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ABSTRACT

Rantalainen, Minna-Liisa

Sensitivity of soil decomposer communities to habitat fragmentation — an
experimental approach

Jyvaskyla: University of Jyvaskyla, 2004, 38 p.

(Jyvaskyla Studies in Biological and Environmental Science,

ISSN 1456-9701; 134)

ISBN 951-39-1715-0

Yhteenveto: Maaperan hajottajayhteison vasteet elinympariston
pirstaloitumiseen

Diss.

The objectives of this thesis were (i) to experimentally investigate the effects of
habitat fragmentation on soil decomposers, and (ii) to examine whether such
studies of soil decomposer communities can be used as a tool to provide generally
applicable information on the consequences of habitat fragmentation. Special
emphasis was put on testing the utility of habitat corridors in mitigating the
expected negative effects of fragmentation. The experiments were conducted both
in the laboratory and in the field. The results show that the soil decomposer
organisms are, in general, relatively insensitive to habitat fragmentation. However,
some predatory and rare, non-predatory microarthropod species were an exception
to this rule, being negatively affected by restricted habitat size. The functioning of
corridors in alleviating fragmentation-induced effects was practically undetected.
Despite this, corridors were shown to facilitate the colonisation of new habitats by
both soil fauna and microbes, suggesting that the corridors may benefit a whole
community instead of only one or a few species. It was also shown that resource
quality is a fundamental factor in determining the abundance of soil decomposers
in fragmented habitats. The present studies were novel in the sense that they
investigated the responses of a wide variety of organisms, from basal resources to
top predators. Although it is unlikely that the results can be straightforwardly
extrapolated to larger scales, they nevertheless suggest that not all communities,
and species therein, unanimously suffer from habitat fragmentation. On the other
hand, the fragmentation responses of soil microarthropods may not differ that
much from those of aboveground organisms operating at larger scales. The results
of this thesis support the applicability of studying soil food webs as a tool for
solving questions related to both applied and theoretical ecology.

Key words: Habitat corridors; habitat fragmentation; resource quality; soil
fauna; soil food webs; soil microbes.

M.-L. Rantalainen, Department of Biological and Environmental Science, P.O. Box 35,
FI-40014 University of Jyviskyli, Finland



Author’s address

Supervisors

Reviewers

Opponent

MSc Minna-Liisa Rantalainen

Department of Biological and Environmental Science
P.O. Box 35

FI-40014 University of Jyvaskyla, Finland

E-mail: minranta@bytl.jyu.fi

Docent Heikki Setala

Department of Environmental and Ecological Sciences
University of Helsinki

Niemenkatu 73

FI-15140 Lahti, Finland

Docent Jari Haimi

Department of Biological and Environmental Science
P.O. Box 35

FI-40014 University of Jyvaskyla, Finland

Dr Matty Berg

Department of Animal Ecology
Institute of Ecological Science

De Boelelaan 1085

1081 HV Amsterdam, The Netherlands

Docent Atte Moilanen

Metapopulation Research Group
Division of Population Biology

P.O. Box 65

FI-00014 University of Helsinki, Finland

Professor Juliane Filser

University of Bremen, UFT

Department of General and Theoretical Ecology
Leobener Str.

D-28359 Bremen, Germany



CONTENTS

ABSTRACT
LIST OF ORIGINAL PUBLICATIONS

1 INTRODUCTION.......coeiiriiiriiiiinininiciisini s 7
1.1 Background for the thesis..........cccccviiniiiiiniiniiiiiincccccce 7
1.2 Habitat fragmentation ............ccoeeviiiiniiininiiiniciiciccccceeeees 7
1.3 Habitat corridors. ... 9
1.4 Why study habitat fragmentation using soil organisms?...................... 11
1.5 Habitat change and resource quality .........cccccceriiiiiiiiiiiiiiiccnes 12
1.6 Aims and main hypotheses of the thesis..........cccccoeiiiiiiiins 13
2 MATERIALS AND METHODS ........cccccceiviiiiiiininiininnicceeee, 14
2.1 General design of the experiments...........c.ccceeeeireincinncnnccniccee, 14
2.2 Micro- and mesocosm experiments (I, II) ........cccceoevvveiniinicinncnnnne. 14
2.3 Field experiments (III-V) .......cccouiiiniiniiiiiiiiiiiciccceeeee 15
2.3.1 Experimental Sites............cccoceviiiiiiiiiiiiiiiiiiiicc 15
2.3.2 Set-up of the experiments...........cccceruereuiiiciiciicccccces 16
24 ANALYSES....coiiiiiiiiiiiic s 17
2.4.1 Biological and physicochemical analyses ...........ccccccocecicinnnnes 17
2.4.2 Statistical analyses ........ccccecvvueirieiriiiiniciiccee 17
3 RESULTS AND DISCUSSION ......ccocooiiiimiimimiiiiiiiciceicicieieieieenereeesenenenenenes 18
3.1 Soil decomposer community as affected by fragmentation and
fragment size (IL, IIL, V) .c.ooooiiiiiiiiiiiicccceeas 18
3.1.1 Responses of soil fatuna..........ccccceruiiiiciiiiicccccccccs 18
3.1.2 Responses of s0il MiCrobes...........cccoceuiuiuiuiiiiirciciiriiciciciccccennnes 20
3.2 Effects of habitat corridors on soil decomposers (I-IV) ...........cccccccue. 20
3.2.1 Responses of soil fatuna..........cccoceevieuiinciniiciincicccccees 20
3.2.2 Responses of soil microbes...........ccccccuveiniiicinciniicnniiiccae, 22
3.3 Effects of resources on soil decomposers...........ccccceeuvueivrenirieciniccnennene. 23
3.3.1 Responses of soil fatna..........cccoeviuiiiiiiiiiiiciccccccns 23
3.3.2 Responses of s0il MIiCIrobes...........ccceeuiuiuiuiiiiiiiiniiiiicicciccccennnes 23
3.4 Relevance of the results at a wider perspective and future
PTOSPECES ..ttt 24
4 CONCLUSIONS. ..ottt 27
ACKNOWICAGEIMENES ...ttt 28
YHTEENVETO ... nennnes 29

REFERENCES ...ttt ettt sttt 31



LIST OF ORIGINAL PUBLICATIONS

This thesis is based on the following articles, which are referred to in the text by
their Roman numerals. Apart from original planning, I have personally
performed a majority of the work (except in paper V). I have also written the
first drafts of all articles, which were then completed in co-operation with the
other authors.

II

III

IV

Rantalainen, M.-L., Fritze, H., Haimi, J., Kiikkila, O., Pennanen, T. & Setal3,
H. 2004. Do enchytraeid worms and habitat corridors facilitate the

colonisation of habitat patches by soil microbes? Biology and Fertility of
Soils 39: 200-208.

Rantalainen, M.-L., Haimi, J. & Setala, H. 2004. Testing the usefulness of
habitat corridors in mitigating the negative effects of fragmentation: the

soil faunal community as a model system. Applied Soil Ecology 25: 267-
274.

Rantalainen, M.-L., Fritze, H., Haimi, J., Pennanen, T. & Setala, H. Species
richness and food web structure of soil decomposer community as
affected by the size of habitat fragment and habitat corridors. Manuscript,
submitted.

Rantalainen, M.-L., Fritze, H., Haimi, J., Pennanen, T. & Setala, H.
Colonisation of newly established habitats by soil decomposer organisms:
the effect of habitat corridors in relation to colonisation distance and
habitat size. Manuscript, submitted.

Rantalainen, M.-L., Kontiola, L., Haimi, J., Fritze, H. & Setala, H. Influence
of resource quality on the composition of soil decomposer community in
fragmented and continuous habitat. Manuscript, submitted.



