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Abstract 

 
Forestry has influenced forest dwelling organisms for centuries in Fennoscandia. For 
example, in Finland ca. 30% of the threatened species are threatened because of forestry. 
Nowadays forest management recommendations include practices aimed at maintaining 
biodiversity in harvesting, such as green-tree retention. However, the effects of these practices 
have been little studied. 
 In variable retention, different numbers of trees are retained, varying from green-tree 
retention (at least a few live standing trees in clear-cuts) to thinning (only individual trees 
removed). I examined the responses of ground-dwelling spiders and carabid beetles to green-
tree retention (with small and large tree groups), gap felling and thinning aimed at an uneven 
age structure of trees. The impacts of these alternative harvesting methods were compared to 
those of clear-cutting and uncut controls. I aimed to test the hypothesis that retaining more 
trees positively affects populations of those species of spiders and carabids that were present 
before harvesting. 
 The data come from two studies. First, spiders were collected with pitfall traps in 
south-central Finland in 1995 (pre-treatment) and 1998 (after-treatment) in order to examine 
the effects of clear-cutting, green-tree retention (with 0.01-0.02-ha sized tree groups), gap 
felling (with three 0.16-ha sized openings in a 1-ha stand), thinning aiming at an uneven age 
structure of trees and uncut control. Second, spiders and carabids were caught with pitfall 
traps in eastern Finland in 1998-2001 (pre-treatment and three post-treatment years) in eleven 
0.09-0.55-ha sized retention-tree groups and clear-cuts adjacent to them. 
 It seems that original spider and carabid assemblages are better maintained after 
harvests that retain more trees. The thinning treatment maintained forest spiders well. 
However, gap felling maintained some forest spider species in the short-term, but seemed to 
negatively affect some species over time. This pattern was also observed in harvests leaving 
large retention-tree groups. However, use of small retention-tree groups was associated with 
negative effects on forest spider populations. 
 More studies are needed on the long-term effects of variable retention on terrestrial 
invertebrates; especially those directed at defining appropriate retention patch size and on the 
importance of structural diversity provided by variable retention for invertebrate populations. 
However, the aims of variable retention should be specified first. For example, are retention-
tree groups planned to constitute ‘life-boats’, stepping-stones or to create structural diversity? 
Does it suffice that some species are maintained, or do we want to preserve the most sensitive 
ones, and if so, how are these best defined? Moreover, the ecological benefits and economic 
costs of modified logging methods should be compared to other approaches aimed at 
maintaining biodiversity. 
 
 
 
Keywords: Araneae, Carabidae, forest management, gap felling, green-tree retention, ground 
beetles, life-boat, retention-tree group, spiders, thinning 
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1. Introduction 

 

1.1. Forest management and biodiversity 

 

For centuries forestry has changed the boreal landscape in Fennoscandia, and thus influenced 
the forest dwelling organisms (e.g. Esseen et al. 1997, Östlund et al. 1997, Larsson & Danell 
2001). In recent decades, clear-cutting has dominated forest management practices around the 
world (e.g. McComb et al. 1993, Linder & Östlund 1998, Aubury et al. 1999). However, 
growing concern about the effects of large-scale clear-cutting on biodiversity led to gradual 
changes in silvicultural practices starting in 1970s (McComb et al. 1993, Aubury et al.1999, 
Larsson & Danell 2001). Maintaining biodiversity became an explicit goal for forest 
management, in addition to timber production in 1990s (Larsson & Danell 2001, Raivio et al. 
2001), and legislation changed in many countries reflecting the changed attitudes (Lance & 
Phinney 2001, Raivio et al. 2001, Emmingham 2002). Nowadays forest management 
recommendations include: 1) protection of certain habitats, 2) green-tree retention, and 3) 
dead-wood retention (Raivio et al. 2001, Mielikäinen & Hynynen 2003). Although such 
practices are in wide use (e.g. Bradshaw et al. 1994, Hallman et al. 1996), knowledge about 
their effects on biodiversity is limited (Niemelä et al. 2001). 

The impact of forest management on biodiversity arises through forest fragmentation, 
changes in forest structure and dynamics (e.g. decline in the number of large diameter trees, 
deciduous trees and coarse woody debris), as well as changes in the dynamics of forests (e.g. 
fewer forest fires, shorter rotation lengths) (e.g. Haila & Kouki 1994, Linder & Östlund 1998, 
Kouki et al. 2001). In Finland, for example, about one third of the 1505 threatened species 
live in forests, and forestry has been designated as the main cause of threat for 30 % of the 
forest dwelling species (Rassi et al. 2001). In Norway, nearly half of the threatened beetle 
species are associated with forests (Hanssen et al. 1998). As only a small fraction of forests 
can be reserved from management, measures for the maintenance of biodiversity are needed 
in the managed forests (e.g. Mönkkönen 1999, Niemelä 1997). For example, in Finland only 
about 5% of forests are protected (Virkkala et al. 2000). Moreover, old forests cannot be 
maintained in a landscape only by preserving the current old forests, but old forests of the 
future must develop from the present young forests (DeBell & Curtis 1993). Thus, the quality 
of managed forests is of importance when planning for the old forests of the future. 

Variable retention includes a wide range of intensity of tree removal (Drever & 
Lertzman 2003). In variable retention different numbers or volumes of trees are removed, 
varying from green-tree retention (at least a few standing trees are left in clear-cuts) to 
thinning (only some trees or a pre-defined volume of trees are removed). In this thesis, I 
examine and compare the effects of green-tree retention (Papers II-IV), gap felling, thinning 
aimed at an uneven age structure of trees, traditional clear-cutting (Paper II) in order to 
understand how these methods affect spider and carabid populations characteristic of uncut 
forests. The main thesis of this dissertation is that alternative approaches to forest harvest that 
leave residual live trees can have beneficial effects on terrestrial invertebrates, here modelled 
as spiders and carabids. I consider and compare three alternative approaches to harvest: 1) 
green-tree retention, which is defined as a forestry practice in which live trees are retained in 
clear-cuts either singly or in groups, 2) gap felling, where clear-cut size is reduced, and 3) 
thinning, achieved through removal of single trees to meet particular silvicultural objectives 
for post-thinning stands, perhaps in addition to removing some useful harvested volume 
(commercial thinnings). 
 Natural disturbance dynamics has been suggested as a good starting point for 
developing ecologically sustainable forest management practices (e.g. Hansen et al. 1991, 
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Attiwill 1994, Mönkkönen 1999, Niemelä 1999), although some authors suggest this view to 
be problematic (Spence 2001). Cear-cutting, as conducted more than a decade ago, was 
suggested to resemble massive fires, as both were thought to kill or remove most or all live 
trees. This view provided justification for clear-cutting, but has more recently faced criticism 
(e.g. Östlund et al. 1997, Simberloff 2001) because of huge differences in early successional 
communities that follow disturbance. For example, the ground-dwelling spider and carabid 
assemblages differ significantly between wildfire and clear-cut origin stands, although this 
difference seems to disappear in about 30 years after logging (Buddle et al. 2000, 2006, 
Larrivée et al. 2005). 

Green-tree retention better resembles natural disturbance dynamics in one respect: 
even the most extensive forest fires often leave patches or single trees totally or partially 
unburned (e.g. Östlund et al. 1997, Simberloff 2001). Natural disturbance dynamics of boreal 
spruce forests might be driven by small-scale disturbances, such as gap formation 
(Kuuluvainen et al. 1998). Gap felling and thinning might mimic natural gap formation driven 
by small-scale natural disturbances (e.g. Guldin 1996). However, natural gap formation 
involves creation of structural heterogeneity, such as pit-and-mound topography and fallen 
logs (Ulanova 2000). Therefore, apart from creating a light-gap in the tree canopy, gap felling 
and thinning differ from natural gap formation. Although the metaphor of comparison 
between natural disturbance and harvesting is often weak, the question remains whether 
changes to harvesting inspired by natural disturbance can improve forest management with 
respect to conservation of biodiversity. 
 

1.2. Green-tree retention 

 

Green-tree retention (i.e. leaving live standing trees in clear-cuts) could potentially maintain 
biodiversity in at least three ways: 1) ‘life-boating’, i.e. enhancing survival of the original 
species over the regeneration phase, 2) acting as stepping-stones, i.e. enhancing dispersal and 
the associated re-colonisation of disturbed sites and 3) increasing structural diversity of the 
regenerated stands making them suitable as habitat for a wider range of organisms (Franklin 
et al. 1997). Green-tree retention differs from shelterwood or seed-tree systems, because the 
residual trees are not harvested later on (Vanha-Majamaa & Jalonen 2001). The terminology 
related to green-tree retention is still developing, and use of various terms may be confusing. 
For example, some terms used to designate green-tree retention also refer to other forest 
harvesting methods: retention felling (used in Jalonen & Vanha-Majamaa 2001), partial 
cutting (used e.g. in Barg & Edmonds 1999) and variable retention (used e.g. in Franklin et al. 
1997, Tittler & Hannon 2000). In addition, different terminology is used of the trees that are 
not harvested: retention, residual, remnant, or legacy trees. I use the term retention, when trees 
are retained intentionally in order to improve biodiversity. Remnant is used of trees that are 
older than the prevailing tree generation. Residual trees can be either retention-trees or 
remnant trees. 

