccous 

Predaceous 

Prcdnceous 

' ~ o s t  plant information for each species was compiled from Smith 1969a; 1969b; 197 1 ; 1979a; 1979b. 
 a ami lies to which host plants bclong werc assigned using Legacy et al. (1995). !Considerd locally rare. 



RESULTS 

Malaise traps yielded 1 264 individuals in five families and 40 genera (Table 3.1 ). The 

majority of the total sample consisted of individuals found within the family Tenthredinidae 

(89%), with the remaining families consisting of Parnphilidae (8%), Argidae (1.7%), and 

Cephidae (< 1 %) and Cimbicidae (c 1 %). Within the family Tenthredinidae, six subfarnilies were 

collected. Nematinae was the most abundant subfamily (67.7%), followed by Allantinae 

(1  4.3%), Tenthredininae (7.2%), Selandriinae (5.6%), Blemocarnpinae (4.7%) and 

Heterarthrinae (0.36%). Specimens identified to species included 930 individuals in 85 species, 

with two especially abundant species (Pristophora cincta and P. zella), compnsing respectively 

1 1.6% and 12.2% of al1 identifiable species. Pristophora cincta feeds on Betula, Sak  and 

Vaccinium, while P. zefla feeds on species of Rubus, Potentilla, Geum and other plants 

belonging to the family Rosaceae. Of the seven species that constituted greater than 5% of the 

sample, Pristophora spp. made up half. Overall, 42% of the recorded species, in terms of 

abundance, were in this genus. These fiee-foliage feeding species are associated with 

herbaceous plants, sedges, and grasses (Goulet 1996). Only eight of the 85 species were present 

in greater than 12 transects, including: Ametastegia aperta, Onycholyda lutecornis, Onycholyda 

ntfo fasciata, Pristophora cincta, Pristophora rufipes, Pristophora zella, Pristophora sp. 9, and 

Taxonus borealis. Specimens that could be identified only to genus constituted 26.5% of the 

sampie. No sawflies were collected from one post-logged site in the northernrnost ecozone. 

Two of the collected species were considered rare in Ontario by H. Goulet (pers. comm.): 

Pseudodinerrra rileda Smith and Birka nordica Smith. Distribution information was not 

available for P. rileda, although other species of Pseudodineura have been recorded from the 

western United States and one other species of the same genus is known from Maine to 
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Philadelphia (Smith 1979a). B. nordica bas a distribution encompassing Manitoba, Alberta, 

Yukon, Alaska, and British Columbia. Only a few notonous pest species were collected and at 

low abundances. Pikonema alaskensis, the yellowheaded spruce sawfiy, only constituted 1% of 

the total sawfly abundance. Croesus lafitarsus, the dusky birch sawfly and Arge pec!oralis, the 

birch sawfly, are both birch feeders and constituted only 1 .1  % of the sample. PRsfophora 

geniculata, the mountain ash sawfly, is usually a problem in gardens and around properties, not 

in forests (Raizeme 1957), and causes little lasting damage to trees (Johnson and Lyon 1988). 

Hemicroa crocea and Fenusa dohmii are defoliators or miners of alder species (Smith 197 1 ; 

Goulet 1992, 1996). 

A rank-abundance graph revealed the two highly abundant species, a small number of 

rnoderately abundant species, and many rare species (Figure 3.1). 

Species occurrences over time showed a pattern similar to that exhibited by Syrphidae 

(Chap ter Two). They reached their peak diversity early in the summer, and declined as the 

summer progressed (Figure 3.2). About half of the species in the sample were collected during 

the first part of the sumrner, but were absent by mid-summer. The other half were found 

throughout the entire summer, except for the very end of the sampling (late August/early 

September), when only one species (Pristophora rujipes) was captured. 

Logging effect 

The number of species and genera increased with abundance respectively, (Flz=l 12.7, 

pc.000 1) and (FI,,= 16 1 S8, pc.000 l), however, the significant interaction between both 

log-transforrned number of individuals of species and abundance (Fl,,=6.62, p0.O 1 ; Figure 3.3) 

and log-transfonned generic richness and abundance (F,,=4.88, p 4 . 0 4 ;  Figure 3.4), was 



Species rank 

Figure 3.1-Rank abundance curve of Symphyta species collected from June to early 
September 1998 in the boreal mixedwood forests of northeastern Ontario. 

3-Jun 13-Jun 23-Jun 3-Jul 13-Jul 23-Jul 2-Aug 12-Aug 22-Aug 1-Sep 11-Sep 

Date of Capture 

Figure 3.2-Presence of Symphyta species ranked according to their mean capture date 
from June to early September 1998. Six main collections occurred: June 13- 1 8; June 
29-July 3; July 14-1 8; July 29-August 2; August 13-1 7; August 28-September 1 .  



1 ' 
1 post-iogged 

O unlogged 

O 0.5 1 1.5 2 2.5 3 3.5 

Mean species abundance (log-transformed) 

Figure 3.3-Mean species nchness plotted against mean species abundance within each 
post-Iogged and unlogged transect 

l 
1 post-iogged 

O 0.5 1 1.5 2 2.5 3 3.5 

Mean generic abundance (log-transformed) 

Figure 3.4-Mean generic nchness plotted against mean generic abundance within each 
post-logged and unlogged transect. 
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observed. The same result for genera also was obtained even afier removing the highly abundant 

genus Pachynernatus (F,,=4.88, ~=0.04). These interactions indicated that richness in the 

post-logged transects was accumulating at a slower rate than in the unlogged transects. The 

unlogged stands tended to harbour greater number of species and genera for a given abundance, 

especially at high abundances. 

None of the differences in abundance, richness, evenness and diversity between 

treatments were significant for either species or genera, nor was variation along the latitudinal 

gradient (Table 3.2). Results of the rnedian test for individuals species exhibited marginally 

greater abundance in the post-logged stands for three species: Janus interger, Pamphiiius 

oclireipes, and Sfrongylogaser soriculatipes (al1 three species: 2=1.90, p=0.058, df= 1). No 

significant differences in abundance between treatments for the four common genera were 

observed: Nemaius : F,22<0.0 1, p=0.98, Onycholydo : F,,=0.69, p=0.42, Pachynematus : 

F, ,?<O.O 1, p=0.95, Pristophora : F,,=2. i 1, p=O. 16. 