1 INTRODUCTION

1.1 Background for the thesis

Dating back to the early 1980’s, the “Soil Group” at the University of Jyvaskyla
has had a strong tradition of studying the organisms and processes of soils.
Previous studies of the research group have investigated the responses of soil
biota to various anthropogenic disturbances, such as fertilisation of forests
(Huhta et al. 1986), forest management practices (Siira-Pietikdinen 2002) and
use of pesticides (Martikainen 1998). Furthermore, the functional importance of
soil organisms in affecting ecosystem processes has been under focus (Setald
1990, Haimi 1993, Mikola 1997, Laakso 1998, Liiri 2001, Sulkava 2001, Nieminen
2002). The current thesis forms a logical continuum to the previous studies,
concentrating on factors that can potentially affect the local diversity of soil
organisms of coniferous forest floor, i.e. habitat fragmentation, habitat corridors
and resource quality.

1.2 Habitat fragmentation

Habitat fragmentation, generally defined as the loss of an organism’s natural
habitat, accompanied with an increase in isolation of the remaining habitat
areas (Collinge 1996), constitutes a major and universally occurring threat to the
biodiversity of various terrestrial ecosystems (Sih et al. 2000). Even though
habitat fragmentation can be caused by natural phenomena, such as fires and
floods, the predominant culprit nowadays is the unceasing sprawl of urban and
agricultural areas (Collinge 1996, Vitousek et al. 1997). The disappearance,
shrinkage and deterioration of natural habitats often induce diminution or even
total extinction of the original populations, leading to substantially lowered
diversity of the community. Due to its high prevalence, studying the effects of
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habitat fragmentation on different populations has gained substantial attention
among ecologists — from both theoretical and empirical points of view
(reviewed by Collinge 1996, Harrison & Bruna 1999, Tscharntke & Kruess 1999,
Debinski & Holt 2000, Drake et al. 2002, Steffan-Dewenter & Tscharntke 2002).
Whilst gathering information on the consequences of habitat fragmentation in
different ecosystems is crucial, the ultimate goal of this research has been to
accumulate knowledge to improve conservation of the remaining habitats and
populations therein (Quinn & Harrison 1988, Burkey 1989, Hanski 1994, Burkey
1995, Collinge 1996, Cabeza & Moilanen 2001).

The concept of scale is one of the central tenets in modern ecology (Menge
& Olson 1990, Levin 1992) and it is also a major issue when habitat
fragmentation is concerned (Andrén 1994). It is well acknowledged that both
temporal and spatial scale of fragmentation can considerably direct
fragmentation processes (Sih et al. 2000). For instance, an abrupt habitat change
may be more likely to lead to extinctions than a subtle change occurring at a
longer time-scale, which offers time for the organisms to adapt. Concerning the
effects of spatial scale, large fragments are usually predicted to have a more
species-rich community than small fragments. To begin with, such a positive
species-area relationship (Rosenzweig 1995) may simply result from a sheer
sampling effect (random sample hypothesis; Connor & McCoy 1979, Andrén
1996). Fragment size may also determine the rate of species extinctions
following fragmentation (relaxation effect; Diamond 1972, Gonzalez 2000), with
large fragments offering generally better probabilities for long-term survival of
species/populations than small ones (Burkey 1989, 1995). Small fragments often
harbour small populations predicted to be especially vulnerable to extinctions
caused by e.g. demographic or environmental stochasticity (Burkey 1995). Large
fragments are also more likely to become (re)colonised than small fragments
(MacArthur & Wilson 1967).

It should be noted that the concept of “spatial scale of fragmentation”
embodies also variables other than size of the fragment. Such variables are the
shape, location and distance of the fragment to other habitat areas.
Nevertheless, most studies on habitat fragmentation have recognised habitat
size as the major determinant for species’ persistence (Collinge 1996). Size
effects are often explained by the high proportion of edge in relation to area in
small fragments, which are consequently more vulnerable to “edge effects”
than large fragments. Edge effects may induce changes in both physical and
biotic conditions of the fragments (Saunders et al. 1991, Murcia 1995, Fagan et
al. 1999), rendering them, in the worst case, uninhabitable for some species.

Spatial configuration of the remaining habitat areas, combined with the
quality of the surrounding matrix (Fahrig 2001) defines the degree of their
isolation, which is a fundamentally important factor in determining the effects
of habitat fragmentation (Andrén 1994, 1996). The importance of isolation lies
with its effect on the ability of a given organism to disperse between habitat
areas (Gustafson & Gardner 1996), ultimately determining the fate of local
populations inhabiting the fragmented landscapes. It is hypothesized that
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immigrants dispersing from other habitat areas can increase the persistence
time of the local population and even save it from extinction by increasing the
population size (Hanski 1999). This hypothesis has been termed the “rescue
effect” (Brown & Kodric-Brown 1977) and has been studied mainly
theoretically in the light of the metapopulation (and —community) concept
(Burkey 1989, Anderson & Danielson 1997, Hanski 1999, Jordan 2000).
Metapopulations are regional populations consisting of many small local
populations, which go extinct frequently, but the simultaneous establishment of
new local populations by dispersing individuals can maintain the
metapopulation structure indefinitely (Hanski 1999). Despite the fairly sound
theoretical background, the actual functioning of the rescue effect has been
empirically demonstrated only rarely (Clinchy 1997; but see Gilbert et al. 1998,
Gonzalez et al. 1998, Hanski 1999, Coffman et al. 2001, Gonzalez & Chaneton
2002).

The negative effects of habitat fragmentation have been shown to relate to
a wide variety of taxonomic groups of organisms, from microarthropods to
large mammals. Importantly, it is the characteristics of the organism in question
that ultimately determine its responses to fragmentation (Tracy & George 1992,
Andrén 1996, Andreassen et al. 1998, Davies & Margules 1998). On the other
hand, there are some attributes, such as large body size, high trophic status,
rarity, habitat specificity and low dispersal capacity, which have been shown in
various groups of organisms to correlate with high vulnerability to habitat
fragmentation (e.g. Kruess & Tscharntke 1994, De Vries et al. 1996, Burkey 1997,
Davies et al. 2000, Kotze & O’Hara 2003).

1.3 Habitat corridors

Habitat corridors, i.e. linear strips of habitat connecting habitat areas (Beier &
Noss 1998; see Hess & Fischer 2001 for further definitions), have been offered as
a means to mitigate the negative effects of fragmentation and particularly, of
isolation. The habitat corridors should provide (i) a dispersal pathway for
species unable to utilise the unattractive matrix for dispersal (habitat specialists;
Tiebout & Anderson 1996, Haddad et al. 2003) or (ii) a safer dispersal route as
compared to the matrix, thus increasing the survival probability of dispersers
(Forman & Godron 1981). Consequently, the presence of corridors has been
predicted to induce (or strengthen) the rescue effect, thus maintaining the
populations and/or diversity of species inhabiting the connected fragments
(Burkey 1989, Hanski 1999) or alternatively, reducing the time required for
organisms to recolonise currently uninhabited patches (Hess 1994). On the
other hand, corridors could bring about severe negative implications, such as
spread of diseases (Hess 1994) and increase in the mortality rate of dispersers
due to low quality of the corridor as a habitat (Henein & Merriam 1990). The
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risk of predation in the presence of corridors may also increase (Simberloff et al.
1992).