Retention-trees can be left dispersed over the cut-block or in tree groups. The spatial 
pattern depends on management objectives (Schieck et al. 2000). Aggregated retention may 
be a better option for organisms demanding undisturbed ground, all canopy layers including 
understory vegetation or forest microclimate (Aubury et al. 1999). However, if the objectives 
demand uniformly distributed conditions or structures, dispersed retention may be the choice 
(Aubury et al.1999). In this thesis, I examine the ecological function of aggregated retention, 
i.e. retention-tree groups. Retention-tree groups are sometimes referred to as retention patches 
or residual patches, which may also include larger patches than retention-tree groups. 
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Structural diversity of habitat is generally considered important for spiders and 
carabids (e.g. Uetz 1991, Rypstra et al. 1999, du Bus de Warnaffe & Dufrêne 2004, 
Langellotto & Denno 2004, Latty et al. 2006, Niemelä et al. 2007), although Langolletto & 
Denno (2004) failed to show any generally significant response of carabids to increased 
habitat complexity in a meta-analysis of existing literature. Clear-cutting reduces structural 
complexity of stands (Hansen et al. 1991). Structural complexity can be associated with 
variation in tree diameter, multi-layered canopy, tree species composition (especially 
deciduous trees), dead wood, continuity, spatial arrangement of trees, as well as micro-site 
variability (e.g. Hansen et al. 1991, Brunet 1993, Östlund et al. 1997, Fridman & Walheim 
2000, Zenner 2000 and references therein, Rouvinen et al. 2002). For example, several taxa 
are known to profit from large old trees (bryophytes: Gustafsson & Hallingbäck 1988; 
lichens: Neitlich & McCune 1997, Peck & McCune 1997, Sillett & Goslin 1999; spotted 
owls: Moen & Gutiérrez 1997, North et al. 1999, Thome et al. 1999; vertebrates: Mazurek & 
Zielinski 2004), and a continuum of coarse woody debris is important not only for saproxylic 
species (e.g. Kolström & Lumatjärvi 2000, Martikainen 2001, Siitonen et al. 2000, Ehnström 
2001, Hunter & Bond 2001), but spiders and carabids may also benefit from dead wood (e.g. 
Lowrie 1948, Buddle 2001, Pearce et al. 2003, Niemelä et al. 2007, Varady-Szabo & Buddle 
2006; but see Martikainen et al. (2006) who did not find correlation between dead wood and 
carabid abundance). Such structural features could thus be produced by retaining trees in 
clear-cuts. However, although new dead wood can be produced, the dead wood that existed 
before treatment may be destroyed by uprooting of live trees (Hautala et al. 2004). The 
relationship of retention-trees and structural diversity seems to be corroborated by Zenner 
(2000) and Hansen et al. (1995), although information is lacking whether structural diversity 
helps conserve biodiversity (Lindenmayer et al. 2000). The usefulness of retention-tree 
groups as stepping stones has not been studied at all, and evidence for retention-tree groups 
acting as ‘life-boats’ is limited. In this thesis, I examined the usefulness of retention-tree 
groups as ‘life-boats’ for spiders and carabids (Papers II-IV). 

Although evidence for the ability of green-tree retention in preserving biodiversity is 
limited, green-tree retention is a forestry practice that is currently in use. Retention trees are 
suggested to be useful for some species of epiphytic bryophytes and lichens (Hazell & 
Gustafsson 1999, Sillett & Goslin 1999, Keon & Muir 2002, Lõhmus et al. 2006), vascular 
plants (North et al. 1996, Vanha-Majamaa & Jalonen 2001), small bats (Hogberg et al. 2002), 
small mammals (Hunter & Bond 2001), birds (Merrill et al. 1998, Schieck et al. 2000, Hunter 
& Bond 2001, Lance & Phinney 2001, Tittler et al. 2001), canopy arthropods (Schowalter 
1995), saproxylic beetles (Kolström & Lumatjärvi 2000, Martikainen 2001, Hyvärinen et al. 
2005, 2006, Hyvärinen 2006), and microbes (Barg & Edmonds 1999). However, in some 
studies green-tree retention was not useful for particular species of bryophytes and vascular 
plants (Jalonen & Vanha-Majamaa 2001, Lõhmus et al. 2006), carabid beetles (Koivula 
2002a), and soil arthropods (Siira-Pietikäinen et al. 2003). Lemieux and Lindgren (2004) and 
Martikainen et al. (2006) found carabid assemblages in retention-tree groups to be 
intermediate as compared to clear-cuts or uncut forests. Gandhi et al. (2004) showed that 
retention-tree groups had similar carabid and staphylinid assemblages to uncut forest, but that 
the assemblages of retention-tree groups differed from those of fire residuals. 

Recommendations about the amount of retention-trees vary between countries. In 
Finland, Finnish Forest Certification System (FFCS) is applied, and the criterion is to leave 
five to eight green trees per hectare (Metsätalouden kehittämiskeskus Tapio 2001, Raivio et 
al. 2001, http://www.ffcs-finland.org/), although the amount left can be more. According to a 
follow-up study of the realization of the criteria, the total amount of green trees left in cut-
blocks was 11.5 per hectare, but the number of large trees was only 5.9 trees per hectare 
(Kotiharju & Niemelä 2000). In Sweden, the recommended retention left is ten trees per 
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hectare (Raivio et al. 2001). In Northern America, the recommendations about appropriate 
retention-level vary from 0 to 18% (e.g. Aubury et al. 1999, Halpern & McKenzie 2001, 
Hunter & Bond 2001, Lance & Phinney 2001). After wildfire, the percentage of fire area 
covered by live trees varies considerably: mean from different studies was between 2% and 
32% (range 0-98%; Smyth et al. 2005 and references therein). Thus, it seems that the amount 
of green trees left by wildfire may be clearly more than the recommended amount in green-
tree retention. For example, in mixedwood forests in Canada, Smyth et al. (2005) estimated 
that existing harvesting practices result in less than a third of the live residual trees remaining 
and less variability in residual patch size, as compared to the amount of residual trees and 
patch size after wildfires. 
 

1.3. Gap felling and thinning 

 
Gap formation is an important natural disturbance in spruce forests (Kuuluvainen et al. 1998). 
Gap size in spruce (Picea abies (L.) Karst.) forest is usually small. For example, according to 
Liu and Hytteborn (1991) individual gaps were typically smaller than 150 m2 (9-360 m2) in a 
primeval spruce forest, although there may be larger gaps as well (one gap was 2900 m2 in 
size). Huggard and Vyse (2002) found that the effects of thinning and different sized clear-
cuts on biodiversity depended on taxon studied. For example, pine marten (Martes 
americana) avoided all harvesting treatments, including thinning (20% removal, uniform 
thinning), but some voles used residual strips (30-m wide) adjacent to small (0.1 ha) clear-
cuts. Slugs declined less in the small clear-cuts and in the thinned stands compared to larger 
clear-cuts (1 or 10 ha with residual strips; Huggard & Vyse 2002). For most ecological 
variables they studied, 10- and 1-ha clear-cuts did not differ from each other, but they were 
different from 0.1-ha clear-cuts (with 30-m wide residual strips) and thinning. 

The impact of gap felling on spider and carabid populations has received attention in a 
small number of studies. Ulyshen et al. (2006) studied responses of carabids in different sized 
(0.13, 0.26 and 0.50 ha) young (1 year) and old (7 years, vegetation height 1-8 m) gaps, and 
found an effect of gap age. Open-habitat species were most abundant in the centres of young 
gaps, whereas for forest species young gaps did not differ from control forests. However, 
forest species were least abundant in old gaps. Therefore, the reason that Koivula and 
Niemelä (2003) did not find a response of forest carabid species for gap felling may be gap 
the young age. Klimaszewski et al. (2005) concluded that gap felling was more favourable for 
the maintenance of the original carabid assemblage than traditional clear-cutting, although in 
general, gap felling (with 0.25, 0.13 or 0.06 ha-sized gaps) produced carabid assemblages and 
catches of different habitat affinity groups similar to larger clear-cuts. Osawa et al. (2005) 
found that gap felling negatively influenced large-bodied carabid species, but small-bodied 
species were not influenced. 
 Jennings et al. (1986, 1988) studied carabids and spiders in strip clear-cut stands. The 
width of the residual strips (23.4-49.7 m) roughly corresponds to the width of the forested 
sections of the gap-felled stands in Paper II. They found that residual strips resembled uncut 
forest in their numbers of carabid and spider species and individuals. Huggard and Vyse 
(2002) studied different sized clear-cuts with residual strips and thinning. They found that the 
carabid Scaphinotus angusticollis Mannerheim, 1824 declined in the clear-cut micro-sites and 
thinned stands, but persisted in all-sized residual strips, whereas active hunters, such as 
spiders, increased in all harvesting treatments. 