Host plant analyses 

Differences between treatments were not evident with respect to sawfly abundances or 

species richness in the various host plant families (Table 3.3a and b). Only sawfly species 

associated with Pinaceae experienced a significant Iatitudinal gradient effect, with greater 

abundance (Fl,,=4.72, p=0.04) and number of species (Fl,=9.6 1, p=O.OOS) present in the 

southern transects (Figure 3.5a and b). These results onIy refer to individuals with d b h 4  

belonging to the family Pinaceae, not larger saplings or trees. 

Shrub abundance (F,,=0.35, p=0.56) and diversity (Hf) (F,,,=1.20, p= 0.29) did not 

di ffer significantly between treatments (Table 3.4). However, there was significant interaction in 



Tablc 3.2-Specics and gcncric mcasurcmcnts of abundancc, spccics richncss, divcrsity and evcnness witliin cach ccozonc and bctwecn 
post-logged (PL) and unlogged (UL) treatments. Tests of trcatmcnt and ccozone cffccts arc also given. 
Specics Ecozone 1 Ecozone 2 Ecozonc 3 Ecozone 4 Overall logging e ffect ' ecozone e ffcct ' 

df=1,22 df= 1,22 
PL UL PL UL PL UL PL UL PL UL 

abundancc 4.881 1.9 2.6510.5 6.351 1.9 2.8310.7 5.321 1.9 3.80k 1.0 2.1610.5 4.491 1.4 5.010.9 3.310.5 F= 1.3 p-0.27 F=O.IO p=0.76 

richness 3.3610.7 3.4410.9 6.9412.2 4.441 1.6 4.56~2.2 1.4410.6 1.3310.5 5.3912.4 4.2710.9 3.6610.8 F=0.10 p=0.76 F=0.53 p=0.47 

cvenncss OS6*O. 1 0.6010.1 0.5610.1 0.5910.1 0.7710.0 0.5810.1 0.3310.1 0.78~0. 1 0.5710.1 0.6310. 1 F=0.92 p=0.35 F=0.08 p=0.77 

Ccnera Ecozone I Ecozone 2 Ecozone 3 Ecozonc 4 Ovcrall logging effect ecozone effect 

abundancc 1.1910.5 0.81 10.2 3.07k 1.2 0.81 20.3 1,5410.8 0.3810.2 0.4510,2 1,55i0,8 1.6520.4 0.8910.2 F=2.68 p=O. 12 F-0.18 p=0.68 

richness 2.71 10.6 3.67i0.9 6.061 1.6 4.!iOk 1.6 3.941 1.7 1.5010.6 1.6710,6 5.0012,O 3.7710,7 3.64k0.7 F=0.18 p=0.68 F=0.51 p=0,48 

H ' 0.5910.2 0.93i0.2 1.1410.3 1.0010.3 0.7910.3 0.35k0.2 0.4310.2 0.9910.3 0.7710.1 0.81 10.1 F-1.41 p=0.25 F=1.71 p=0.21 

evcnness O.4310,I 0.5610.1 0.5810.1 0.5520.2 O.6210,I 0.41 20.1 0.44k0.2 O.72kO. 1 0.5210. 1 0.5610.1 F=1.57 ~ ~ 0 . 2 3  F=3,28 p=0.09 

 iffe fer en ces between treatments (post-logged and unlogged transects) were tested via a No-way randomized block ANOVA with ecozone as a blocking factor. 
Différences along the latitudinal gradient (ecozone) were tested via a one-way ANOVA, with eçozonc as a covariate. 



Table 3.3a-Mean abundance per day of sawflics associated with tlicir Iiost plant family within post-logged (PL) and unloggcd transects (UL) 
within each ecozone. Tests of logging and ecozone cffccts are shown witli significant p-values indicated with an asterisk. 
Plant family Ecozonc 1 Ecozonc Ecozonc Ecozonc Ovcrall Logging Ecozonc 

2 3 4 cffcct' cffcct' 
---- - - ---------- - --- - -- -- - - - --- -- -- -.-Fm-- 

PL U t  PL UL PL UL PL UL PL UL 
. --.---Lu .-. .---- -. -. -. - .-.--A- --- ----- 

Betulaceae 0,0410.02 0.071.01 0.161.04 0.031.03 0.061.01 0.041.01 0.011.01 0.04î.02 0.071.02 0.051.01 Fz2.42 F=1.85 

Salicaceae 

Equisetiicçae 

Pol ypodiaceae 0.0010 0.0010 0 .02~02 0.02i.02 0.071,06 0.011.01 0.0010 0.021.01 0.021.02 0.011.01 F=O.42 Fz0.38 

Dryopterodaceae 0.0010 O.04î.O t 0.01 î .O1 0,OûîO 0,021,01 0.0010 0.00î0 0,OI 1.01 0,01 IO 0.01 1.01 F4.36 Fz2.12 

Violaceae 

Grarninae 



Table 3.3a continucd 
Plant family 

prcdatory 

Pinaceac 

Grossulariaceae 

Cornaceae 

Capri foliaceae 

Ranunculaceae 

Compositae 

unknown 

Ecozonc 1 Ecozonc Ecozonc Ecozonc Ovcrall Loggiiig Ecozonc 
2 3 4 

. - - . .. . - - .. - . -. . . -  .. .. . - ~- .- . . . - . .. - - . -. . . effcct' . - effcct' 
PL UL PL UL PL UL PL UL PL UL 

'A logging effect was tested with a two-way randomized block ANOVA with ecozone as the blocking factor. An ccozone effect was tcstcd 
with a one-way ANOVA with ccozone as the covariatc. 



Table 3.3b- Mean numbcr of sawfly spccics associatcd witli thcir host plant family within post-loggd (PL) aiid unloggcd transects (UL) 
within each ecozone. Tests of logging and ecozone effccts are shown with significant y-values indicatcd witli an asterisk. 
Plant family Ecozonc Ecozanc Ecozonc Ecozonc Ovcrall Logging Ecozoiic 

1 2 3 4 - - p- -- - - -- --- - - - - - . - - . ---- - - - .. . - - . . - -. - - -- - cffcct cffcct 
-. . - - - .- . . .- ..-.----.--.---A++ 

PL UL PL UL PL UL PL UL PL UL 
*--- -- - . . . - - --- -.. - - -  - -  - - - .  