Despite the criticism, it is generally accepted that corridors are beneficial
for populations inhabiting fragmented habitats. The corridor hypothesis has
been widely theorized and modelled and has also been a subject of various
experiments (reviewed by Rosenberg et al. 1997, Beier & Noss 1998, Debinski &
Holt 2000, Niemela 2001). However, as the experiments have produced vague
and even contrasting results, the actual usefulness of habitat corridors still
largely remains a matter of controversy. The most convincing evidence
supporting the importance of corridors comes from experiments operating at
relatively small scales (e.g. Gilbert et al. 1998, Gonzalez et al. 1998, Gonzalez &
Chaneton 2002), whereas experiments conducted at larger scales, considered
more relevant to nature conservation, have often failed to demonstrate
plausibly the applicability of corridors (Rosenberg et al. 1997; but see
Tewksbury et al. 2002, Haddad et al. 2003). These failures are due largely to
practical difficulties in setting up experiments with proper replication and
sufficient spatio-temporal scale in relation to the characteristics of the
organisms studied (Debinski & Holt 2000). Therefore, the use of small-scale
model systems may well be a relevant way to shed light on the corridor issue
(Burkey 1997, Gonzalez 2000) despite the fact that extrapolating the results of
small-scale studies to larger scales is rarely straightforward (e.g. Carpenter
1996, Drake et al. 1996, Lawton 1999, Monkkonen & Reunanen 1999, Haddad et
al. 2000, Noss & Beier 2000). It has been proposed that no single “right” scale
exists at which ecological processes are to be studied (Levin 1992). This
indicates that things happening at small scales may bring about valuable
predictions of similar phenomena taking place at larger scales (Lawton 1999).
Whatever the scale, it is essential to select it properly in relation to the traits
(e.g. body size, dispersal capacity) of the organisms studied.

The ambiguousness of the experimental evidence on the applicability of
corridors may also result from the interdependency between the characteristics
of the organism (e.g. size, mobility, habitat specificity) and the properties of the
corridors (e.g. width, habitat quality) (Andreassen et al. 1996). The spatial
configuration of the corridor-patch systems may also be of great importance
(Collinge 1998). Moreover, it has been suggested that the responses of
organisms to the presence of habitat corridors are strictly species-specific
(Hobbs 1992, Beier & Noss 1998; but see Tewksbury et al. 2002, Hudgens &
Haddad 2003), which would inevitably render the use of model systems
fruitless. However, as nature conservation rarely is about preserving one or just
a few species but the entire community, it is worthwhile to collect generally
applicable information on the utility of habitat corridors for organisms with
different kinds of life-history traits.
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1.4 Why study habitat fragmentation using soil organisms?

The effects of habitat fragmentation on soil decomposer organisms have
remained largely unexplored (but see Didham 1998, Gilbert et al. 1998,
Gonzalez et al. 1998, Gonzalez & Chaneton 2002, Wardle et al. 2003), even
though the critical functioning of decomposers in the processes in soils could
give special value to such information (Wardle et al. 2003). Besides narrowing
this gap in knowledge, my intention was to use the soil decomposer community
as a tool for studying the responses of communities to habitat fragmentation.
The soil decomposer communities possess many attributes that render them a
noteworthy tool for use in studies of this kind (see also Wright & Coleman
1993).

First, soil food webs include a wide variety of organisms with different
sets of life-history traits. For instance, active dispersal capacities of soil
organisms appear to vary greatly, ranging from relatively mobile predatory
mites and large collembolans (Siepel 1994) to fairly immobile nematodes and
soil bacteria (Dighton et al. 1997). Furthermore, soil food webs are composed of
various trophic positions, with a large variation in both body size and spatial
distribution of the taxa. Consequently, soil communities offer a great
opportunity to look for special traits that could render a given species
vulnerable to fragmentation. Second, not only the soil decomposer
communities, but also their habitat can be manipulated fairly easily. Small size
and short life cycles of most of the organisms make it possible to construct
properly replicated experiments with relevant spatial and temporal scales, thus
avoiding scale-related complications typical to many previous experiments
(Debinski & Holt 2000, Davies et al. 2001). Habitat size and distance to other
habitat areas also can be adjusted relatively easily. Finally, the effects can be
studied at various levels of the community hierarchy, from species to
community and even ecosystem level (Wardle et al. 2003).

The soil decomposer community is responsible for mineralising nutrients
bound to dead organic matter (Petersen & Luxton 1982, Wardle 2002), thereby
representing an irreplaceable component in the functioning of entire ecosystems
(Copley 2000). It is possible, albeit a controversial issue (Ekschmitt & Griffiths
1998, Setala et al. 1998), that fragmentation-induced changes in the composition
of the soil community, such as lowered species diversity, could hamper the
functioning of not only soils, but also the entire ecosystem. In any case, there
are some key functional groups or keystone species in soils whose responses to
habitat fragmentation are likely to be mirrored in the functioning of the whole
community (Didham et al. 1996).

Large-scale changes in landscapes, such as those caused by forest
management practices, may intuitively appear irrelevant from the soil
organisms’ point of view. However, forestry practices, such as harrowing the
soil, can cause fragmentation of the forest floor at scales relevant to the soil
biota (Siira-Pietikainen et al. 2003). In previous studies, comparable small-scale
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fragmentation has been shown to affect negatively the species diversity of
moss-inhabiting arthropod communities (Gilbert et al. 1998, Gonzalez et al.
1998, Gonzalez & Chaneton 2002), consisting of the same key groups of fauna as
the communities in soils. Bearing in mind the indispensable role of soil
decomposers in ecosystem processes, it is of interest to study their responses to
small-scale habitat change per se, not only their responses as model
communities.

1.5 Habitat change and resource quality

The smaller the habitat fragment is, the less likely it is to contain a full set of
resources needed by a given organism to complete its life cycle. Therefore, the
aspect of resource quality and availability in habitat fragments can have a
guiding role in affecting the sustainability of the fragment-inhabiting
populations. This parallels to the hypothesis on the positive species-area
relationship being explained by an increase in habitat diversity with increasing
area (Connor & McCoy 1979).

Detrital food webs are generally considered to be strictly (Pimm 1982) or
largely donor-controlled (Wardle 2002), indicating that it is mainly the
availability of resources that restricts the population growth of soil
decomposers. Following this prediction, increasing the quantity of resources
has been proven to have strong positive effects on the local abundances of soil
organisms, propagating even up to the top predatory level (e.g. Chen & Wise
1999, Ponsard et al. 2000). However, the local species richness of decomposer
communities appears to be determined mainly by the quality and variety of
available resource types rather than resource quantity (Giller 1996, Hansen &
Coleman 1998, Sulkava & Huhta 1998). It has been suggested that the diversity
of basal resources in a habitat may determine the diversity of the next trophic
level(s) by affecting the extinction and colonisation processes occurring in the
habitat (Moore & De Ruiter 1997). Diversity of resources may, for example,
allow the establishment and continuous coexistence of species that would
otherwise compete for the same resource, ie. excluding the possibility of
competitive exclusion of species (Tilman 1999). Even though the extent of
competition for resources amongst soil organisms is still largely unknown
(Giller 1996, Maraun et al. 2003), it appears that the quality of resources
available in a habitat fragment may be a fundamental factor in determining the
composition of the resident soil community.
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1.6 Aims and main hypotheses of the thesis

In this thesis, my objective was to explore experimentally the responses of
various members of the soil decomposer community, from microbes to
mesofauna, to habitat fragmentation. The effects of habitat corridors and
fragment size on the populations of soil organisms inhabiting fragmented
habitats were specifically under focus. The effect of resource quality on the
diversity of soil organisms was also assessed. The main hypotheses were:

(i) Habitat fragmentation leads to reduced species richness of soil
organisms by inducing extinctions of populations originally present in the
fragments. Fragment size determines the species richness of the local
community and the persistence of populations, with small fragments
having a higher extinction rate than large fragments.