As regards the effects of thinning (selective cutting) on spiders and carabids, some 
studies reported that thinning well maintains ‘original’ spider and carabid fauna (Huhta 1965, 
Koivula 2002b, Vance & Nol 2003, Moore et al. 2004, Huber et al. 2006), but this was not 
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the case for all studies (Willett 2001). In addition, there may be some differences in spider 
and carabid fauna between uncut and thinned forests (Werner & Raffa 2000, Schowalter et al. 
2003). Vance and Nol (2003) reported short-term effects (0.5-3 years after thinning), such as 
loss of the largest carabid species and reduction in overall numbers of individuals, but in older 
thinned stands (15-20 years after thinning), carabid assemblages resembled those of uncut 
forests. The negative effects of thinning on spiders in Willett (2001) may have been due to 
decreased structural diversity of the thinned stands. 
 

1.4. Aims 

 
The aim of this thesis was to find out, whether retaining larger numbers of trees uncut would 
maintain the original assemblages of spiders and carabid beetles better than retaining smaller 
amount of trees. Thus, I studied logging methods in which different numbers of trees were 
retained. In clear-cutting no trees were retained (Paper II). Green-tree retention was applied 
with small (0.01-0.02 ha; Paper II) and large (0.09-0.55 ha; Papers III and IV) retention-
tree groups. In gap felling three 0.16-ha openings were logged in a 1-ha stand (Paper II), in 
thinning only single trees were removed (Paper II), and finally, in control stands no trees 
were removed (Papers II and IV). The data come from two studies. First, three methods of 
variable retention were studied in the project called ‘Biodiversity in the regeneration of 
managed forests’ (MONTA) (Paper II). The modified logging methods were green-tree 
retention, gap felling, and thinning aiming at an uneven age structure of trees. These logging 
methods were compared to traditional clear-cutting and uncut forests. Second, in the project 
called ‘Effect of the size of retention tree groups on biodiversity in forest regeneration’ 
(RETREE) different sized retention-tree groups were compared to find out whether increasing 
tree-group size has a positive effect on forest species, and whether retention-tree groups 
would constitute ‘life-boats’ for spiders and carabids (Papers III-IV). The second study was 
launched because the retention-tree groups in the first study appeared to be too small (Jalonen 
& Vanha-Majamaa 2001, Siira-Pietikäinen et al. 2001, 2003, Koivula 2002a). Paper I 
provides a background for the a priori hypotheses in Papers II and III (see Section 3). 
 

2. Study organisms 

 
Spiders and carabids were selected as study objects for the following reasons. First, these taxa 
and their ecology are well known in Finland. There is also information available on the effects 
of forestry on spiders and carabids (e.g. Huhta et al. 1967, Huhta 1971, 1976, Coyle 1981, 
Jennings et al. 1986, 1988, Niemelä et al. 1988, 1993, McIver et al. 1992, Haila et al. 1994, 
Atlegrim & Sjöberg 1995, Spence et al. 1996, Buddle et al. 2000, 2006, Koivula 2002a, 
2002b, Siira-Pietikäinen et al. 2003, Larrivée et al. 2005, Huber et al. 2006, Martikainen et al. 
2006). In addition, spiders and carabids have been promoted as useful ecological indicators 
(e.g. Churchill 1997, Rainio & Niemelä 2003, Pearce & Venier 2006). Second, invertebrates 
should play an important role in biodiversity assessment (e.g. Taylor & Doran 2001). They 
are among the most diverse and abundant groups of organisms (e.g. Churchill 1997, Nilsson 
et al. 2001). Invertebrates also respond quickly to the effects of forestry (e.g. Niemelä 1999). 
Third, spiders and carabids show pronounced reactions to habitat structure and/or 
microclimate (e.g. Thiele 1977, Hänggi et al. 1995, Churchill 1997, Pearce & Venier 2006). 
Fourth, spiders and carabid beetles are easy to catch by using pitfall traps, which is an 
important aspect for an indicator species (e.g. Churchill 1997). 
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3. Habitat affinity classification and hypotheses 

 
Many studies dealing with habitat patch size often report that total numbers of species or 
individuals decrease with increasing patch size (e.g. Helle & Muona 1985, Didham 1997, 
Magura et al. 2001, Molnár et al. 2001). This was usually caused by open-habitat species 
invading the smallest patches (e.g. Didham 1997, Molnár et al. 2001). However, considering 
forest species, the interpretation changed. For example, Usher et al. (1993) and Magura et al. 
(2001) found that the number of forest carabid species increased with fragment size, and 
Ozanne et al. (2000) found higher abundances of forest interior species of canopy-dwelling 
spiders in larger forests. Therefore, it is important to separate species based on their habitat 
affinities. However, such classification was not available for most spider (and some carabid) 
species. Paper I presents such a classification for some Finnish spider species. 
 The habitat affinity classification for spiders (Paper I) and carabids followed the 
classification formulated by Huhta (1971). Light intensity (canopy cover) and moisture (i.e. 
moisture conditions at the ground level, where the studied spiders and carabids live) were 
assumed to be the most important abiotic factors that affect the occurrence of spiders and 
carabids (Thiele 1977, Huhta 1971). First, I classified different habitats, where spiders and 
carabids were caught in literature, into the following habitat classes: 
 
Light intensity: 
 A = open habitats (e.g. clear-cuts, meadows, fields, open bogs) 
 B = semi-open habitats (e.g. open forests, forest edges) 
 C = shady forests (spruce forests) 
Moisture: 
 1 = dry habitats (e.g. clear-cuts, forests with ground layer of lichens) 

2 = medium-moist habitats (e.g. groves, forests with forest mosses, such as 
Hylocomium Schimper in B. S. G.) 
3 = moist habitats (e.g. forests with Sphagnum L. mosses, bogs, marshes) 

 
Second, spider and carabid species were assigned to the above classes based on literature on 
their occurrences in different habitats (carabids: Lindroth 1985, 1986, Niemelä 1988, Niemelä 
et al. 1989, Niemelä & Halme 1992, Halme & Niemelä 1993, Kinnunen 1999, Grandchamp et 
al. 2000, Koivula 2002a, 2002b; spiders: see references in Paper I). 
 The above classes refer to species affinities towards the corresponding habitats. For 
example, A1 stands for species associated with open, dry habitat, such as clear-cuts or dry 
meadows, and C3 stands for species associated with shady, moist habitat, such as spruce 
mires. However, species may not follow strictly the above classification, and I use the 
following terms for species that are associated with more than one of the above habitat 
classes: 
 
Light intensity: 
 AB (or both A and AB) = (semi-) open-habitat species 
 BC = forest generalists 
 ABC = species indifferent towards light intensity (or light-indifferent species) 
Moisture: 
 12 (or both 1 and 12) = (medium-) dry-habitat species 
 23 (or both 23 and 3) = (medium-) moist-habitat species 
 123 = species indifferent towards moisture (or moisture-indifferent species) 
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Figure 1. Hypotheses for Paper II. Habitat affinities: ‘A’ = open, ‘B’ = semi-open, ‘C’ = shady, 
‘1’ = dry, ‘2’ = medium-moist and ‘3’ = moist (see details in Section 3). Whenever two 
different hypotheses come from affinities for moisture and light intensity, hypotheses are 
ambiguous. Empty cells: habitat affinity combination does not exist. Treatments: ‘Cl’ = clear-
cutting, ‘Re’ = retention felling, ‘Ga’ = gap felling, ‘Th’ = thinning and ‘Co’ = uncut control. a) 
Forested micro-sites of the treatments. b) Clear-cut micro-sites of the treatments. 
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Figure 2. Hypotheses for Paper III. Habitat affinities: ‘A’ = open, ‘B’ = semi-open, ‘C’ = shady, 
‘1’ = dry, ‘2’ = medium-moist and ‘3’ = moist (see details in Section 3). ‘S’ = small and ‘L’ = 
large represent hypothetical retention-tree group sizes. Linear relationships are hypothesised 
a priori and curvilinear shapes are exploratory (represented by the quadratic term in the 
GLMM models, see Section 4.3.1.). Whenever two different hypotheses come from affinities 
for moisture and light intensity, hypotheses are ambiguous. Empty cells: habitat affinity 
combination does not exist. 
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Note that (semi-) open (B) is used both in (semi-) open-habitat species and forest generalists, 
and medium-moist (2) is included in both (medium-) dry and (medium-) moist-habitat 
species. 

I used the light intensity and moisture as a basis of my hypotheses (Papers II-III). 
Harvesting affects light intensity and moisture (Keenan & Kimmins 1993). I assumed that the 
smaller the forest patch, the edge effects become more intense (e.g. Matlack 1993). Thus, 
clear-cutting affects the adjacent forest patch in such a way that the edges of the forest patch 
become lighter and drier (e.g. Pearce et al. 2005). 

The central question in Paper II was ‘are the original species maintained better with 
larger amounts of retention?’  In Paper III the central question was ‘do larger retention-tree 
groups maintain the original species better than the smaller ones?’. The aim of Paper IV was 
to study whether or not retention-tree groups enhance the survival of forest species in clear-
cut dominated stands by examining changes in spider and carabid assemblages with respect to 
distance from the edge of a retention-tree group (i.e. from clear-cut into retention-tree group). 
I performed species-wise analyses for the a priori hypotheses, because erroneous habitat 
affinity classification could result in wrong interpretations (see discussion for errors in habitat 
affinity classification from Papers I and III). For example, if a species’ habitat affinity was 
suggested to be for forests, but actually was for open habitats, inclusion of such a species in 
the forest species group could have masked the possible response. Such a species could have 
been the spider Alopecosa taeniata (C. L. Koch, 1835) (see Results and Discussion in Paper 
IV). Thus, all analyses that were performed with species groups should be treated with 
caution (see Materials and methods in Paper IV). The more specific a priori hypotheses for 
species with different habitat affinities can be seen from Figures 1 and 2. More details are 
found in Papers II and III. 