Bctulaceae 1.0010.6 1.6710.3 2,6710.9 1.0010.6 2.00t0.6 1.0010 0.3310.3 2.3311.2 1.510.4 1,510.3 F=0.09 Fz0.07 

p=0.77 p=0.79 

Salicaceae O.OûîO 0.0010 1.00î0.6 0.6710.3 1.6710.9 0.0010 0,3310.3 1.0010 0.7510.3 0,4210,2 F=1.03 F=1.80 

p=0.32 p=O. 1935 

Equisetaceae 0.0010 0.0010 0.0010 0.33~0.3 0.00î0 0.00î0 0.0010 0,3310.3 010 0.1710,l F=2,11 F=0.43 

p=0.16 p=0.5198 

fol ypodiaceae 0.0020 0.0010 0.6710.7 0.6710.7 1,67î1,2 0.3310.3 0,0010 0.67î0.3 0.5810.4 0.42k0.2 F=O.17 F=0.53 

p4.68 p=0,4764 

Dryoptcrodaceac 0.00î0 1.0010 0.33î0.3 0.0010 0.67î0.3 0.0010 0.0010 0,3310.3 0,2510. 1 0,3310.1 P O .  18 F-0.93 

Violaceae 

Graminae 

p=0.68 p=0,346û 

0.00î0 0,3320.3 1.33î0.7 0.0010 1.0011.0 0.0010 0.0010 0.6710.3 0.5810.3 0.25*0.1 F=0.88 Fz0.05 

p=0.36 p=0.8318 

0.0010 0.0010 0.33~0.3 0.6710.7 1.3310.) 0.00*0 0.00k0 1.00î0.6 0.4210.2 0.4210.2 F-0.00 F=1.35 

p=I.ûûO p=0.2590 

Rosaceae 0.3310.3 0,0010 1.33î0.3 1.0010 1.0010 1.0010 0.3310.3 1.0010 0.7510.2 0.7510.1 F=O.OO F=1.88 

p= 1.000 p=O. 185 1 





post-logged 

0 unlogged 

2 3 4 

Etozones (South to North) 

1 2 3 4 

Ecozones (South to North) 

Figure 3.5-Mean (a) species richness and (b) abundance of sawflies associated with Pinaceae 
in the post-logged and unlogged transects along a south to north gradient. 



H' between treatment and ecozone, when ecozone was treated as a covariable (F,,=5.08, 

p=O.O 1). This was due to the large difference in H f  between the post-logged and unlogged 

transects in ecozone 4, relative to the other ecozones. A negative correlation was present 

between mean genenc abundance and shrub diversity (rs=0.41, p=0.05) and both species 

abundance (rs=0.5 1, p=0.01) and diversity (rS=0.46,p--0.03) was significantly negatively 

correlated with shrub diversity. 

Table 3.4-Mean abundance and diversity of shni'as within each ecozone 
and between post-logged (PL) and unlogged (UL) treatments. 

Location Treatment Abundance H' 
Ecozone 1 PL 80.331 18.8 1.1 110.2 

UL 1 10.0133.1 1 .O 1 10.2 
Ecozone 2 PL 96.0k36.7 1.06r0.2 

U L  151.67î 17.3 1 .O5 *O. 1 
Ecozone 3 PL 193.01 122.0 0.6610. 1 

UL 194,33122.0 1.02k0.2 
Ecozone 4 PL 92.67î 18.2 1.42,O. 1 

UL 84.33139.3 0.5010.2 
OveralI PL 115,5=30.9 1.0610- 1 1 

UL 135.1 I 17.7 0.90*0.1 

Multivariate analyses 

A DCA of log-transformed species abundances resulted in a triangular pattern of species 

and stands, in which five transects containing five species were distinct fiom the remaining data 

points (Figure 3.6). The species in this cluster included Strongyiogaster soriculatipes, S. 

nzrtlticincta, Stericiphora cruentdprunivora, Pristophora cincta, and P. sp.3. There was only 

one record of Stericiphora cruenta~prunivora in the samples. This unique cluster of transects, al1 

but one of which were found in ecozone 1, explained most of the variation along the first axis 

(49.4%). Along the second axis, which explained 34.4% of the variance, there was an 

approximately even spread of species. No treatment effect was evident fiorn the ordination. 

Southern ecozones tended to be located at the left of axis one and at the bottom of axis two, and 



northem ecozones at the top of axis two. 

A DCA on the log-transfonned abundances within genera also did not reveal any logging 

effect (Figure 3.7). Transects within the same ecozone tended to be located near one another; 

however, no latitudinal gradient was present. A number of unique genera were associated with 

one of the post-logged transects in ecozone 1. 

Both the species and generic data were constrained by the three summary habitat 

variables, with and without the influence of age. A CCA petformed on the species data indicated 

that the "age" vector was influencing the first axis (27.4%), with a nurnber of unlogged transects 

and associated species located at older ages (Figure 3.8a). This suggested that age-associated 

feahires may be important for a small number of species. However, there was no indication of a 

strong logging effect. The second axis explained nearly as much variation as the first axis 

(24.1%), and was largely explained by the "percent conifer" vector, along which the number of 

coniferous trees and saplings were positively loaded, and broad-leaf litter negatively loaded. 

Many species were located in the opposite direction of this vector, suggesting that a number 

species were associated with stands of greater deciduous content, which was also evident fiom 

their positive association with the broad-leaf litter variable which was passively entered into the 

ordination. AAer removing the influence of age fiom the sumrnary habitat variables, five 

unlogged transects were located in the direction of the "structure" vector (Figure 3.8b). This 

vector represented features such as greater openness of the understory vegetation and high snag 

density. A number of species were located in the negative direction of both the "canopy 

openness" and "percent conifer" vector, representing transects with lower moss content, an 

increasingly closed canopy, as weH as low coniferous content. As observed in the constrained 

analysis including age, a number of species appeared to favour increasingly deciduous 

conditions, and were found in transects with higher broad-leaf litter content, a variable which 
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was also negatively associated wiih the conifer gradient. Again, a logging or ecozone effect was 

not strong. 

A CCA of generic abundances resuited in two more or less distinct clusters of transects 

along the first axis, both containing a rnix of pst-logged and unlogged transects from al1 

ecozones (Figure 3.9a). In this case, the "percent conifer" vector was influential in explaining 

variance along the first axis (9.3%). Variation along the second axis was explained by the "age" 

vector (7.7%), along which a number of genera uncornmon in the samples appeared to be 

strongly influenced. This pattem may have been observed due to the tendency for rare species to 

be emphasized in CCA ordinations. This ordination differed fiom the species-level analysis in 

which the "age" vector was most influential in explaining the variation in the data, whereas in 

this case, the conifer/deciduous gradient was the most important feature. In both cases, the 

"age" and "percent conifer" gradients were almost orthogonal to one another, suggesting that the 

habitat features they represented were independent of one another. Once "age" was partialled 

out of the ordination, a similar pattern of transects seen in the constrained analysis including age 

was observed, in that two clusters of transects were present (Figure 3.9b). The group located on 

the positive section along the first axis was associated with increased temperature, broad-leaf 

content and shmb density, features that were negatively correlated with the "percent conifer" and 

"canopy opemess" gradients. 