(ii) Habitat corridors aid in the dispersal of soil organisms between the
habitat areas, thus a) maintaining the populations and species diversity of
the soil decomposer communities in fragmented habitats (rescue effect), or
alternatively, b) facilitating the colonisation of new, previously
unpopulated habitats by soil organisms.

(iii) Both the effects of habitat size and corridors are dependent on the
characteristics of the organisms, with e.g. predators and species with rare
occurrence being especially vulnerable to reduced habitat size.

(iv) Quality of resources in the habitat fragments has a profound influence
on the composition of a local soil community: fragments with high quality
resources can maintain a more species rich community with larger
populations than those with resources of low quality.



2 MATERIALS AND METHODS

2.1 General design of the experiments

In each of the five experiments, the general set-up consisted of patches of raw
coniferous forest humus, representing habitats for the soil organisms studied.
These patches were embedded in mineral soil (except for half of the patches in
V; see the section 2.2.2), aimed to function as an inhabitable or non-preferred
matrix for a majority of soil biota. Thus, the experimental systems (mineral soil
and humus patches) were expected to represent fragmented habitats for the
patch-inhabiting soil organism communities. At the start of the experiments, the
humus patches were either populated with soil fauna and microbes (II, I1I, V) or
were unpopulated (I, IV). In experiments studying the effects of habitat
corridors (I-IV), the amount of habitat (raw humus) was kept constant between
the systems with and without corridors. This set-up excluded the possibility of
corridor effects being caused by additional habitat area (or space) introduced
with the corridors. The duration of all experiments was long enough to include
several generations of most of the soil organisms studied.

2.2 Micro- and mesocosm experiments (I, IT)

The aim of the microcosm experiment (I) was to investigate the colonisation of
new, previously unpopulated habitat patches by soil microbes, in either
presence or absence of habitat corridors and soil fauna (enchytraeid worms).
The worms were hypothesised to function as vectors for microbe dispersal;
enchytraeid worms have been shown previously to be a functionally important
group in coniferous forest soils (Laakso & Setala 1999, Setala et al. 2000). The
microcosms used were transparent plastic containers with a volume of 15 L.
The habitat patch systems established in these microcosms consisted of a central
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patch, functioning as a source of colonisers, and four satellite patches,
functioning as colonisable new habitats. The corridors, when present, connected
the central patch to the satellite patches (see I, Fig. 1). The patches and corridors
consisted of sterile (autoclaved) humus and were embedded in sterilised
mineral soil. At the beginning of the experiment, the central patches were
inoculated with 8 taxa of saprophytic fungi, 5 taxa of soil bacteria and 3 taxa of
ectomycorrhizal fungi. In half of the microcosms, the central patches received
also enchytraeid worms. A Scots pine (Pinus sylvestris L.) seedling was planted
in each patch to study the functioning of the decomposer community.
Colonisation of the satellite patches by the inoculated microbial taxa and tree
growth in the patches were followed for 16 months, including two growing
periods and three samplings of the satellite patches.

The objective of the mesocosm experiment (II) was to investigate whether
the presence of habitat corridors maintains the abundance and/or species
richness of soil fauna in a fragmented habitat. The mesocosms (open systems)
were round plastic containers with a volume of 15 L. The habitat patch systems
established in these mesocosms consisted of four slightly homogenised but non-
sterilised habitat patches, each 20 cm? in area. The humus corridors, when
present, connected the patches to each other (see II, Fig. 1). To obtain conditions
as close to natural as possible, yet avoiding dispersal of soil organisms from the
surroundings into the mesocosms (potentially obscuring the corridor effect), the
mesocosms were placed on the roof of the Department of Biological and
Environmental Science building in Jyvaskyla. During the winter, the
mesocosms were kept in an incubation chamber, where simulated winter
conditions were created. Development of the micro- and mesofaunal
communities originally present in the humus patches was followed for 12
months, with three samplings of the habitat patches and corridors.

2.3 Field experiments (III-V)

2.3.1 Experimental sites

The field site at Muhos, Central Finland (63°43'N, 26°02’E) (III, IV), was a 65-
year old forest stand dominated by Scots pines. The field layer vegetation was
dominated by Vaccinium vitis-idaea L. and Empetrum nigrum L. and the ground
layer was dominated by Pleurozium schreberi (Brid.) Mitt. The raw humus layer
at the site was approximately 5 cm thick. For the experiments, an area of 50 m x
50 m of the forest was manually clear-felled (see cover picture).

The field site at Uurainen, Central Finland (62°32’N, 25°35'E) (V) was an
abandoned sandpit, surrounded by a mature forest stand dominated by Scots
pines. The dominating species in the field and ground layers of the forest were
the same as at the Muhos field site. The raw humus layer of the forest soil was
approximately 4 cm thick.
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2.3.2 Set-up of the experiments

The aim of the first experiment at Muhos (III) was to investigate (i) the effect of
fragment size on the abundance and species richness of soil organisms and (ii)
the possible role of habitat corridors in maintaining the populations. The
experiment was established at the forest clearing by removing the organic soil
layer from areas of three different sizes (25 cm x 25 cm, 77.5 cm x 77.5 cm and
236 cm x 236 cm), thus exposing the underlying mineral soil. The habitat
fragment-corridor systems, composed of sieved but non-sterilised humus, were
established in the squares, the size of the systems being proportional to the size
of the squares. The sizes of the fragments were 2 cm?, 20 cm? and 200 ¢cm? in the
small, medium-sized and large squares, respectively. In each square, there were
four humus fragments that were either disconnected or connected to each other
with corridors (see III, Fig. 1). The development of the decomposer
communities (from microbes to mesofauna) in the fragments was followed for
2.5 years, with 3 samplings of the habitat fragments and corridors.

In the second experiment at the Muhos field site (IV), the goal was to
investigate the potential of soil decomposer organisms to colonise new,
previously sterilised and thus non-populated habitat patches under field
conditions. The roles of habitat corridors, habitat patch size and colonisation
distance in determining the colonisation success specifically were under focus.
The experiment consisted of circles (120 cm in diameter) of uncovered mineral
soil, into which originally sterile (autoclaved) humus patches were embedded.
There were three different types of patches: (1) large ones situated relatively far
from the surrounding intact forest soil (main source area of colonisers), (2)
small ones situated far from the source area and (3) small ones situated close to
the source area (see IV, Fig. 1). The patches were either disconnected or
connected with habitat corridors, composed of originally sterile humus, to the
intact forest soil. Colonisation of the patches by soil decomposer organisms
(from microbes to mesofauna) was followed for 2.5 years, with three samplings
of the patches during the experiment.

The experiment at the Uurainen field site (V) studied the influence of
resource quality on the diversity of the soil decomposer community in both
fragmented and continuous habitat. The experiment was established by
embedding sieved, non-sterilised humus patches of different resource quality
(pure homogenised humus, humus with needle litter or humus with both
needle and leaf litter) into either mineral soil of the sandpit (fragmented habitat)
or natural forest soil (continuous habitat). Development of the decomposer
communities (from microbes to mesofauna) in the patches was followed for 12
months, with 2 samplings of the patch materials. In addition, the activity of
possible epigeic colonisers of the patches in the study area was studied using
pitfall traps. The occurrence of possible edaphic colonisers in the soil
surrounding the patches was studied using soil core samples (taken from both
sandpit and forest soil).
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2.4 Analyses

2.4.1 Biological and physicochemical analyses

Soil animals (enchytraeid worms, nematodes, mites and collembolans) were
extracted from the soil samples using appropriate standard extraction methods
(I-V). Enchytraeid worms were counted (I-V) and their biomass was estimated
(IL, III, V). Nematodes were counted, identified to genus level and divided to
different feeding groups (II-V). Mites and collembolans were counted and
identified to species level, when possible (II-V).