 

4. Materials and methods 

 

4.1. Study areas and design 

 
4.1.1. Alternative logging methods (Paper II) 

 
Spiders were collected in south-central Finland in 1995 (pre-treatment) and in 1998 (the third 
summer after logging) (Figure1 in Paper II). The study forests were Norway spruce (P. 
abies) dominated, Myrtillus-type (Cajander 1949), and 80-120 years of age. Each study stand 
consisted of a 1 ha core and its immediate surroundings, altogether ca. 2 ha. Each of the five 
studied treatments (control, thinning, gap felling, retention felling and clear-cutting) was 
replicated once in each of the four study areas (except that one gap felling was missing from 
the Keuruu study area). More details can be found in Paper II, and in Koivula (2002a, 2002b) 
and Koivula and Niemelä (2003). 

The logging treatments formed a continuum from clear-cuts (all live trees were cut) to 
control (no trees removed) (Figure 1 in Paper II). In the retention-felled stands, 90.7-94.2% 
of trees were removed. Within each one-hectare core, 3-4 tree groups (0.01-0.02 ha each) 
were retained. In the gap-felled stands, 61.1-65.7% of the trees were removed. Within each 
one-hectare core, three 40 m x 40 m or 32 m x 50 m (i.e. 0.16 ha) clear-cut openings were 
logged. Thinning aimed at an uneven age structure of trees, and 10.9-33.7% of the trees were 
removed from each thinned stand. 
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Spiders were collected using pitfall traps. In each stand, the traps were placed into six 
groups, each group having four pitfall traps in a 4 m x 4 m square (4 areas x 5 treatments 
[~stands] x 24 traps – one stand = 456 traps) (Figure 1 in Paper II). In the retention-felled 
and gap-felled stands, three trap groups were situated in the forested sections (hereafter called 
forested micro-sites) and three trap groups were placed in the clear-cut sections (hereafter 
called clear-cut micro-sites). In 1995, the trapping was performed from 18 May to 27 June, 
and in 1998, the trapping period lasted from 14 May to 6 July. 
 

4.1.2. Retention-tree groups (Papers III and IV) 

 

Eleven retention-tree groups were established in three clear-cuts in Eastern Finland (Figure 1 
in Paper IV). Hereafter, I call the clear-cuts with the retention-tree groups as retention-felled 
areas. In addition, one control site was established in uncut forest. Before logging the forest 
was of Myrtillus-type (Cajander 1949), dominated by Norway spruce (P. abies), and trees 
were 80-100 years of age. The retention-tree groups were established in small spruce mire 
patches within the forest. Size (0.09-0.55 ha) of the retention-tree groups varied according to 
the properties of the spruce mire patches (see Table 1 in Paper III). The size of the clear-cuts 
surrounding the retention-tree groups varied between ca. 8 and 14 ha (Table 1 in Paper III). 
The retention-level was 12.5% of the managed landscape (Hautala et al. 2004). More details 
are found in Papers III and IV. 

Spiders and carabids were sampled with pitfall traps. Eight pitfalls were placed within 
the retention-tree groups, eight traps at the edges of the retention-tree groups and clear-cuts, 
and eight traps in the clear-cuts (Figure 1 in Paper IV), except for one retention-tree group 
where only seven traps were placed within. Hereafter, the within/edge/outside is referred to as 
location. In Paper III we used the data from within of retention-tree groups, i.e. the edges of 
the retention-tree groups, clear-cuts and control site were not included. In Paper IV we used 
all data. 

Pre-treatment sampling was performed in the summer of 1998 (20 May- 3 September) 
and after-treatment sampling was performed during the summers of 1999 to 2001 (26 May-16 
September 1999, 24 May-5 September 2000, and 23 May-4 September 2001). Hereafter, I call 
the years after logging the first year (1999), the second year (2000) and the third year (2001). 
 

4.2. Nomenclature 

 

The nomenclature of carabids follows Lindroth (1985, 1986) in Paper III and Silfverberg 
(2004) in Paper IV. The differences in the nomenclature were as follows: Pterostichus 
cupreus (Linnaeus, 1758) equals Poecilus cupreus (Linnaeus, 1758), Pterostichus versicolor 
(Sturm, 1824) equals Poecilus versicolor (Sturm, 1824), Pterostichus vernalis (Panzer, 1796) 
equals P. crenatus (Duftschmid, 1812), Agonum mannerheimii (Dejean, 1828) equals 
Platynus mannerheimii (Dejean, 1828), and Harpalus quadripunctatus Dejean, 1829 equals 
H. lavipes Zetterstedt, 1828. 

The nomenclature of spiders follows Platnick (2003) in Papers I and III and Platnick 
(2006) in Papers II and IV. The difference in nomenclature was as follows: Lepthyphantes 
antroniensis Schenkel, 1933 equals Palliduphantes antroniensis (Schenkel, 1933). The 
nomenclature was not rechecked for those spider species mentioned in Paper I that were not 
caught in papers II-IV. 

Voucher specimens are deposited in the Finnish Museum of Natural History, Helsinki, 
Finland. 
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4.3. Statistical methods 

 

4.3.1. Generalized linear mixed effects models (GLMM) 

 

In Papers II and III, generalized linear mixed effects models (GLMM; McCullagh & Nelder 
1989) were used to analyse the a priori hypotheses (see Section 3; in addition, some of the 
species-wise exploratory analyses were performed similarly in Paper III). The analyses were 
performed in the R software package (R Development Core Team 2004). Numbers of 
individuals in different spider and carabid species were used as response variables in the 
GLMMs. See details of the selection of analysed species and possible exclusions in Papers II 
and III. In addition, in Paper II we performed GLMMs for numbers of species in different 
habitat affinity groups. 

For spiders, sex was included in the analyses because it was hypothesised that males 
and females might respond differently to harvesting (see details in Paper III). This 
hypothesis was an exploratory one. In Paper II, sex was initially included in the models, but 
the two sexes were ultimately combined, as there was no difference in their response. We 
omitted sex to shorten the text and to make the main message clearer. 

The negative binomial distribution (White & Bennetts 1996) was applied as the error 
distribution for numbers of individuals (see Papers II and III) and Poisson distribution for 
numbers of species (see Paper II). Although the discovery that spiders and carabids are 
aggregated at the scale of sampling is not novel (e.g. Huhta 1971, Curry et al. 1985, Niemelä 
1990, Niemelä et al. 1992), the negative binomial distribution has only rarely been used as the 
error distribution when studying spiders and carabids (e.g. Lehvävirta et al. 2006, Taboada et 
al. 2006). I agree with Lehvävirta et al. (2006), who recommend using negative binomial 
models when organisms are assumed to be aggregated. 

Because trap losses were negligible in both studies, correcting for trap losses with a 
standardisation procedure was not used. 

Because many species were tested simultaneously, the false discovery rate (FDR) was 
measured in Paper III (for Paper II the q-values were smaller than the p-values, and 
therefore were not used). The test gives q-values that measure the proportion of false 
positives. Both p-values and q-values were reported. 

In addition to the above a priori analyses, we performed some exploratory GLMMs in 
Paper IV. As responses we had numbers individuals in different habitat affinity groups, in 
addition to total catch and some examples of individual species. Because we had lost some 
traps, we standardised catches by adding the log-transformed number of trapping days as an 
offset and sampling period as a ‘normal’ factor in the models (see details in Paper IV). 
 

4.3.1.1. Alternative logging methods (Paper II) 

 

The following explanatory variables were used in the GLMM models for the forested (Type I 
models) and the clear-cut micro-sites (Type II models) of the treatments. 