A PCA on the abundances of sawflies associated with various plant families explained 

60.8% of the variance in the data along the first mis, which was chiefly due to the high 

abundances of sawflies in a few transects (Figure 3.10a). No patterns of treatment or ecozone 

were evident from this ordination. Abundance of species that fed on Caprifoliaceae were 

associated with a post-logged transect in ecozone one. The PCA based on the nwnber of species 

associated with each plant family revealed a similar pattem, in that the fmt axis represented a 
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gradient of high species ric hness, explainhg 40.5% of the variance (Figure 3.1 Ob). Again, no 

pattern among the treatments or ecozones was present, and about onequarter of the transects 

were associated with high species nchness, with the remaining transects barbouring relatively 

few species within each host plant farnily. A high amount of variation was explained along the 

second axis (1 5.5%), but no easily interpretable patterns were observation along this axis. In 

both ordinations the abundance and number of species of the predator group (Tenthredo) was 

distinct fiom al1 other host plant groups. 
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Figure 3.6-Detrended Correspondence Analysis (DCA) on log-transformed sawfly species 
based on the covariance matrix. Circles represent individual species and the numbers represent 
transects located in the southernmost (1) to northernrnost (4) locations. Species codes: P. cincta= 
Prisophora cincta; P.sp. 3=Pnstophora sp. 3; Str. soricu/atipes=Strongy/ogaster soriculatipes; 
Str. mi/icincta=Strongy/ogaster milicincla; Ste. cruenta or prunivora=Stedctiphora cruenta or prunivora. 



A Post-logged 

O Unlogged 

DCA 1 (27.2%) 

Figure 3.7-Detrended Correspondence Analysis (DCA) on al1 log-transformed sawfly genera 
based on the covariance matrix. Circles represent individual genera and the numbers represent 
transects located in the southernmost (1 ) to northernmost (4) locations. 
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Figure 3.8a-CCA performed on abundances of sawfly species constrained with three summary 
habitat variables. Original habitat variables with the highest loadings (component scores > +/- 0.20) 
were entered passively. Circles represent individual species. Numbers 1-4 represent ecozones, 
where 1 =southernmost transects and 4=northernmost transects. Habitat codes are listed in Appendix 1. 
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Figure 3.8b-CCA performed on the abundances of sawfly species constrained with three summary 
habitat variables excluding the influence of age. Original habitat variables with the highest loadings 
(component scores +1- 0.20) were entered passively. Circles represent individual species. 
Numbers 1-4 represent ecozones, where 1 =southernmost transects and 4=northernmost transects. 
Habitat codes are listed in Appendix 1. 
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Figure 3.9a-CCA performed on abundances of sawfly genera constrained with three summary habitat variables. 
Original habitat variables with the highest loadings (component scores >+1-0.20) were entered passively. Circles 
represent individual genera. Numbers 1 -4 represent ecozones, where 1 =southernmost transects and 4=northernmost 
transects. Habitat codes are listed in Appendix 1. Ci 
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Figure 3.9b-CCA of generic abundances constrained with three summûry habitat variables 
after the influence of age was partialled out. Original habitat variables with the highest loadings 
(component scores >+1-0.20) were entered passively. Circles represent individual genera. 
Numbers 1-4 represent ecozones, where 1 =southernrnost transects and 4=northernmost transects. 
Habitat codes are listed in Appendix 1. 
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Figure 3.lOa-PCA on the abundance of sawflies in host plant families. Plant families 
are: Bet=Betulaceae; Caprif=Caprifoliaceae; Comp=Compositae; Corna=Cornaceae; 
Dryop=Dryopterodaceae; Comp=Compositae; Gramin=Graminae; Pina=Pinaceae; Pred=predators; 
Polypod=Polypodiaceae; Ranun=Ranunculaceae; Rosa=Rosaceae; Sali=Salicaceae; Unk=unknown. 
Nurnbers 1-4 represent ecozones, where 1 =southernmost transects and 4=northernmost transects. 





DISCUSSION 

Despite the relatively diverse collection of sawflies in this study, a substantial proportion 

of the specimens belonged to the subfamily Nematinae, which included two of the most 

abundant genera that could not be identified to species (Pachynernatus and Nematus) as well as 

the species of Pristophora. Collectively, these three genera constituted one-half of the total 

number of specimens collected. This finding supports the conclusion that Nematinae is a t a o n  

associated with the boreal region and may be responsible for much of the diversity found in the 

boreal forests (Smith 1979; Kouki et al. 1994; Goulet 1996). The disproportionately high 

abundance of this subfamily may be due to the increased richness of certain plant resources, 

particularly the higher diversity of Salir species towards the north, as observed in Europe (Kouki 

et a[. 1994). Interestingly, the two most abundant species, Prisrophora cincta and P. zella, did 

not have unusual larval host plant associations relative to al1 the other species. However, P. 

cincta feeds on host plants belonging to three different families of plants, and as a result may 

have been present in forests containing various plant cornmunities. 

Few of the 85 identifiable species were considered to be major insect pests in the forest 

ecosystem. Although many sawfly species may be active defoliators, the majority have been 

judged to be of minor or no economic importance (Smith 1979a; Goulet 1996); however, they 

are likely to play an important role in terms of ecosystem function (Kouki et ai. 1994). Few 

studies have investigated the overall sawfly cornrnunity in any ecosystem (Goulet 1996; Roller 

1998), especially in the boreal forest ecosystem, where ecological studies have predominantly 

focussed on specific problematic species (e.g. Griffiths et al. 1959). 

The presence of species over the course of the summer in two more or less distinct 

cohorts may be explained by two waves of species emerging, similar to Roller (1998), who 
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found two groups of species emerging over the surnrner: one in the early summer (April, May) 

and a second in the later part of the summer (August, September). This also corroborates other 

studies in Germany that found two waves of species captured fiom malaise traps, one in May, 

and the second in July and August (Mohr and Koch 1991 in Roller 1998; Ritzau 1995 in Roller 

1998). Most sawfly species are univoltine, however, under appropriate conditions some species 

rnay exhibit more than one generation per year (Knerer 1993). The presence of numerous sawfly 

species throughout most of the collection period suggested that many species is bivoltine. 