The number of microbial taxa (species) in the originally sterile humus
patches (I, IV) was analysed using a 16S and 18S ribosomal DNA-based PCR-
DGGE molecular method (Vainio & Hantula 2000, Pennanen et al. 2001). The
composition of the microbial community (microbial biomass; III-V) was
determined using a PLFA (phospholipid fatty acids) method (Frostegard et al.
1993, Pennanen et al. 1999). Since a majority of soil fauna depend on microbes
for nutrition, the microbial data were used not only for studying the effects of
treatment factors on the microbes but also as a possible explanatory factor for
the responses of soil animals.

Physicochemical properties measured from the experimental soil samples
were soil moisture (I-V) and soil pHmzo (I, IV).

2.4.2 Statistical analyses

Since the samples were taken at subsequent samplings from the same micro-
and mesocosms (I, II), or from the same patch-corridor systems (III, IV) or
patches (V), analysis of variance (ANOVA) for repeated measurements were
used in analysing the data. In the case of significant interactions between the
main test factors, simple effects tests were applied (Zar 1999). The data were
transformed to log (x+1) whenever necessary to improve their fit to the
assumptions of parametric testing. Differences in the composition of microbial
(as indicated by the PLFA-analysis) and microarthropod communities between
the treatment levels were studied using principal component analysis (PCA; III,
V).



3 RESULTS AND DISCUSSION

3.1 Soil decomposer community as affected by fragmentation and
fragment size (11, I1I, V)

3.1.1 Responses of soil fauna

The hypothesis that habitat fragmentation has negative effects on species
richness and abundance of soil fauna remained virtually unsupported in the
current experiments. In the mesocosms (II), the abundance of enchytraeid
worms and the abundance and species richness of microarthropods in the
humus patches even increased during the experiment. However, this can result
largely from exceptionally favourable conditions in the artificial mesocosm
environment (Carpenter 1996, Setala et al. 1991). Additionally, results of the
field experiments (III, V) also suggest that even relatively small-scaled habitat
fragmentation is not likely to induce extinctions in the soil decomposer
community — apart from the initial sampling effect (Connor & McCoy 1979,
Andrén 1996). In other words, most of the soil fauna appear to be well adapted
to living in a restricted habitat patch. Previous studies have shown that soil
faunal communities are relatively resistant to environmental changes, such as
forest management practices (Setala et al. 2000, Siira-Pietikainen et al. 2001), and
to isolation from the surrounding forest soil (Nieminen & Setald 1998). My
results give further support to the idea that soil fauna is generally insensitive to
habitat change and isolation. However, the lack of negative responses to
fragmentation was not totally uniform across different faunal groups. While e.g.
microarthropods were, in general, relatively tolerant to reduced habitat size, the
taxon richness and/or abundance of nematodes tended to decrease in the
fragments.

The low vulnerability of soil fauna to negative effects of habitat
fragmentation can be attributed to the following factors. First, even a small
volume of soil may embody abundant resources for the small-sized soil
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organisms, promoting their survival in small habitat fragments. The
predominantly generalist feeding habits of soil fauna (Giller 1996, Maraun et al.
2003, Setala et al. 2004) probably enabled efficient use of limited resources in the
fragments, which received no energy inputs during the experiments. Due to the
aggregated distribution of resources in natural forest soils (Lavelle & Spain
2001), soil animals — at least those incapable of long-distance dispersal — could
also be inherently adapted to living within a habitat patch. Moreover, it has
been suggested that the species-rich local soil decomposer communities are
strongly interactive and “saturated”, being thus largely independent of the
processes occurring at a larger regional scale (Setala et al. 2004). This property
could render the communities also resistant to habitat fragmentation, provided
that conditions in the fragments remain sufficiently favourable. On the other
hand, the response of nematodes is likely to be explained by environmental
conditions, since as aquatic organisms they were particularly sensitive to the
relatively low moisture of the fragmented soils. Further, the fragments
inevitably lacked living plant roots that may function as an important source of
resources for nematodes in natural soils (Wright & Coleman 1993, Lavelle &
Spain 2001).

Also, the effects of fragment size (III) on the species richness of soil fauna
only partly followed my expectations. The hypothesis that species richness
increases with increasing fragment size was verified, indicating that the general
species-area relationship (MacArthur & Wilson 1967, Rosenzweig 1995) holds
also for soil faunal communities inhabiting fragmented habitats (see also
Wardle et al. 2003). However, this relationship probably results from the
sampling effect, causing a difference in the species number between the size
classes already at the very beginning of the experiment. A more interesting
aspect of the responses of the fauna during the experiment relates to the post-
fragmentation relaxation process (Diamond 1972, Gonzalez 2000), i.e. the
development of their communities — especially that of microarthropods.
Contrary to my predictions and previous observations that the rate of
extinctions is negatively correlated with habitat size (MacArthur & Wilson 1967,
Burkey 1995), species richness of microarthropods decreased in the medium-
sized and large fragments during the experiment but not in the small ones. A
closer examination of the responses of the separate microarthropod groups
revealed that the species that became extinct were collembolans. A plausible
explanation for the sensitivity of collembolans, as compared to e.g. oribatid
mites, can be the observed relatively high proportion of rare species (occurring
in <10% of the fragments) among the collembolans. Rare species have
frequently been shown to be especially vulnerable to negative effects of habitat
fragmentation in aboveground milieus (e.g. Golden & Crist 1999, Davies et al.
2000, Summerville & Crist 2001). In the present study, due to the obvious
sampling effect, rare species were probably not present in the small fragments
even at the start of the experiment. Alternatively, due to the typically rapid
initial loss of species in small habitat patches (Gonzalez 2000, Ovaskainen &
Hanski 2002), some species that were originally present may have disappeared
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from the small fragments already before the first sampling. On the other hand,
even the largest fragments were not large enough to ensure continuing
persistence of rare species.

To compare the responses of predatory (mesostigmatid mites) and non-
predatory microarthropods (oribatid mites and collembolans) to fragment size,
species richness-area curves were drawn separately for each of these two
groups (see III, Fig. 3). According to the slopes of the curves, the negative effect
of decreasing fragment size was more pronounced in predatory than in non-
predatory species. This verified the hypothesis of the relative sensitivity of
predatory species to reduced habitat size, which was in accordance with the
results of previous aboveground studies dealing with the responses of species
at high trophic levels to fragmentation (e.g. Holt 1996, Kruess & Tscharntke
1994, 2000).

3.1.2 Responses of soil microbes

In general, the growth of soil microbes was not affected by habitat
fragmentation; in fact, their biomass (as indicated by the PLFAs) was even
higher in fragmented environments (V). Furthermore, the effect of habitat size
on biomass was reversed in microbes: small habitat fragments had the highest
and large fragments had the lowest biomass (III). On the other hand, the
community structure of microbes was different both between the fragmented
and continuous habitat and between the different habitat size classes. In other
words, even though the growth of microbes as small-sized organisms appears
not to be restricted by reduced habitat size, the community composition can
differ between habitats of differing size and quality. The higher microbial
biomass in small fragments can result from a supposedly lower number of
microbial species in the small fragments than in the larger ones, leading to a
possibility of competitive release in the small fragments. Besides biotic
interactions, the community structure of microbes is determined by abiotic
conditions (MacLean & Huhta 2000, Wilkinson et al. 2002). Difference in abiotic
conditions (e.g. moisture, temperature) between the fragmented and continuous
habitat serves as a likely explanation for the difference between the microbial
communities in those habitats.