1. Treatment: four treatments for the forested micro-sites (control, thinning, gap 
felling, retention felling), and three treatments for the clear-cut micro-sites (clear-
cutting, retention felling, gap felling). 
2. Pre-treatment year 1995 as a covariate 
3. Stand (to account for the correlated error structure) 

The following explanatory variables were used in the GLMM models to compare the forested 
and the clear-cut micro-sites of the gap-felled and retention-felled stands (Type III models). 
 1. Treatment: two treatments (gap felling, retention felling) 
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 2. Micro-site: two micro-sites (clear-cut, forested) 
 3. Interaction of treatment and micro-site 
 4. Pre-treatment year 1995 as a covariate 
 5. Stand (to account for the correlated error structure, as a random factor) 
 

4.3.1.2. Retention-tree groups (Paper III) 

 
The GLMM models were performed with the following explanatory variables. 
 1. Retention-tree group size (ha), i.e. size - mean of all sizes 
 2. Quadratic term for tree group size, i.e. (size - mean of all sizes)2 
 3. Year: three years (after-treatment years 1999-2001) 
 4. Sex (male, female) for spiders 
 5. Interactions between the above variables 
 6. Site (to account for the correlated error structure, as a random factor) 
 7. Pre-treatment year (1998; as a covariate with no interactions) 

8. Number of wood ants (in the middle season of the year sampled; as a covariate with 
no interactions) 

 
4.3.1.3. Retention-felled areas (Paper IV) 

 
The GLMM models were performed with the following explanatory variables. 
 1. Location, i.e. within/edge/outside of a retention-tree group 
 2. Year (1998-2001) 
 3. Interaction of location and year 
 4. Log(trapdays) as an offset 
 5. Period (for standardisation purpose) 
 6. Site (to account for the correlated error structure, as a random factor) 
 

4.3.2. Multivariate methods 

 

4.3.2.1. Non-metric Multidimensional Scaling (NMDS) 

 
Non-metric Multidimensional Scaling (NMDS) was used to explore the changes in species 
composition (and to check the habitat affinity classification), because it is a robust technique 
for indirect gradient analysis (Minchin 1987). In Paper III, the rankindex (Faith et al. 1987) 
was selected according to the instructions for the package ‘vegan’ of R (R Development Core 
Team 2004): the Gower metric for carabids, the Kulczynski index with Wisconsin double 
standardisation for spider males, and the Kulczynski index with square-root transformation 
for spider females. In Paper II, the NMDS was performed using Bray-Curtis distances (e.g. 
Krebs 1999) as the rankindex. The analyses were repeated until there were two similar 
solutions with the stress value as low as possible. The analyses were done in the R software 
package (R Development Core Team 2004) and PC-Ord (McCune & Mefford 1999). For 
spiders, males and females were kept separate in Paper III, but in Paper II sexes were 
pooled. 
 In Paper II, the significance of possible pair-wise differences between scores of 
different habitat types was tested by using multi-response permutation procedures (MRPP) for 
the Bray-Curtis distance matrix (Zimmerman et al. 1985) available in PC-Ord 4.0 (McCune & 
Mefford 1999). 
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4.3.2.2. Canonical Correspondence Analysis (CCA) 

 
In Paper IV, Canonical Correspondence Analysis (CCA; Jongman et al. 1995) was used to 
explore the effects of some environmental variables on the spider and carabid assemblages in 
the three sampling locations (within tree groups, edge, clear-cut). For adult spiders, the 
ordinations were done separately for males and females. Permutation tests were performed for 
the environmental variables included in the CCAs (for each environmental variable 
separately, and for the whole set of environmental variables). The analyses were performed in 
the R software package (R Development Core Team 2004) with the following environmental 
variables: 
 1. Distance of the trap row from the edge of a retention-tree group (m) 

2. Retention-tree group size, or forest size for the pre-treatment year and control (ha) 
 3. Number of standing trees per ha (zero for the clear-cuts) 
 4. Size of the clear-cut (ha) 

5. Isolation of the retention-tree group (i.e. distance to the nearest continuous forest or 
forest fragment; m) 
6. Number of wood ants (in the middle period of each season) 

 

4.3.2.3. Multivariate Regression Trees (MRT) and Indicator Value calculations (IndVal) 

 
In Paper II, Multivariate Regression Trees (MRT; De’ath 2002), combined with Indicator 
Value calculations (IndVal; Dufrêne & Legendre 1997) were performed. The MRT was done 
to study the significance of the GLMM variables (year, study area, treatment, micro-site) and 
some micro-site characteristics (number of spruce, pine and birch trees, % covers of bushes, 
shrubs and grasses, Sphagnum and ‘forest’ mosses, vascular plants associated with mesic 
micro-habitats, needle, leaf and mixed litter, drifted humus, bare soil, rocks and downed 
woody material) in determining spider assemblages. 
 

4.3.3. Analysis of Similarities (ANOSIM) 

 
Analysis of Similarities (ANOSIM; Chapman & Underwood 1999) was used in order to 
examine temporal changes in spider and carabid assemblages in the retention-felled areas 
(Paper IV). ANOSIM gives a value of R that lies between -1 and +1. No difference between 
assemblages is represented by zero. 
 

5. Summary of the main results 

 
In the alternative logging methods study, 8634 adult spiders representing 89 species or species 
groups were caught (Appendix 1 in Paper II). In the retention-tree group study, I caught a 
total of 24817 individuals of adult spiders representing 184 species in the retention-felled 
areas (Appendix 3 in Paper IV), and 1268 individuals representing 45 species in the control 
area (Appendix 4 in Paper IV). Of these, 5718 individuals representing 126 species were 
caught within the retention-tree groups (Appendix 1 in Paper III). In addition, I caught a total 
of 9968 carabid individuals representing 43 species in the retention-felled areas (Appendix 5 
in Paper IV), and 725 individuals representing 13 species in the control area (Appendix 6 in 
Paper IV). Of these, 2319 individuals representing 25 species were caught within the 
retention-tree groups (Appendix 2 in Paper III). The main findings are summarised below. 
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Paper I: Habitat affinity classification of spiders 
 
In Paper I I present the habitat affinity classification for spiders that was essential for the 
analyses of the a priori hypotheses in Papers II and III, the more exploratory analyses in 
Paper IV, and for the interpretation of the ordinations and multivariate regression trees in 
Papers II-IV. 
 
Paper II: Alternative logging methods 
 
1. As hypothesised, forest spiders responded negatively to logging. Thinning (aiming at an 
uneven age structure of trees) appeared to maintain forest spiders well. Following logging, 
forest species were virtually absent from the retention-tree groups and the clear-cut micro-
sites. The responses of forest species to gap felling were not consistent. Two forest species 
were almost completely absent even from the forested micro-sites of the gap-felled stands; 
whereas two other forest species had similar catches in the forested micro-sites of the gap-
felled stands compared to the control and thinned stands. 
 2. Surprisingly, most (semi-) open-habitat species (AB) responded to logging in a 
similar way as open-habitat species (A), although they were expected to be found also in 
semi-open habitats, such as forest edges (see Paper I). Most (semi-) open-habitat species (A 
and AB) were caught only after logging. For these species, clear-cutting did not differ from 
retention felling, but the gap-felled stands had fewer species and individuals. Many (semi-) 
open-habitat species were also caught within the retention-tree groups, but not as abundantly 
as in the large clear-cuts (with the exception of P. lugubris). 
 3. Species indifferent towards light intensity responded to logging in an inconsistent 
way. However, as hypothesised, the responses of the (medium-) moist-habitat species richness 
and the (medium-) moist-habitat species Tenuiphantes alacris (Blackwall, 1853) were similar 
to the forest species. 
 4. In the NMDS, the forested micro-sites grouped separately from the clear-cut micro-
sites. The small retention-tree groups grouped with clear-cuts, whereas the forested micro-
sites of the gap-felled stands grouped with the other forested micro-sites. Regarding species 
scores, forest species grouped together, and (semi-) open-habitat species grouped together. 
Similarly, species of different feeding guilds (hunters and web-builders, see Uetz 1977) 
formed distinctive clusters. 
 5. In the MRT, the clear-cut micro-sites differed from the forested ones and the 
retention-tree groups differed from the other forested micro-sites. The clear-cut micro-sites 
and retention-tree groups shared most of the indicator species, whereas the other forested 
micro-sites had different indicator species. 
 
Paper III: Size of the retention-tree groups 
 
1. There was no unambiguous support for the hypotheses that 1) species requiring forest 
and/or (medium-) moist habitat would be more abundant in larger retention-tree groups, 2) 
species requiring (semi-) open habitat would be more abundant in smaller retention-tree 
groups, and 3) species indifferent towards light intensity (excluding the (medium-) moist-
habitat species) would be caught in equal numbers in all retention-tree groups irrespective of 
their size. Most species responded as expected only in some years or (for spiders) only one of 
the sexes responded. Furthermore, most responses were not statistically significant. Moreover, 
some species responded contrary to what was expected. 
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 2. Within the retention-tree groups, numbers of individuals of many species requiring 
forest or (medium-) moist habitat decreased with time, and increased with time for many 
species requiring (semi-) open habitat. 
 3. In the NMDS graphs for spiders, the retention-tree groups moved with time. Forest 
species grouped separately from (semi-) open-habitat species. For carabids, there was no clear 
pattern in the NMDS graphs. 
 
Paper IV: Retention-felled areas 

 

1. Retention felling maintained some of the forest and/or (medium-) moist-habitat species in 
the short-term, but others seemed to disappear from the retention-tree groups. 

2. Many forest species decreased with time in the retention-felled areas (i.e. retention-
tree groups studied also in Paper III and adjacent clear-cuts), whereas (semi-) open-habitat 
species increased with time. The dominant spiders before logging were linyphiids (and other 
web-builders), but lycosids (and other hunters) became abundant after logging. The number of 
species of both spiders and carabids increased already in the first summer after logging. 
 3. The most abundant species of spiders changed over time, whereas the most 
abundant species of carabids remained the same. The change in the most abundant spiders 
took place also within the retention-tree groups, but it was greater in the clear-cuts. The 
ANOSIM revealed that the assemblages of spiders and carabids differed among the study 
years. 
 4. In the CCA, species assemblages in retention-tree groups separated from those in 
clear-cuts, and pre-treatment sites separated from after-treatment sites. In addition, forest and 
(semi-) open-habitat species formed distinctive scatters. Environmental variables connected 
with forest cover (i.e. retention-tree group size, number of standing trees, distance from the 
edge of a tree group) increased in different direction than environmental variables connected 
with clear-cuts (i.e. clear-cut size, isolation). 
 5. Although (semi-) open habitat spiders were collected fairly abundantly within the 
retention-tree groups after logging, they were more abundant in the clear-cuts. 
 