Logging effect 

The strong associations of sawflies with their host plants may explain why differences 

beiween the logging treatrnents were no? found with respect to overall species abundance, 

richness, diversity, or evenness. Witbout marked differences in the plant communities between 

treatments, differences in the sawfly cornmunity may not be found. Because the design of the 

study aimed to control for compositional differences in the stands, a lack of a treatrnent effect 

rnay indicate that the abundances of larval feeding resources overrode any other impacts 

imposed by logging. In keeping with this hypothesis, preliminary analyses of the understory 

plant community within the transects have indicated little evidence of a logging effect (T. 

Gradowski, pers. comm.). Instead, a strong effect due to the blocking factor was observed, 

similar to the pattern in Figures 3.6 and 3.7 

An ANCOVA revealed that for both species and generic richness, number of species and 

genera were accumulating at a lower rate in the pst-logged forests relative to the unlogged 

transects. One possible explanation for this may be a higher degree of plant heterogeneity in the 

unlogged stands, providing a greater variety of host plants on which greater number of sawflies 
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could feed. However, s h b  diversity showed only a slightly higher value in the pst-logged 

transects, suggesting that this feature was not very influential in explaining the observed 

patterns. The higher rate of increase in species and genera in the unlogged stands may be due to 

the older age of the unlogged stands, although an increase in understory vegetation openness 

(correlated with the first "age" gradient) seems counterintuitive for species that feed on plant 

material. Based on visual inspection, the cornparison of richness against abundance between 

treatments revealed a slightly greater difference in the generic ansilysis, possibly due to the 

addition of Nematus and Pachynematus abundances. The addition of Pachynematus specifically 

may have been the main influence as this genus was one of the most abundant, second only to 

Pristophora. Two of the post-logged transects in ecozone 2, which contained relatively higher 

numbers of most taxa, had almost double the abundance of this genus relative to the rest. 

Removing Pachynematus from the analysis did not alter the observed results, and again the 

ANCOVA indicated dirTerent slopes. Most Pachynematus are associated with herbaceous 

plants, mostly sedges and grasses (Smith 1993), features which may have been more cornmon in 

ecozone two, while many Nematus fed on SalUr. Both of these taxa are solitary species (Le. not 

gregarious feeders) (Heitland and Pschom-Walcher 1993). 

The lack of latitudinal gradients among overall species and genera abundances, nchness, 

diversity, or evenness suggested that sawflies at both taxonomic levels were equally abundant 

and diverse throughout the boreal mixedwood forest region, which was likely true for their host 

plants. In this study area, which spanned approximately three degrees of latitude, there was little 

evidence of a change in the sawfly community fiom the southem boreal towards the northern 

region. Although others have found an increase in diversity and abundance from the south to 

north (Smith 1993; Kouki et al. 1994), the area covered in this study may not have been great 

enough to observe these differences. Moreover, many previously observed differences were due 



to increased diversity of Nematinae, including the two abundant genera, Nematus and 

Pachynematus, which were not identified to species in this study. 

Host plant analyses 

The latitudinal gradient of transects from south to north was evident among the species 

associated with Pinaceae, which declined in both abundance and number of species towards the 

north. Only two species in the collection, Pikonema alaskensis and Cephakia provanchen', 

actually fed on conifer species, and in this case, only on white and black spruce. Neither of these 

species were particularly abundant, with only one individual of C. provancheri and 13 of P. 

alaskensis captured. Their decline towards the north may have suggested that availability of this 

resource was reduced in the north; however, this seems unlikely, given that the arnount of 

conifer increases towards the north, fiom the borea! mixedwood region towards the pure black 

spruce stands. Pikonema alaskensis is known to prefer younger, low density and open stands, 

prefemng to feed on Young, small seedlings and saplings (McMillin and Wagner 1993), and 

infrequently attains Pest status in closed stands (Popp et al. 1986). Perhaps southem areas 

contained more preferable habitat for this species. 

Community-level analyses failed to provide many observable patterns in the species or 

generic data with respect to disturbance by logging, even with classification of abundances 

through host-plant associations. Apparently, most of the sawflies' food sources are highly 

abundant in the mature stands of the boreal mixedwood forest region. At the species level, there 

were a few species that were associated with transects correlated to age-related variables, 

suggesting the importance of features such as foliage in the upper canopy and a decreased 

understory vegetation density. While a few species and genera tended to be restricted to some of 



the older transects, many sawfiies revealed a fairly strong association with stands of  higher 

deciduous content. Sawflies are herbivores, and it was expected that some aspects of the plant 

community would drive major patterns of comrnunity variance, and in this case, many species 

preferred stands of greater deciduous content. A more complete test of this hypothesis will 

require better information on plant communities. 

Associations of sawflies and their host plants rnay provide the potential for 

iandscape-level analyses investigating the conversion of boreal forests from conifer- to 

deciduous-dominated forests (Heamden et al. 1992). Large-scale areas that have been 

previously logged may contain greater nurnber of sawflies, particularly those that are associated 

with deciduous tree species. The positive association between sawflies and the deciduous 

content of the stands tùrther suggested that conversion to increasingly deciduous forests rnay be 

reflected in the sawfly community. Because this study focussed on stand-level changes, it was 

not possible to test this hypothesis. Due to their relationships with the plant community, sawflies 

rnay not be ideal in attempts to document within stand-level impacts of logging, while 

simultaneously controlling for overstory tree composition. The lack of taxonomie knowledge on 

the most abundant and diverse subfamily of boreal sawflies rnay have fiirther diminished the 

possibility of identi@ing the changes in the sawfly community due to logging. 

The few differences observed within the sawfly community rnay be a reflection of similar 

plant communities between the treatments. However, as the post-loggcd stands have only 

experienced one series of clear-cutting, future harvesting rnay alter the plant community, thereby 

impacting the sawfly community. Declines in microhabitat heterogeneity resulting fiom 

continued logging rnay lead to reduced diversity in plant and sawfly communities alike. 