3.2 Effects of habitat corridors on soil decomposers (I-IV)

3.2.1 Responses of soil fauna

Contrary to my expectations, the presence of habitat corridors had no effects on
the species richness of the fauna in the non-sterilised habitat patches (II, III).
This is in contrast to previous findings on the utility of habitat corridors in the
maintenance of species richness of moss patch inhabiting arthropod
communities (Gilbert et al. 1998, Gonzalez et al. 1998, Gonzalez & Chaneton
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2002). The most probable explanation for the lack of effect of corridors in the
present studies is related to the lack of effect of fragmentation: since virtually no
extinctions of populations took place, there were little grounds for the rescue
effect to operate. This was especially the case in the mesocosms, where the
species richness of the fauna inhabiting the fragments appeared to even
increase during the experiment (although this result was probably an artefact:
see paper II). In the field experiment, on the other hand, the observed decrease
in the abundance of collembolans, followed by the loss of rare species, could
have been expected to give grounds for the corridor-mediated rescue effect.
Since this was not the case, it appears that the corridors were unsuccessful in
providing a dispersal pathway — or habitat - for the fauna. Moreover, corridors
appeared to function as “sinks” (Henein & Merriam 1990) for the nematode
populations, leading to lower abundance of nematodes in the connected
fragments. This response indicates that the quality of corridors was indeed low,
possibly due to their (seasonal) dryness. Further, the evidently similar
conditions in the fragments of the same system may have led to a synchrony of
extinctions, leaving no “rescuers” in the close neighbourhood. It is also
noteworthy that as our knowledge of active dispersal capacities of soil animals
is still scanty (Wardle 2002), it is difficult to predict what kind of corridors
would actually be functional for this fauna (Hudgens & Haddad 2003). Finally,
the possibility of successful dispersal of fauna through the mineral soil matrix
in the absence of corridors cannot be ruled out, either.

The only faunal group responding positively to the corridors connecting
originally populated patches was enchytraeid worms in the mesocosm
experiment (II): their population growth was slightly promoted by the presence
of corridors. However, it is possible that this response was not only a result of
improved dispersal route for the worms, but also due to an unexplained
improvement e.g. in resource availability for the typically resource-controlled
enchytraeid populations (Wardle 2002). This conclusion gained further support
from the field experiment in which the influence of corridors on the
colonisation of unpopulated habitats was investigated (IV). Here, the
abundance of enchytraeid worms was highest in the patches with the longest
corridors in relation to patch size. This indicates that the corridors may, indeed,
have some unknown “side effects” that are especially beneficial to enchytraeid
populations.

Besides increasing the abundance of enchytraeid worms in the originally
sterile habitat patches, the presence of corridors had also a positive influence on
the number of microarthropod taxa in those patches (IV). These positive
corridor effects were not, however, consistent, which can be related to the
unfavourable conditions (e.g. low biomass of microbes, low pH and moisture)
in the initially autoclaved humus soil (Sulkava et al. 1996) and to different
seasons at the subsequent samplings. In any case, the results showed that
habitat corridors have the potential to facilitate the colonisation of new,
previously unpopulated habitats by two rather different soil faunal groups.
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3.2.2 Responses of soil microbes

The presence of corridors led to higher biomass of fungi in the initially non-
sterilised habitat fragments (III) and facilitated the colonisation of the originally
unpopulated habitats by fungal species both in the microcosms (I) and in the
field (IV). Consequently, it appears that vegetatively growing soil microbes
were able to utilise habitat corridors as a dispersal pathway and/or as a habitat.
This is not surprising, since the habitat corridors were likely to provide a more
beneficial substrate for growth of fungi than the surrounding mineral soil
matrix. Interestingly, in microcosms, the dispersal of fungi was even more
dependent on the presence of enchytraeid worms (see also Hedlund &
Augustsson 1995) than on the corridors. In the field experiments, there was no
clear evidence that soil animals functioned as dispersal vectors for soil fungi,
although this possibility cannot be totally excluded. However, as shown in the
microcosm experiment, some fungal species can disperse rather efficiently by
vegetative growth. This implies that the corridor effects in the field may well
have resulted from vegetative growth of the fungi and that the role of soil fauna
in transporting fungal propagules was less important. In addition, the
proportion of actinomycetal bacteria (with a similar growth form to fungi)
increased in the presence of corridors (IlI), giving further support to the
importance of habitat corridors for vegetatively dispersing soil microbes.

In contrast to soil fungi, the response of soil bacteria (other than
actinomycetes) to the presence of corridors was variable, ranging from negative
to positive. The non-existent effect of corridors in the microcosms (I) and in the
field (III) is probably due to the predominantly passive dispersal mechanisms
(e.g. with water or wind) of the bacteria (Richards 1987), rendering the habitat
corridors useless. The negative effect of corridors in the colonisation of new
habitats (IV) by bacteria was probably a consequence of the positive effect of
corridors on the fungal species richness: stronger competition with fungi for
resources (Moller et al. 1999) may have restricted the establishment of bacteria
in the connected patches. At one sampling of the same experiment, bacterial
species exhibited a contrasting positive response to the corridors. Since this
coincided with the corridor-facilitated colonisation of enchytraeid worms, it is
possible that the extra bacterial species were transported to the patches with the
enchytraeids. This result, together with those of the microcosm experiment,
give support to the role of the enchytraeid Cognettia sphagnetorum as a
functionally important species in boreal coniferous forest soils (Laakso & Setala
1999, Setdla et al. 2000), since carrying soil microbes to new resources is likely to
enhance the rate of decomposition processes in soils.

Taken together, even though the functioning of corridors in the
maintenance of species richness in the already established soil decomposer
communities remained undetected, the results of my thesis suggest that
corridors can facilitate both active and passive (soil fauna -mediated)
colonisation of new habitats by soil organisms.
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3.3 Effects of resources on soil decomposers (V)

3.3.1 Responses of soil fauna

In concert with my hypothesis and previous studies focusing on the effects of
resource enrichment on the abundance of soil organisms (Chen & Wise 1997,
Chen & Wise 1999, Ponsard et al. 2000), improvement of resource quality led to
higher abundances of nematodes, enchytraeid worms, dipteran larvae and
microarthropods in the experimental patches. Thus, even a rather subtle
qualitative change in the resource base was strong enough to cause clear effects
on the populations of decomposer fauna. Furthermore, these effects propagated
up to the predatory level in the communities of microarthropods and
nematodes, underlining the importance of bottom-up control in soil food webs
(Pimm 1982, Wardle 2002). However, the positive effects of resource quality
improvement were not consistent, occurring mainly within the fragmented
habitat and disappearing by the final sampling of the experiment. The fauna
increasing in abundance were mainly species not originally present in the
patches and numbers of juveniles were small, which indicates that the increases
in abundance were mainly a result of enhanced colonisation of the patches by
the fauna, rather than due to accelerated reproduction of the individuals. It was
evident that the relatively mobile faunae occurring in the matrix environment
(e.g. epigeic collembolans, egg-laying dipterans) were attracted to the litter-
enriched patches over those with pure humus. Contrary to my expectations and
previous results on the effects of resource enrichment on species richness of
detrital communities (Hansen & Coleman 1998, Srivastava & Lawton 1998),
resource quality did not affect the total species richness of microarthropods.
The low number of rapid coloniser species in the surrounding matrix
environment must have affected this result.

The predominant lack of resource quality effect on the fauna in the
continuous habitat is probably related to the relatively low motility of fauna
inhabiting favourable environments, such as humus soil (Bengtsson et al. 1994).
On the other hand, also the low contrast between the experimental patches and
the surrounding intact forest soil may have undermined the localisation of the
patches by soil fauna. The disappearance of the resource quality effect over time
was probably a result of physical and chemical modification of the litter
material by the primarily colonising fauna (Hagvar & Kjondal 1981), reducing
its attractiveness to colonisers that follow.