6. Discussion 

 

6.1. Forest species are maintained better when more trees are retained 

 

The aim of this thesis was to examine if leaving trees in harvesting positively affects 
assemblages and individual species of forest spiders and carabid beetles. The more trees were 
retained, the better the original species were maintained in the study that compared alternative 
logging methods (Paper II). However, I discovered an increase or decrease in abundance 
with increasing size of retention-tree groups only for a few spider species, and not for any 
carabid species (size 0.09-0.55 ha; Paper III). Similarly, Gandhi et al. (2004) did not find 
relationships between retention-tree group size (<1 to 2 ha) and catches of the most abundant 
carabid species. In contrast, Gandhi et al. (2001) found an effect of patch size (0.012-10.8 ha) 
on a forest carabid species Nebria crassicornis Van Dyke in fire residuals. In larger forest 
fragments (43-2350 ha), Burke and Goulet (1998) discovered that species richness and 
abundance of forest carabids increased with increasing forest fragment size. Therefore, it may 
be that the size range was too small in Paper III. An important subject for future research, 
therefore, is determining a critical threshold for the amount or size of retention. 
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 Thinning aiming at an uneven age structure of trees seemed to maintain the forest 
spider assemblage well (Paper II). This result is consistent with several studies, where 
thinning maintained forest spider and carabid assemblages well (Huhta 1965, Koivula 2002b, 
Vance & Nol 2003, Moore et al. 2004, Huber et al. 2006). However, this was not always the 
case (Willett 2001). In addition, in some studies there were differences between uncut and 
thinned forests (Werner & Raffa 2000, Schowalter et al. 2003). Furthermore, Vance and Nol 
(2003) found short-term effects, but 15-20 years after thinning, carabid assemblages 
resembled those of uncut forest. Moreover, it should be studied if thinning maintains forest 
fauna after the second regeneration (Vance & Nol 2003). Willett (2001) found that the more 
logging events there were the more the abundance and diversity of spiders were affected. 
Maintaining structural diversity with thinning may be crucial in maintaining the original 
spider (and carabid) assemblages (see Willett 2001). 
 Gap felling seems to better maintain forest spider assemblage than larger clear-cuts in 
the short-term, although some species may be lost (Paper II). As regards (semi-) open habitat 
spiders, gap felling (three 0.16 ha gaps) produced fewer individuals than larger (1 ha) clear-
cuts. In the same study sites, Koivula and Niemelä (2003) found that catches of forest carabid 
species did not differ between gap-felled and control stands, and open-habitat species invaded 
the clear-cut micro-sites. Similarly, Jennings et al. (1986, 1988) found that 23.4-49.7 m wide 
(roughly the same width as the uncut sections of the gap-felled stands in Paper II) forested 
strips between clear-cuts resembled uncut forest in their numbers of spider and carabid 
species and individuals. However, Siira-Pietikäinen et al. (2003), also in the same sites as in 
Paper II, showed a negative effect of gap felling on the total numbers of predatory soil-
dwelling arthropods, especially spiders. Also Osawa et al. (2005) found a negative effect of 
gap felling: large-bodied carabids decreased. On the other hand, Ulyshen et al. (2006) found 
differences in species composition between gaps (0.13, 0.26 and 0.50 ha in size) and uncut 
forests, but the abundance and richness of carabids in old gaps was similar to that of the 
surrounding forest. Therefore, gap age may be important; long-term studies should be 
conducted in order to determine if it is so. 

Both the 0.16-ha and 1-ha sized clear-cut micro sites seemed to be as poor for forest 
spiders (Appendix 1 in Paper II: mean number of individuals less than one). (Semi-) open 
habitat spiders, on the other hand, responded to gap size, being more abundant in the larger 
clear-cuts. As regards open-habitat species, Oxbrough et al. (2006) concluded that open 
spaces should be at least 15 m wide (1-1.5 times tree height) to support open habitat spiders. 
They did not report if gaps narrower than 15 m supported forest species. However, Ulyshen et 
al. (2006) found that for carabids, gap edges were very similar in their assemblages to those 
of the surrounding forests. Therefore, if the aim is to conserve forest species, gaps smaller 
than 1-1.5 tree height may be suitable for them. The clear-cut micro-sites in Paper II were 
wider than this (40 m x 40 m or 32 m x 50 m). Shure and Phillips (1991) found fewer spiders 
in medium-sized (0.08-0.4 ha) than in smaller or larger clear-cuts (0.016 and 2-10 ha, 
respectively). Although they did not report the habitat affinities, it may be that forest species 
survived in the smallest clear-cuts, and (semi-) open-habitat species had an affinity for the 
largest clear-cuts, but intermediate-sized clear-cuts were not that suitable for either of these 
habitat affinity groups. Klimaszewski et al. (2005) found that small gaps (0.06 and 0.13 ha in 
size) differed from large gaps (0.25 ha) in their carabid assemblage composition, but all-sized 
gaps differed from controls. In conclusion, determining if small gaps maintain forest species 
of spiders and carabids is a question for future research. 
 Small retention-tree groups (0.01-0.02 ha) did not well maintain forest spiders, 
although they differed to some extent from the clear-cut sections (Paper II). Large retention-
tree groups (0.09-0.55 ha) maintained some forest spider and carabid species in the short 
term, but seemed to loose some (Papers III and IV). As in Paper II, retention-tree groups 
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also differed to some extent from the clear-cut sections in Paper IV. Koivula (2002a) showed 
that the small retention-tree groups (0.01-0.02 ha; the same study sites as in Paper II) did not 
well maintain carabid species present before harvesting. When comparing Paper II and 
Koivula (2002a) with Papers III and IV, it seems that the larger retention-tree groups better 
maintained the forest spiders and carabids than the smaller ones, although some species were 
probably lost. In addition, the spider and carabid assemblages in the larger retention-tree 
groups differed from clear-cuts (Paper IV: CCA), but the smaller ones were similar to clear-
cuts (Paper II: NMDS and MRT). In contrast, Martikainen et al. (2006) found the carabid 
assemblages of retention-tree groups (three or five small tree groups with retention level of 10 
m3/ha or 50 m3/ha, respectively) to be intermediate as compared to clear-cuts and uncut 
forests. In Lemieux and Lindgren (2004) retention-tree groups (typically 0.1-2 ha in size) 
were similar to uncut forests and forest edges in one year, but intermediate to clear-cuts and 
uncut forest in the other year. Similarly, Gandhi et al. (2004) showed that the carabid and 
staphylinid beetle assemblages of retention-tree groups (<1 to 2 ha in size) resembled those of 
uncut forest, but the assemblages of retention-tree groups differed from those of fire residuals. 
 

6.2. Are forest species maintained in retention patches before forest 
grows back? 

 
I examined the occurrences of (semi-) open-habitat species in order to determine if forest 
species are maintained in retention patches before forest grows back. I hypothesised that the 
occurrence of (semi-) open-habitat species in the forested micro-sites (e.g. retention-tree 
groups) indicates a change in the forest condition, and thus the harvested stands may not 
maintain forest species in the long term. Indeed, there was an increasing share of (semi-) open 
habitat spiders within the retention-tree groups over time (Papers II-IV), which may indicate 
that the retention-tree groups are not able to function as ‘life-boats’. Also North et al. (1996; 
plants), Merrill et al. (1998; birds), Koivula (2002a; carabids), Gandhi et al. (2004; carabids 
and staphylinids) and Pearce et al. (2005; spiders, also some carabids) reported open-habitat 
species in retention-tree groups or small forest patches within clear-cuts. However, I did not 
catch many (semi-) open habitat carabids within the 0.09-0.55 ha sized retention-tree groups 
(Papers III-IV). In addition, I found that although (semi-) open habitat spiders invaded the 
retention-tree groups, their numbers were even higher in clear-cuts (Papers II and IV), 
possibly indicating that retention-tree groups may have a contribution in preserving forest 
species over the regeneration phase. Furthermore, in Paper II most (semi-) open habitat 
spiders did not invade the forested micro-sites of the gap-felled or thinned stands, indicating 
that if the retention level is high enough, at least some forest species may be preserved by 
variable retention. This viewpoint gets support from studies done in forest- clear-cut edges: 
open habitat spiders and carabids generally do not invade forest or move only a few meters 
into the forest (Heliölä et al. 2001, Oxbrough et al. 2006). 
 On the other hand, there were indications that some species might be lost already in 
the short-term. For example, the spruce mire carabid Platynus mannerheimii (Dejean, 1828) 
seemed to disappear from the 0,09-0,55 ha sized retention-tree groups in three years after 
logging (Paper IV), and the forest spiders Microneta viaria (Blackwall, 1841) and 
Tenuiphantes tenebricola (Wider, 1834) seemed to disappear from the forested micro-sites of 
the gap-felled stands, in addition to the small retention-tree groups (Paper II). Also Lance 
and Phinney (2001) found that some forest bird species were missing from the 2-5 ha sized 
retention-tree groups 2-4 years after logging. Similarly, Pearce et al. (2005), who studied 
forest patches (0.5-11.2 ha in size) within clear-cuts, found that small patches tended to 
maintain only common and abundant spider and carabid species. Therefore, it seems that the 
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retention-tree groups and even the forested parts of the gap-felled stands might lose the most 
sensitive species before forest grows back (or even in the short-term). It seems to take about 
20-30 years until the clear-cut forest is regenerated into such a phase where it no longer is 
considered as matrix, but as habitat for a forest spider or carabid (McIver et al. 1992, Koivula 
et al. 2002, Buddle et al. 2006, Niemelä et al. 2007). The question is then, whether these 
species are able to re-colonise the harvested areas from the surrounding forests. There are 
implications that some forest carabid species may not re-colonise during this time (Niemelä et 
al. 1993, Spence et al. 1996). Long-term studies would be needed to determine for how long 
the fauna continues to develop, and if the retention patches would speed up the re-
colonisation of the harvested areas by forest spiders and carabids. (See Discussion sections in 
Papers II-IV.) 
 