General Conclusions 

In this study, population changes due to logging were observed in the boreal mixedwood 

forest insect comrnunity. Evidence of declines of insect abundance due to two of the 

fundamental problems associated with clear-cut logging-a shift towards a younger age-class 

distribution relative to fire-disturbed landscapes and a reduction of structural heterogeneity 

within the forest stand--was observed for several taxa. The results of this study are useful in 

providing a better understanding of the potential ecological changes in the insect community 

imposed by clear-cut logging, and address some of the ecological unknowns associated with 

logging. 

In the first chapter, a corne-scale investigation of 18 selected higher-level taxa (families, 

superfamilies, suborder) of Diptera and Hymenoptera was perforrned. Most higher-level taxa 

appeared to be generally unresponsive to differences between post-logged and unlogged 

mixedwood stands. The Iack of differences suggested that species level analyses are necessary 

to assess the effects of logging. This hypothesis was supported by more detailed investigation of 

community change in the Syrphidae. Although other studies have found that higher-level taxa, 

such as families or genera, may be suitable surrogates for species (e.g. Williams and Gaston 

1994), it may be necessary to consider the species or generic approach in the boreal forest 

ecosystem. This approach has yet to be tested comprehensively in the boreal forest, and in this 

study it was difficult to fûlly test this idea, because only a small number of the boreal forest 

higher-taxa were actually used in the analyses. Nevertheless, these results suggest that rapid 

assessments of boreal forest biodiversity at the higher-taxonomic level may be problematic. 

Dolichopodidae exhibited significantly higher abundances in the unlogged forests, which 

appeared to be at least partly due the older stand ages of the unlogged forests. The higher 
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numben of logs of early decay classes present in the unlogged stands may have supported 

greater prey abundance, such as the bark beetles which inhabit recently fallen logs, resulting 

higher abundances of Dolichopodidae. However, without species-level identifications and data 

on the wood-inhabiting insects of these logs, this hypothesis remains untested. This family 

remained associated with unlogged stands even after removing the influence of age from the 

habitat variables, and both increased canopy and understory vegetation openness appeared to be 

preferred habitat conditions for the Dolichopodidae. Although the specific cause for higher 

abundance in the unlogged stands could not be identified, this famiIy deserves M e r  research as 

a potentially usehl indicator of sustainable forestry practices. 

Chapter Two examined changes in the hoverfly community, at both compositional and 

fùnctional levels. the latter approach being useful due to their varied feeding and habitat guilds. 

The possibility of differences between habitat guilds was of particular interest considering that 

one of their known habitat requirements, downed wood, has experienced declines in other 

clear-cut forests. At the species-level, three of the seven rnost abundant species revealed a 

significant logging effect: Cheilosia tristis (+ve), Temnostoma vespt#orme (-ve), and Toxomerus 

geminatm (-ve). In the case of Cheilosia tristis, a plant-feeding species during its larval stage, 

an increase in abundance in the post-logged stands suggested that this species was responding 

favourably to the increase of pIant material (and therefore a greater abundance of food). This 

was correlated with the higher sapling, tree and shrub density found in the post-logged stands. 

The decreased abundance of both Temnostoma vespt#orme and Tuxomerus geminafus was 

strongly tied with stand ages. Both species were associated with habitat features of older stands 

such as recently fallen logs, foliage in the upper canopy, and openness of the understory 

vegetation. In addition to being more abundant in the older forests, Toxornems gerninatus 

appeared to prefer more deciduous mixedwood forests. One feature more comrnon to the 
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unlogged stands to which these species may have favoured was logs of early stages of decay. 

This may be especially relevant for Ternnostoma vespforme, which requires relatively firm 

wood d u h g  its life cycle. A decline in abundance due to the paucity of logs of early decay 

classes in the post-logged stands demonstrates the fundamental problem of loss of structural 

heterogeneity due to logging activities. In addition, Temnostorna vespijonne abundance was 

correlated with a habitat gradient that represented more open understory vegetation, increased 

snag density, and decreased sapling density and basal area. Again, this species rnay have been 

responding to the greater arnounts of standing dead wood in addition to the downed wood. 

These results are notable because this species has experienced a similar phenornenon in Europe 

presumably due to the loss of  downed wwd (Speight 1989). The abundances of other saproxylic 

species have also decreased as a function of the amount of dead wood in the forest (Okland et ai. 

1996). 

On a functional level, the wwd-inhabiting Syrpbidae exhibited declines in abundance in 

the post-logged stands. This difference was attributed in part to the higher stand ages of the 

unlogged forests, but afier removing the influence of age from the habitat variables, a logging 

effect still remained. The reduction of coarse woody debris in the post-Iogged stands may 

become increasingly problematic afier M e r  rotations, as there will be limited sources of coarse 

woody debris contributing to future stands. An opposite pattern was observed in the 

plant-feeding guild, which was significantly more abundant in the post-logged stands. Similar to 

the response of Cheilosia trisfis, this group of species appeared to be responding to increased 

vegetation density of trees and saplings in the post-logged stands. 

Chapter Three focused on a group of herbivorous insects, the sawfiies, cornmon in the 

boreal region. Differences between treatments in sawfly abundances, diversity, and host-plant 

families associations were not evident. These insects are strongly tied to their host plant, and the 



fact that overstory plant species composition was controlled for, rnay have led to the lack of 

differences in abundance or nchness between treatments. However, species and generic richness 

appeared to be accumulating at a faster rate in the unlogged stands than in the post-logged 

stands, suggesting that with a larger simple, differences between treatrnents rnay have been 

o bserved. Independent of logging, a large number of species favoured increasingl y deciduous 

conditions, as indicated from the multivariate analyses, which corresponded to the fact that the 

majority of species feed on deciduous plant species. The lack of observed differences here 

suggested that this taxon rnay not be ideal for assessing stand-level impacts of disturbance, 

especially in habitats of similar overstory structure. However, their association to deciduous 

conditions suggests the possible use of this taxon for landscape level studies, particularly to 

address the question of logging-induced conversion fiom coniferous- to deciduous- dominated 

landscapes. 

The association between various taxa and features of older forests observed in this study 

supports previous concem over the loss of late-successional forest ecosystems and their 

associated fauna. This is a fundamental problem in forest conservation programs (Franklin 

1993). If features of mature forests are not present by the commencement of the next rotation 

(typically 60-80 years in the boreal rnixedwoods), late-successional insect comrnunities rnay be 

threatened. The wood-inhabiting syrphids appeared to be a group of species who are 

experiencing declines in abundance as a result of this problem, even in these first rotation 

forests. Subsequent harvesting rnay further reduce the required substrate for these species, 

which rnay result in more marked declines. Declines in Dolichopodidae abundances rnay also be 

attributed to this factor. These tindings are in agreement with other studies investigating the 

impacts of logging on other insect taxa, which found that some species of Carabidae were 

considered old-growth specialists (Niemela et al. 1993b) and that Mycetophilidae were most 
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affected in terms of abundance and species nchness by the amount of old-growth forest in the 

surrounding landscape (Okland et al. 1996). 