3.3.2 Responses of soil microbes

Resource quality improvement affected positively the biomass of soil fungi
within both the fragmented and continuous habitat, while bacterial biomass
was unaffected by resource quality. Apparently, fungi as primary colonisers of
dead organic material (Ponge 1991) benefited from the presence of fresh litter
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material, whereas bacteria were able to utilise also poorer resources of the pure
humus patches (Berg et al. 2001). Also the community structure of microbes
was affected by resource quality; in particular, the microbial communities in the
pure humus patches differed from those in the resource-enriched patches. Thus,
it is evident that different substrate quality selected for different microbial
species (see also Wilkinson et al. 2002). Since a majority of soil animals are
fungivorous, it can be assumed that the effect of resource enrichment on the soil
fauna was mediated mainly by the response of soil fungi.

In conclusion, the results of this experiment, together with the results
obtained from the other experiments described in this thesis, indicate that
resource quality may be a far more important factor in determining the
composition of the local soil decomposer community than are the various
factors brought about by habitat fragmentation.

3.4 Relevance of the results at a wider perspective and future
prospects

One objective of this thesis was to use the soil decomposer community as a tool
in studying the effects of habitat fragmentation. The benefit of this approach is
that it enables studying an entire food web at the same time, which has not been
done in previous studies focusing mainly on the responses of one or a few
species only. The high diversity of organisms in soil decomposer communities
was expected to offer plenty of material that would aid in the search for specific
traits that might render a given organism vulnerable to fragmentation. The
spatial and temporal scales of this study, albeit very restricted from the
perspective of e.g. nature conservation, were selected solely with regard to the
small size, short life span and limited dispersal capacities of the studied soil
organisms. It was also presumed that the same traits that render a soil organism
sensitive would also render any organism sensitive, irrespective of the
ecosystem in which the organism lives.

Although one of the aims of my thesis was, at least implicitly, to use the
results to predict the responses of aboveground communities and species
operating at larger scales to habitat fragmentation and corridors, it is evident
that making generalisations based on my results would be quite far-fetched.
What the results suggest, however, is that it should not be taken for granted
that all communities are unanimously negatively affected by habitat
fragmentation. On the other hand, it was shown that even if the community in
general does not suffer from fragmentation, it may nevertheless include
individual species that do so. This underlines the importance of going down to
species level when investigating the effects of habitat fragmentation (Robinson
et al. 1992). Furthermore, it was evident that even the tightly interactive soil
community (Setala et al. 2004) does not respond to habitat change consistently,
as a single operational unit, but that the collective response is a combination of
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varying responses of its constituent members. The fact that many of the results
obtained in micro- and mesocosms were verified in the field experiments
renders support to the common, albeit controversial (e.g. Carpenter 1996, Drake
et al. 1996, Lawton 1999), use of artificial miniecosystems in investigating
ecological phenomena.

Although the functioning of soil organism communities in soil processes
was not measured in the field- or mesocosm experiments, the observed high
resistance of soil communities to habitat fragmentation suggests that
fragmentation may not induce substantial changes in the processes of soils
either (but see Didham 1998). Furthermore, due to high functional redundancy
of species in soils (Laakso & Setala 1999, Liiri et al. 2002), it is unlikely that loss
of some vulnerable species would lead to altered functioning of soils. It should
be noted, however, that the fragmentation responses of some functionally
important groups, such as mycorrhizal fungi or soil macroarthropods, were not
studied in the present experiments. Thus, a possible direction for future studies
would be investigating the interactions between the fragmentation responses of
those groups and their functioning in the processes of soils.

Investigating the currently inadequately known active dispersal capacities
of soil organisms could also form an important line of study in the future. Such
knowledge would not only contribute to clarifying the processes that structure
local soil decomposer communities, but could also promote markedly the
applicability of soil organisms as models in studying the effects of
fragmentation-induced habitat change. The information on dispersal ability of a
given soil organism, combined with information on its other life-history traits,
would provide grounds for using the responses of that organism to predict
those of some other organism with a similar set of characteristics, albeit
operating at a larger scale. For instance, it has been suggested that small
mammals inhabiting woodland patches might be a suitable analogue for moss
patch-inhabiting microarthopods (Gilbert et al. 1998). A self-evident
prerequisite for such extrapolation is performing the experiments on scales that
match the characteristics of the organisms studied, which again, cannot be
accomplished without information on e.g. their dispersal capacity. As
compared to the present experiments with a largely conjectural choice of scales,
comparable experiments in the future should be designed on the grounds of
specific knowledge on the life-history traits of soil organisms, which hopefully
will be accumulated by that time. This could gradually lead to constructing a
model of community dynamics of soil decomposers in fragmented habitats, and
even to a functional guideline for applying the results obtained from
experimental small-scale model systems of soil organisms to larger scales.

Even though the current experiments were relatively long-term, it is
possible that due to the high resistance of soil organisms to habitat change,
more severe effects of habitat fragmentation on e.g. species richness of soil
faunae did not have time to surface. For instance, depletion of resources in the
fragments could have caused extinctions in the communities in the long run.
Therefore, forthcoming studies should focus on truly long-term effects, using
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experiments lasting for several years, although I acknowledge the practical
difficulties related to such studies. However, long lasting experiments,
combined with extensive sampling effort, would also attenuate the inevitable
obscuring of the results by different climatic conditions between the years and
seasons. Comparing the decomposer community structure of experimentally
fragmented habitats to that of natural, continuous soil habitats could also yield
important information on the effects of habitat fragmentation in soils. Finally,
due to the tightly interactive nature of soil decomposer communities,
investigating the possible fragmentation-induced changes in e.g. competitive
interactions or predator-prey relationships in the soil organism communities
also represents an interesting direction for future studies.



4 CONCLUSIONS

The results of this thesis suggest that habitat fragmentation does not necessarily
cause dramatic changes in the composition of biotic communities. Soil
decomposer communities, which previously have been shown to be resistant to
various environmental changes, appear to be particularly insensitive to habitat
changes induced by fragmentation. However, it also was shown that soil
decomposer communities involve species with life-history characteristics, such
as rarity and high trophic position, which render them more sensitive to
fragmentation effects than other taxa. These results give further support to
findings suggesting that these two traits are good predictors of high
vulnerability to habitat fragmentation. From another perspective, it is
noteworthy that the responses of rare and predatory microarthropod species
were similar to those previously observed with larger animals inhabiting
aboveground environments. Thus, it appears that despite their unique
environment, the soil decomposer fauna may not behave that differently from
fauna in other terrestrial habitats, supporting the use of soil fauna as a practical
tool in various ecological studies.

The wusefulness of corridors in the colonisation of new, hitherto
unpopulated habitats by various groups of soil biota indicates that entire
communities, instead of only one or a few species, could benefit from the
presence of corridors. On the other hand, the failure of corridors in improving
the maintenance of decreasing populations of collembolans suggests that sheer
structural connectivity is not a guarantee for functional connectivity. Further,
my results imply that for organisms insensitive to fragmentation, the presence
of corridors may be superfluous.