6.3. How much should be retained? 

 
What would be an appropriate level of retention? In particular, how large should the retention 
patches be? Even if the amount of green trees corresponded to the Fennoscandian 
recommendations (5-10 trees/ha; e.g. Raivio et al. 2001) in the alternative logging methods 
study, the retention-tree groups were too small for carabids (Koivula 2002a), soil arthropods 
(Siira-Pietikäinen et al. 2003), and vascular plants (Jalonen & Vanha-Majamaa 2001). The 
same seemed to apply for spiders (Paper II). This was because the spider assemblages of the 
small retention-tree groups were similar to the clear-cut micro-sites, i.e. (semi-) open-habitat 
species invaded the tree groups, and the numbers of individuals of forest species decreased 
there (some forest species were absent from the small retention-tree groups after logging). 
The amount of retention trees was higher in the retention-tree group study, but it appeared that 
retention-tree groups of 0.09-0.55-ha size might be too small to constitute ‘life-boats’, even if 
they maintained some forest species (Papers III-IV). I reached this conclusion because 
(semi-) open habitat spiders were fairly abundant within the tree groups irrespective of their 
size, the numbers of individuals of many forest species and (medium-) moist-habitat species 
decreased in the tree groups following logging, and some species seemed to disappear from 
the tree groups in three years following harvesting. Furthermore, even the forested micro-sites 
of the gap-felled stands seemed to be too small for some forest spider species (Paper II).  
This is consistent with Halpern et al. (1999) who stated that the retention-tree group size 
recommended in USA (from 0.2 to >1 ha) is too small to escape edge effects. Taking shape 
into account when establishing retention-tree groups could help in reducing edge effects. For 
example, Gandhi et al. (2004) found that shape of a retention-tree group affected carabids: 
total catches and species diversity were highest in round tree groups. 

The appropriate size of a retention patch (e.g. retention-tree group) can be estimated 
by examining studies performed in forest fragments. In addition to the above studies, Mader 
(1984) estimated that forests smaller than 0.5 ha consist entirely of edge habitat. He also 
estimated that in order to have a larger proportion of forest-dwelling species than species of 
other habitats, the area needed for carabids would be 2-5 ha, and 10 ha for wandering spiders. 
Miyashita et al. (1998) found less web-building spiders in smaller forest fragments, and their 
density decreased considerably with fragment size less than 1 ha (web-builders are generally 
associated with forests, see e.g. Huhta 1971, Coyle 1981, Väisänen & Biström 1990, Pajunen 
et al.1995, McIver et al. 1992, Buddle et al. 2000, Larrivée et al. 2005). Halme & Niemelä 
(1993) found that open habitat carabid species were present in forest fragments smaller than 
three hectares, thus the assemblage structure differed from forest interior. Concerning both 
spiders and carabids, Pearce et al. (2005) estimated that patches smaller than three hectares 
may be too small to function effectively, unless very close to other forest patches. 
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Furthermore, Didham (1997) stated that even 100-ha-sized forest fragments might not be 
large enough to preserve an intact interior forest beetle fauna. When considering these 
estimates, it seems that the recommended retention-tree group sizes (e.g. from 0.2 to >1 ha in 
USA in Halpern et al. 1999; the Fennoscandian recommendations with 5-10 trees/ha also 
correspond to tree groups smaller than the small ones in Paper II) are not large enough for 
the maintenance of forest species of spiders and carabids, but the size of a retention patch 
should be at least a few hectares. In other words, retention-tree groups smaller than a few 
hectares probably do not constitute ‘life-boats’ for spiders and carabids. However, retaining 
patches that are that large may be impossible in Europe, as clear-cut areas are fairly small. For 
example, in Estonia the average clear-cut size is 2.3 ha (Lõhmus et al. 2006). 

Before establishing the appropriate level of retention, the aims of retaining trees 
should be clarified. Is the goal to preserve an intact interior forest assemblage or to maintain a 
higher proportion of forest-dwelling species than that of species invading from the 
surrounding habitats? Or is the goal to preserve certain species, e.g. the most sensitive ones? 
As regards biodiversity, sustainable forest management is usually interpreted as preserving all 
species (Noss 1993 in Taylor & Doran 2001). However, the common forest species probably 
do not need modified logging methods, if there is enough forest habitat at the landscape level, 
so that these species can re-colonise the harvested areas. Potentially the most sensitive species 
are ones with poor dispersal ability, and strict habitat associations (e.g. den Boer 1990a, 
1990b, de Vries & den Boer 1990). For example, Burke and Goulet (1998) discovered that 
decreasing forest fragment size especially affected forest specialist carabids with poor 
dispersal abilities. Taylor and Doran (2001) suggest that the focus should be on those species 
that are likely to be most adversely affected in the long term or that are associated with 
important microhabitats or structural components that could be affected by forest 
management. For example, Koivula (2002b) suggested that the most sensitive carabid species 
would be found amongst spruce mire specialists (e.g. P. mannerheimii). Such species of 
spiders and carabids that could benefit from retention patches should be specified (see 
Discussion in Paper IV). 
 

6.4. Variable retention at the landscape-level 

 
A consequence of providing recommendations of the number of green trees retained per 
hectare might lead to low number of retention-trees in every stand. However, biodiversity 
might benefit more if the amount of retention-trees is varied between stands, i.e. leaving a 
high amount of green trees in some stands, but none in others (Schieck et al. 2000, Raivio et 
al. 2001, Smyth et al. 2005). According to Hanski (2000) it would be more efficient to 
concentrate efforts to improve forest quality in certain areas, instead of spreading the same 
total effort evenly across the landscape. In a broader perspective, different harvesting methods 
should be applied varying from thinning to clear-cutting (and of course, reserving some areas 
totally from management). Implementing an array of management strategies may help in 
meeting the diverse requirements of different taxa (Lindenmayer et al. 2000, Werner & Raffa 
2000, Huggard & Vyse 2002). Implementing several management strategies would also 
mimic natural disturbances better than applying the same amount and spatial pattern 
everywhere, because forest fires are heterogeneous and because there are different natural 
disturbances with different scales (Guldin 1996, Östlund et al. 1997, Schieck et al. 2000). For 
example, Smyth et al. (2005) recommended to incorporate the mean and range of live residual 
trees (which vary among forest types) observed after wildfire in landscape-level planning. 
This calls for studies determining if different amounts of residual trees in harvested areas 
correspond to those left by wildfire in their effects on biodiversity (Smyth et al. 2005). 
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Green-tree retention and gap felling may increase fragmentation. If a high amount of 
green trees is retained, timber companies must log more stands in order to obtain the same 
amount of timber, which also means constructing more roads and opening up the forests to 
human access (Tittler & Hannon 2000). In addition, a landscape with small clear-cuts and 
small forest fragments has a lot of edge habitat, but the amount of interior forest habitat is 
small (Swanson & Franklin 1992). Furthermore, at around 20% of original habitat in the 
landscape, habitat patches also start to be more isolated in addition to being smaller (Andrén 
1994). Isolation of forest fragments may be important for spiders and carabids (Usher et al. 
1993, Burke & Goulet 1998). Magura et al. (2001 and references therein) recommend the 
distance between forest patches (stepping stones) to be 500-600 m, because this is the 
distance that poorly colonising forest carabid species can move through matrix. Landscape-
level planning would be important in order to insure sufficient amounts of interior habitat and 
structural features in a larger scale, in addition to avoiding isolation of forest patches. 
 

6.5. Retention-tree group study 

 

Although we took all the available patches that were similar enough in their vegetation, the 
number of retention-tree groups in the retention-tree group study design (Papers III and IV) 
may have been too small to detect statistically significant differences in responses for patch 
size (11, and one control area). The size of the retention-tree groups varied as well according 
to the original spruce mire patches (five of them about 0.1 ha, four about 0.2 ha, one about 0.3 
ha, and one 0.6 ha). Thus, the replication of the largest sizes was especially few. The limited 
replication might be one reason why we detected ambiguous responses for the retention-tree 
group size in Paper III. 