Both Toxontenrs geminatus and Temnostorna vespiforme exhibited strong associations 

with older stands, suggesting that these species may be "old-growth" species in the boreal forest. 

If the predicted logging-associated reduction of older stands in the boreal landscape occurs 

(Baker et al. 1996), species such as these may expenence declines in this ecosystem. Even three 

to four decades following disturbance, these species have not established population levels 

similar to those in older forests, as observed in populations of old-growth specialists of 

Carabidae (Niemela et al. 1993b). 

Indicators 

A number of taxa in this study represent possible biological indicators. Dolichopodidae 

and the wood-inhabiting Syrphidae may be useful because of their decline in abundance in 

younger, post-logged stands. In addition, Cheilosia tristis and the syrphid plant-feeding guild 

responded to logging-induced changes in habitat features, such as increased tree and sapling 

density, and therefore may also be potential indicaton of species and guilds that favour 

early-successional, post-logged forests. Unfortunately, there is no clear definition of what an 

indicator should indicate. This terni is variously used to denote the presence of a large number 

of taxa, abundances of rare species, attributes of the stand or landscape, or reflecting changes in 

the environment (Simberloff 1998; Lindenrnayer 1999). Often, the idea is used to suggest that 

few taxa can be used as surrogates of other organisms and assumes that correlations exist 

between taxa (Jonsson and Jonsell 1999). Unfortunately, correlations between richness of 

different taxa are few (Prendergast et al. 1993; Lawton et al. 1998; Jonsson and Jonsell 1999). 
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In this study, 1 found support for the use of insects as indicators of change in the ecosystem (Le. 

decline in wood availability) and as taxa sensitive to disturbance, which also meet the criterion 

that has recently been used to identiQ a set of indicators for the Great-LakedSt. Lawrence and 

boreal forests (McLaren et al. 1998). However, the potential indicators identified in this study 

are only indicative of stand-level changes and may only apply to boreal mixedwood forests in 

Ontario. Attempts to select indicators have acknowledged that they are likely to be site-specific 

and scale-dependent (Andersen 1997; Weaver 1995). 

Insects fulfil numerous cnteria that render them ideal as indicators, particularly the fact 

that thzy may show rapid responses to disturbances (Niemela et al. 1993a). However, because 

wood-inhabiting species may be indicating deciines in coarse woody debris, this raises the issue 

of measuring wood itself rather than the insects. The idea of measuring structural variables may 

prove to be an easier means of assessing sustainable practiccs, as suggested in a number of 

recent studies (Humphrey et al. 1999; Jonsson and Jonsell 1999). However, this idea cm only 

be implemented following studies of the forest fauna, once the relationships between habitat 

features and the fauna are better understood. Selecting a few habitat characteristics greatly 

simplifies our perception of how species use the forest and makes assumptions about which 

variables are important. The relationship between habitat features and diversity are neither 

likely to be simple nor limited to one variable. Moreover, because there may be aspects of the 

wood cornmunity that cannot be measured through simple quantification of the wood, such as 

the arnount and diversity of fungi in the wood, important habitat features for certain insect taxa 

may be overlooked. 



Management implications and recommendations 

Two main forest management concems emerged fiom this study: the difference between 

features of younger and older forests and the pst-logging reduction of coarse woody debris. 

Al though the impacts of clear-cutting in Ontario's boreal forests have not been extensively 

studied, foreseeable problems based on European boreal studies include a decline in the amount 

of old-growth forest, abundances of trees of large diameter, and the amount of decaying wood 

(Linder and Ostlund 1992). Some of these concems were supported here suggesting that these 

changes may have long-lasting negative effects on some Ontario insect groups, as observed in 

Europe with other saproxylic species (Okland et al. 1996) and some carabid species (Niemela et 

al. 1996). My resufts support the concept that certain forest components will be reduced if 

disturbances destroy habitats faster than they can recover, such as harvesting of stands before 

they develop old-growth characteristics (Perry and Arnaranthus 1997). 

Irnposing longer rotation rates, so that some stands develop late-successional 

characteristics may be one method to mitigate some of these negative impacts of logging on the 

insect community. In this study, the younger, post-logged stands, averaging 40 years of age, 

differed from the insect fauna of the older stands, whose ages averaged 70-90 years old 

depending on whether estimated age of trees or FR1 stand ages are considered. This suggests 

that a rotation age of at least 80 years is required to maintain late-successional species. 

However, because there was a positive correlation between some species (e.g. Temnostoma 

vesp$orme and Toxomerus geminatus) and stand age, forests ages older than those considered 

here may be required to best maintain populations. 

Retention of structural legacy, including greater numbers of residual trees and snags, as a 

fùture source of coarse woody debns, is also necessary for preserving the insect community. 
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The paucity of coarse woody debris in early decay classes in the pst-logged stands is most 

likely a reflection of a limited source of trees contributing to future sources of downed wood. 

Although one canr,ot predict the number of trees and snags required to produce a certain amount 

of downed wood, based on this study, a minimum of 70 cm of downed wood of early decay 

classes per 100 m on average on a line transect may alleviate some of the negative impacts on 

wood-dependent species, such as the wood-inhabiting syrpbids. 

Although declines of abundance of several taxa were attributed to younger forest ages, it 

was often difficult to discern between differences due to stand age and differences due to logging 

per se. Many of the declines in abundance of Dolichopodidae, the wood-inhabiting syrphids, 

and Ternosrorna v e s p i f o e  may also be due to true logging effects. As a result, merely 

preserving older stands in the landscape may not be sufficient for the conservation of these and 

other insect taxa. This supports the use of more sustainable forestry practices that better 

maintain habitat featwes of the unlogged forests, such as coarse woody debris and standing live 

and dead trees. 