Although it may be premature to apply the results of this thesis to predict
the responses of other communities to environmental change, the present thesis
nevertheless offers further insights to the various responses of different
communities to habitat fragmentation and habitat corridors. Furthermore, this
thesis can offer a guideline for future studies in which the effects of habitat
change on not only soil communities and their functioning but also on
communities inhabiting other habitats are explored.
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YHTEENVETO

Metsamaaperan hajottajayhteison vasteet elinympariston pirstaloitumiseen

Elinymparistojen pirstaloituminen esimerkiksi metsanhoitotoimenpiteiden
seurauksena on johtanut maailmanlaajuiseen paikallisten populaatioiden ja laji-
tutkittu runsaasti erilaisissa elinymparistoissa ja useilla elivlajeilla. Pirstaloitu-
misen vaikutusten tutkiminen maaperan hajottajayhteisdissa on kuitenkin ollut
yllattavan vahaista ottaen huomioon hajottajien tarkean merkityksen ekosys-
teemien perustoiminnoissa, kuten ravinnekierrossa. Taman tyon tarkoituksena
oli tutkia kokeellisesti maaperan hajottajaravintoverkon vasteita elinympariston
pirstaloitumiseen. Lisaksi selvitin ekologisten kaytavien merkitysta pirstaloi-
tumisen haitallisten vaikutusten lieventajina. Tavoitteena oli myoskin selvittaa,
voiko maaperda ja sen elivita kayttaa mallina ennustettaessa isommassa mitta-
kaavassa elavien elioyhteisojen herkkyytta pirstaloitumiselle. Tutkimuksissani
uutta on se, etta tutkimissani maaperan elioyhteisoissa on laaja valikoima omi-
naisuuksiltaan erilaisia eliovita, mikrobeista huippupetoihin, kun taas useimmat
aikaisemmat tutkimukset ovat keskittyneet vain yhden tai muutaman lajin vas-
teisiin.

Metsamaaperan hajottajaelioston vasteita tutkittiin seka keinotekoisissa,
metsamaaperaa simuloivissa pienoisekosysteemeissa laboratoriossa etta luon-
nossa. Lahtokohtana kaikissa tutkimuksissa oli luoda maaperéelividen kannalta
pirstaloitunut elinymparisto. Tama saavutettiin rakentamalla koesysteemeja,
joissa elinymparistoina tutkituille maaperaelidille toimivia maaperasaarekkeita
ympar6i mineraalimaa, joka on sopimaton tai ainakin huonolaatuinen elinym-
paristdo maaperaelioille. Ekologiset kaytavat koostuivat humuksesta ja yhdisti-
vat maaperdsaarekkeet joko toisiinsa tai koskemattomaan metsamaaperaan.
Kokeissa selvitettiin 1) elinympariston pirstaloitumisen ja maaperasaarekkeen
koon vaikutusta elididen lajimaaraan ja populaatioiden kokoon, 2) saarekkeita
yhdistavien kaytavien merkitysta lajimaaran ja populaatioiden yllapitdjina, 3)
maaperaelividen kykya kolonisoida alunperin steriileja maaperasaarekkeita ja
ekologisten kaytavien merkitysta kolonisoinnissa ja 4) maaperasaarekkeiden
resurssien laadun (lehtikarikkeen maaran) vaikutusta maaperayhteison koos-
tumukseen. Kokeiden kesto vaihteli yhdesta kahteen ja puoleen vuoteen.

Tuloksieni mukaan maaperan elioyhteisot — seka mikrobit etta elaimet —
sietavat yleisesti ottaen melko hyvin elinymparistonsa pirstaloitumista: maape-
rasaarekkeiden lajihaviot olivat vahaisia pitkakestoisemmissakin kokeissa. Ta-
ma tulos tukee aikaisempien tutkimuksien tuloksia, joiden mukaan maaperéayh-
teisot ovat vastustuskykyisia muutoksille elinymparistossaan. Tama voi olla
seurausta muun muassa maaperaelidviden kyvysta kayttad hyvakseen hyvin
monenlaisia ravinnonlahteitd mahdollistaen niiden selviytymisen muuttuneis-
sakin elinymparistoissa. Poikkeuksena tahan yleiseen saantoon maaperaelioi-
den korkeasta sietokyvysta elinympariston koon muutoksille olivat eraat harvi-
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naiset hyppyhantaislajit, jotka havisivat maaperdsaarekkeista. Lisaksi peto-
punkkilajit osoittautuivat olevan herkempia habitaatin pienelle koolle kuin
muut mikroniveljalkaislajit. Koska maan paalla elavien harvinaisten lajien ja
petojen on todettu olevan erityisen herkkia elinympariston pirstaloitumiselle,
nayttaa silta, ettd ainakin maaperan mikroniveljalkaisten vasteet pirstaloitumi-
seen olisivat samankaltaisia kuin isompia elinalueita hyodyntavien elividen.
Maaperasaarekkeen koko vaikutti myos siina esiintyvien lajien maardan: mita
suurempi saareke, sitd enemman lajeja siina oli. Positiivinen korrelaatio habitaa-
tin pinta-alan ja lajimdaran valilla on yksi ekologian perusilmitista ja tama tut-
kimus osoitti sen patevan myoskin maaperayhteisoissa.

Koska pirstaloituminen ei juurikaan aiheuttanut lajien tai populaatioiden
haviamisia habitaattisaarekkeissa, myoskaan kaytavilla ei ollut odotettua mer-
kitysta niiden yllapitajina. Ekologiset kaytavat osoittautuivat kuitenkin erityi-
sen kayttokelpoisiksi kasvullisesti levidville mikrobeille, hajottajasienille ja
rihmamaisille bakteereille. Lisaksi kaytavat edistivat ankyrimatojen ja mik-
roniveljalkaisten levittaytymista alunperin steriileihin saarekkeisiin. Nama tu-
lokset viittaavat siihen, etta kaytavien merkitys ei ole niin lajikohtainen kuin
aikaisemmin on arveltu, vaan samoja kaytavia voivat hyodyntaa elintavoiltaan
ja leviamiskyvyltaan hyvinkin erilaiset eliot ja jopa kokonaiset yhteisot.

Koska maaperdelividen populaatioiden uskotaan paaosin olevan resurssi-
en saatavuuden ja laadun sdatelemia, ei ollut yllatys, ettd habitaattisaarekkeen
resurssien laatu vaikutti tutkittujen maaperan elioyhteisojen koostumukseen:
karikkeen lisdaminen maaperasaarekkeisiin johti suurempiin maaperaelainpo-
pulaatioihin ja sienten korkeampaan biomassaan. Resurssin laatu ei kuitenkaan
vaikuttanut lajien maaraan. Tulosten pohjalta on perusteltua olettaa, ettd maa-
peraelioyhteisojen koostumuksen kannalta saatavilla olevien resurssien laatu
on tarkeampi tekija kuin pirstaloitumisen aiheuttama elinympariston muutos.

Viitoskirjani tulokset viittaavat siihen, etteivat kaikki yhteisot ole herkkia
elinympariston pirstaloitumiselle. Toisaalta, stabiilitkin yhteisot voivat sisaltaa
yksittaisia lajeja, joiden vaste pirstaloitumiseen eroaa yleisesta yhteisotason vas-
teesta. Tama korostaa lajitason vasteiden tutkimisen tarkeytta. On huomionar-
voista, ettd tAma nayttad patevan myos tiukkojen elividen valisten vuorovaiku-
tussuhteiden seka resurssien saatavuuden saatelemissa maaperan hajottajayh-
teisdissd. Vaikka vaitoskirjassa esittamani tulokset eivat suoraan soveltuisikaan
muihin, isommassa mittakaavassa toimiviin yhteisoihin tai elivihin, mikronivel-
jalkaisten vasteet viittaavat siihen, etta niiden kayttd mallieliovina ekologisten
ilmididen ja teorioiden tutkimisessa on mahdollista ja jopa perusteltua. Maape-
ran elioyhteisdjen tutkimiseen voi suhteellisen helposti liittaa myos niiden toi-
minnallisen vasteen tutkimisen, minka sisallyttdminen vastaaviin tutkimuksiin
tulevaisuudessa voisi tuoda tarkeaa uutta tietoa elinympariston pirstaloitumi-
sen vaikutuksista paitsi maaperayhteison, myos koko ekosysteemin toimintaan.
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