On the other hand, there were good reasons to harvest the sites the way they were 
logged. There was a need to perform the logging, as it would have been done in normal 
forestry (see Paper III). Therefore, the retention-tree groups were established in spruce mire 
patches. The retention-tree-groups-to-be differed from their surroundings in their vegetation, 
and had a higher amount of aspen (Populus tremula L.) and dead wood (Vanha-Majamaa & 
Jalonen 2001). In addition, spruce mires have been postulated as fire refugia, although only 
few of them seem to be such (Segerström et al. 1994, Hörnberg et al. 1998). Old-growth 
spruce mires are currently rare in Fennoscandia because of drainage of wetlands and short 
rotation periods (Hörnberg et al. 1998). Adding structural diversity with retention-tree groups 
might give a possibility of creating analogues for fire residuals in the long-term. Although 
retention-tree groups were not sufficient analogues for fire residuals for carabids and 
staphylinids in Canada (Gandhi et al. 2004), could they become such with time? 

I considered a power analysis to figure out how many tree groups would have been 
needed if the experiment was redesigned, but the techniques for modelling the power of 
complex designs are not well developed, and there is little consensus regarding the 
appropriateness for those that do exist (Bausell & Li 2002). In addition, Muller et al. (1992) 
suggested that power should not be calculated if appropriate models were not available, as the 
estimated sample size might be too small or too large. In particular, power analysis for models 
using negative binomial as the error distribution seems not to be available. The power would 
probably have increased if traps were separated in the analyses, but they were pooled already 
in the field. 
 There was evidence that the number of standing trees may play a significant role for 
spiders and carabids (Paper IV: CCA). This may be another reason for not detecting the 
effect of patch size in Paper III, as a large amount of the retention-trees were wind blown. 
Hautala et al. (2004) estimated that by the end of the second year after logging, 40% of the 
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retention-trees were uprooted. However, the number of trees was not included in the GLMM 
analyses in Paper III because of limited replication, and therefore too many parameters could 
not be included in the models (we chose to perform the models with patch size, for which we 
had a priori hypotheses). 
 In the clear-cuts, the traps were placed fairly close to the retention-tree groups (Figure 
1 in Paper IV). Thus, the two trap rows were situated 10 and 20 meters from the edge of a 
retention-tree group into the clear-cut. This is approximately 1-1.5 tree height, i.e. trees cast a 
shade this far into the clear-cut size (see Oxbrough et al. 2006). This may be one reason for 
finding forest species in the clear-cuts; they were shady enough close to the tree groups for 
the forest species to move around. This view is supported by Ulyshen et al. (2006) who found 
that the carabid assemblage at the gap edge was similar to that of the surrounding forest. 
Another explanation for finding forest species in clear-cuts is that they survive there for a few 
years (Huhta 1971, Niemelä et al. 1993, Koivula 2002a), but do not reproduce there (see 
Discussion in Paper III). This study does not allow for the evaluation of these rival 
explanations, as there were no traps further away in the clear-cut side to examine whether the 
number of individuals of forest species would be lower there. 
 

6.6. Habitat affinity classification 

 
Although Huhta’s (1971) study emphasised both light intensity and moisture in the habitat 
affinity classification (see Paper I), it seems that, based on Papers II-IV, for most spiders 
and carabids it is sufficient to take only the affinity for light intensity into account when 
dealing with forest management. However, among the species indifferent towards light 
intensity, the (medium-) moist-habitat species (ABC23 and ABC3) were hypothesised to 
respond like forest species (see Huhta 1971), as they did. This is consistent with Koivula 
(2002b) who separated spruce mire carabid specialists as one habitat affinity group. 
Interestingly, (semi-) open-habitat species (AB) responded like open-habitat species (A), and 
the responses of forest generalists (BC) and shady forest species (C) were similar, although 
some differences were detected in Paper IV. Therefore, it seems that the classification into 
open habitat, forest and generalist species used in most papers (e.g. Koivula 2002a, Niemelä 
et al. 2007) is appropriate, except that the (medium-) moist-habitat species should be grouped 
with forest species when formulating hypotheses. In addition, I would like to know if the 
open-habitat species group contains species that also occur in semi-open habitats (AB), 
because there may be (semi-) open-habitat species that differ from the rest in their response. 
For example, in Paper II, P. lugubris responded differently than the other (semi-) open 
habitat spiders. P. lugubris is a species with a clear affinity for both open habitats and light 
forests (Paper I) because they use forests for over-wintering and openings for reproduction 
(Edgar 1971). Grouping such species together with open-habitat species in the analyses could 
hide a possible response. I did not have enough individuals of such species that would occur 
solely in semi-open habitats (B) to draw solid conclusions concerning them, although based 
on Paper IV, it seems that the semi-open habitat species responded like (semi-) open habitat 
species (A and AB). 

In Paper IV, the mean number of spider individuals belonging to the habitat affinity 
class ‘indifferent towards light intensity’ (ABC) decreased after logging, and the same was 
true for the carabids in the third year (although for the carabids the total number of individuals 
decreased as well in the third year). This may be explained by the habitat affinity 
classification: the occurrence in clear-cuts in literature was taken into account in the 
classification (Paper I). Forest species of both spiders and carabids have been observed to 
survive in clear-cuts for a few years (e.g. Huhta 1971, McIver et al. 1992, Koivula 2002a), but 
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the occurrence in clear-cuts may not represent a ‘real’ affinity.  If clear-cuts were not taken 
into account in the habitat affinity classification, most species now in the indifferent towards 
light intensity class would be either forest generalists (BC) or (medium-) moist-habitat species 
(ABC23 or ABC3). Both these groups should respond to logging exactly as I found them to 
respond (e.g. Huhta 1971, Koivula 2002a). 
 

6.7. Occurrence of male and female spiders 

 
Although previous literature (e.g. Heydemann 1960, Vlijm & Richter 1966, Vlijm & Kessler-
Geschiere 1967, Edgar 1971) led me to hypothesise that male and female spiders might 
respond differently (or actually, that the response would be clearer for females than for 
males), there were no consistently different responses for males and females. This may be 
because sexes were not separated in the habitat affinity classification (Paper I). 

Another possible reason may be that females were less numerous because I used 
pitfall traps for catching spiders. Therefore, I may not have detected the possible response. 
The highest abundances per species were found amongst lycosid males. Activity influences 
pitfall trap catches (e.g. Greenslade 1964). Male spiders move around actively when searching 
for mates, resulting in a higher probability in falling into pitfall traps (e.g. Tretzel 1954 in 
Huhta 1971). For example, in the retention-tree group study, I caught 2673 individuals (in 
1999-2001) of the lycosid Pardosa riparia (C. L. Koch, 1833), 77% of which were males and 
23% females (Appendix 3 in Paper IV). Another example from the same study is the 
linyphiid Centromerus arcanus (O. P.-Cambridge, 1873). I caught altogether 1674 individuals 
(in 1998-2001), 74% of which were males and 26% females (Appendix 3 in Paper IV). In 
addition, there is a nine-fold difference in activity for lycosids and linyphiids (Heydemann 
1961 in Huhta 1971). The possible differences in responses of male and female spiders could 
be further explored with other sampling methods, such as soil/litter samples, but this can be 
done only after the habitat affinity is specified for each sex. 
 

7. Conclusions 

 
It seems that the more trees are retained the better the original spider and carabid assemblages 
are maintained in harvesting. Thinning aiming at uneven age structure seemed to be as good 
as uncut forest for ground-living spiders (Paper II). It should, however, be determined, if 
‘normal’ thinning (with the aim of an even age structure or more space for ‘better-quality’ 
trees to grow) is as good as the thinning applied in this thesis (with the aim of an uneven age 
structure of trees), and the effects of the second regeneration should be studied. Small 
retention-tree groups (0.01-0.02 ha) did not well maintain forest spiders, although they 
differed to some extent from the clear-cuts (Paper II). Large retention-tree groups (0.09-0.55 
ha) maintained some forest species of spiders and carabids in the short-term, but seemed to 
lose some (Papers III and IV). Also gap felling maintained some forest spider species in the 
short-term, but seemed to lose some (Paper II). 

However, gap felling (Paper II) and green-tree retention (Papers II-IV) need to be 
studied more before final conclusions. Especially long-term studies are needed, along with 
studies determining appropriate patch size, and the importance of structural diversity provided 
by variable retention for spiders and carabids. However, before that can be done, aims of 
using modified logging methods should be specified carefully. The mechanisms of green-tree 
retention (i.e. ‘life-boating’, stepping-stones, or structural features; see Franklin et al. 1997) 
should be studied in order to decide about the aims of retaining green trees. More resources 
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should be allocated in determining those species that would benefit from variable retention. 
Moreover, as there are economic costs associated with modified logging methods, their 
ecological benefits as compared to other approaches aimed at maintaining biodiversity should 
be carefully assessed. Adaptive management, i.e. learning from management experiments, is 
imperative in order to develop better management strategies over time (e.g. Lindenmayer et 
al. 2000, Smyth et al. 2005). 
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