In addition to sustainable harvesting, preserving networks of areas with that remain 

excluded from logging activities are important for conserving insect biodiversity. The boreal 

forest is a system that is subjected to penodic disturbances and therefore preserving old stands 

does not mean the long-term maintenance of these stands. However, protecting areas of forest 

not impacted by logging activities will ultimately maintain some of the key features of naturally 

disturbed forests. This idea becomes increasingly important in light of the continued demand for 

wood products and the predicted decline in conifer supply, which may intensify harvesting 

activi ties (Ketcheson 198 1 ; Heamden et ai. 1992). The possibility of prescribed fires in some of 

these areas would help maintain some of the naturally-occurrïng features. This would also help 

maintain regional habitat diversity, as a diversity of age-classes would be present in the protected 
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areas. 

Although the indicator concept has only recently been investigated, it highlights a more 

ecological approach to forest management, as it attempts to maintain many aspects of the forest 

biota. The success of this approach is highly dependent on the link between research and 

management so that science can partially dictate how to best manage for maintaining 

biodiversity . Much is dependent or1 further research into the development of indicator taxa 

panicularly in Ontario. There is a definite need to include insects as poiential indicators, as they 

may reflect micro-scale habitat changes not evident in other taxa. In particular, using 

wood-inhabiting insect species in m e r  biodiversity studies may aid in conservation efforts to 

maintain structural components of the forest ecosystem. Of the many saproxylic insect groups, 

Syrphidae may be a family with high potential as indicators of forest saproxylic species diversity 

(Speight 1989). However, because analyses of al1 syrphids did not reveal negative responses to 

logging, werall abundance or diversity of this group may not be usefùl for the purpose of 

assessing forestry practices. 

Further research 

To successfully manage forests in a rnanner that conserves biodiversity, research 

priorities include: 1) fùrther examination of the relationships between organisms and their 

habitat requirements, in addition to their responses to logging disturbances, and 2) better 

understanding of the ecology of the unlogged forests as a baseline to compare with the harvested 

forests. Neither of these aspects have been well investigated for the invertebrate cornmunity in 

Ontario. In this study, the sampled insect comrnunity consisted of a highly vagile group of 

insects. If declines in some taxa were evident for highly mobile insects, such as syrphids and 
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dolichopodids, differences rnay be even more apparent with more sessile insect taxa such as 

soil-dwelling insects, including beetles, which have not been studied in Ontario's boreal forest 

with respect to the effects of logging. Moreover, identitjlng the wood-inhabiting community 

through more precise sampling of the wood substrate will more directly relate insect abundances 

and diversity to habitat requirements. If the goal of a future project was to specifically 

investigate changes in the woody components of forest stands due to logging, a more detailed 

quantitative and qualitative sampling of the coarse woody debris of stands would be necessary. 

This shidy involved the analysis of stand-level differences between treatments. A logical 

progression fiom this study would be to examine patterns in the insect community on a 

landscape-scale, by investigating how the distribution of logged stands in the landscape and their 

proximity to unlogged stands rnay or rnay not influence insect abundance and richness. This is 

an important issue to explore, particularly in the boreal forest, where the proportion of 

old-growth forest in the landscape has a significant effect on diversity and richness of some 

insect taxa (Okland 1996). This type of study could also address metapopulation and dispersai 

questions, such as whether insects are affected by the patches of logged stands scattered within 

unlogged stands, if these are viable source popuiations, and whether certain taxa, such as larger 

bodies beetles (e.g. Spence et al. 1996), rnay be especially threatened due to limited dispersai 

abilities. A multi-scale approach rnay be useful as the relationship between ecological variables 

and the wood-inhabiting insect fauna imprwed with increased spatial scale (Siitonen and 

Marti kainen 1994; Okland 1996). Moreover, di fferences in syrphid richness between treatments 

at the landscape tevel rnay be more profound because of their high mobility and the possibility 

that results will be less influenced by local heterogeneity (Okland 1996). Within this study, 

Symphyta, Cheifosia frisfis, and the syrphid plant-feeding guild exhibited particular potential for 

use in landscape-level studies investigating the conversion of coniferous- to 
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deciduous-dominated landscapes, due to their preference for early-successional forests. 

However, small-scaie studies remain important because insects are often tied to the microhabitat 

and live on a much smaller scale that vertebrates, and because the Iandscape-level changes in 

Ontario are relatively recent. 

Conclusion 

As harvesting of previously unlogged forests continues to shift boreal landscapes to 

younger, more tmncated age-class distributions relative to fire-disturbed Iandscapes, population 

declines are likely to occur within the insect fauna. Although a large area of unmanaged, 

late-successional forests at present remain, certain insect cornmunities may not be represented 

within forests in the working landscape. As more of the forest is subjected to clear-cutting, 

differences in habitat structure of the post-logged and unlogged forests may further manifest 

themselves in the insect comxnunity. Insects that did not differ between treatments at present 

may reach a threshold below which they cannot maintain their current population levels. The 

uncertain future of the boreal forest insect biota in the presence of clear-cut logging clearly 

warrants further investigation. 
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Appendix l-List of al1 habitat variables derived from field measurements 
and their respective codes. 
Habitat category Habitat variable' Habitat Codes 
Substrate Moss Moss 

Lichen 

Broad-leaf litter 

Needle Iitter 

Bedmck 

Fine woody debris 

Log decomposition class one 

Lichen 

BL 

NL 

Bedmck 

FD 

Log 1 

Log decomposition class two and three Log23 

Log decomposition class four Log4 

Log decomposition class five Log5 

Mossy log 1-3 Mlog 123 

Mossy log 4-5 Mlog45 

s m p s  Stumps 

Structural Total tree density Treeden 

Total sapling density 

Tree basal area 

Sapling basal area 

% conifer tnx basal area 

% conifer sapling basal area 

Shmb density 

Vegetation openness 

Foliage height diversity 

Canopy openness 

' ~ o l i a ~ e  thickness 

2~ernivariance 

Sapden 

Treeba 

Sapba 

%treecon 

%spcon 

shrubden 

Vegden 

FHD 

Canopen 

(1-4) 

SV (1-4) 



Appendix 1 continued 
Habitat category Habitat variable' Habitat Codes 
Structural z~ariance Var ( 1 4) 

snag density Snagden 

3 
# of snags o f  various size and decomposition SnaJ31 l3  

cIasses Snag 145 

Snag2 13 

Environmental mean temperature Temp 

average estimated age Age 

ecozone Ecozone 

1 Derivations of each habitat variable are described in Chapter 1, Methods. 
2 Values are for each height interval (see Ch. 1 Methods for details). 
3 
Codes for snag classes: the first nurnber represents size class, the second and third represent the 

range of decomposition classes ( i x .  snagl13=size class 1 ,  decomposition cIass 1-3). 




