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ABSTRACT

Honkanen, Merja

Perspectives on variation in species richness: area, energy and habitat
heterogeneity

Jyvéaskyld: University of Jyvaskyld, 2011, 46 p.

(Jyvéaskyla Studies in Biological and Environmental Science

ISSN 1456-9701; 219)

ISBN 978-951-39-4206-9 (nid.), 978-951-39-4239-7 (PDF)

Yhteenveto: Pinta-alan, energian ja elinymparistdjen monimuotoisuuden suhde
lajimé&&raan

Diss.

Species richness (i.e. number of species) tends to differ from one area to another.
Two major patterns observed in the nature are 1) species-area relationship which
states that larger areas contain usually larger species richness, and 2) species-
energy relationship which postulates that the amount of energy encompassed in
the area determines species richness. Even though both of these relationships may
result from multiple mechanisms, which may be also intertwined, for instance
through heterogeneity of habitats, they are not often studied simultaneously. In
addition to broaden our theoretic knowledge understanding the mechanisms that
produce species richness could help us to protect biodiversity. I studied the effects
of area, energy, and habitat heterogeneity on species richness and related adjacent
mechanisms in three taxa. My results showed that bird species richness was
determined mainly by total energy (measured as tree volume and growth) in an
area through its effects on the number of individuals. Bird species richness was
further limited by the density of energy and its spatial dispersion, most likely
because increased habitat heterogeneity benefits specialists. Also aquatic
macrophyte species richness was determined by a multiple of factors and one of
them was potential productivity (a measure of energy). Whilst potential
productivity increased species richness, species turnover showed a unimodal
relationship with it. Thus, potential productivity may decrease the regional species
diversity as the species turnover between lakes may be reduced. Finally, dragonfly
(Odonata) species richness was determined by habitat heterogeneity (measured as
aquatic macrophyte species density), and the relationship was shaped by just a
handful of common species. My results help to build up the theoretic knowledge
about the mechanisms behind species richness patterns and have important
implications for species conservation.

Keywords: Aquatic macrophytes; birds; dragonflies; species-area relationship;
species-energy relationship; species number.
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1 INTRODUCTION

1.1 Patterns of species richness

Though the exact number of species on Earth can be disputed, it is clear that
there is an uneven distribution of these species across the planet. But why? It
seems that the simplest questions are not the easiest to answer since the issue
has puzzled ecologist over decades and the debate continues. The distribution
of species richness (number of species) is far from random and researchers have
put forward a myriad of factors, including historical, evolutional and ecological
variables to explain the differences in number of species between areas. Here I
focus on two major species richness patterns observed throughout the planet:
species-area and species-energy relationships.

1.2 Species-area relationship (SAR)

One of the most striking patterns observed in nature is the so called species-
area relationship (SAR): the larger the area, the more species it contains. The
oldest figure of species-area curve can be traced back to 1859 (Rosenzweig 1995)
and the pattern was later formalized mathematically by Arrhenius (1921) and
Gleason (1922). Since then, SAR has been found to be one of the most robust
and general patterns in ecology (Connor and McCoy 1979, Rosenzweig 1995)
and has invoked a considerable amount of attention. On the theoretical side,
researchers have concentrated on how to model SAR correctly, and what are the
ecological and statistical interpretations of the parameters used in those various
models (e.g. Preston 1962a, b, MacArthur and Wilson 1963, 1967, Gould 1979,
Martin 1981, Lomolino 1989, 2000, He and Legendre 1996). In addition, SAR has
proven to have several practical implications in conservation biology
(Rosenzweig 2004). For instance, it has been used as a tool to predict changes in
species richness, in relation to changes in habitat area (Pimm and Askins 1995,
Hanski 2000), and has been brought to bear the debate whether we should have
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single large or several small nature reserves (Gilpin and Diamond 1980, Higgs
and Usher 1980).

Why do SARs occur then? There are three mechanisms why increasing
area should result in increased species richness (i.e. number of species in a
certain area) (Connor and McCoy 1979). Preston (1962a, b) showed that species
richness increases as a power function of the number of individuals. If
individuals are randomly positioned in space, increasing area would lead to
increasing number of individuals, and consequently species, just by random
sampling. According to Connor and McCoy (1979) the idea that SAR results
purely from a sampling phenomenon should be considered as a null hypothesis
and other hypotheses invoking biological processes should be considered
alternatives. In addition to the random sampling hypothesis, there are two
other biological mechanisms that explain SAR. First, large areas may have
higher probability of colonization and lower probability of extinction due to
increased population sizes (MacArthur and Wilson 1963, 1967). Second, larger
areas may include more habitat types. As species differ in their habitat
requirements this should lead to increased species richness.

Indeed, habitat heterogeneity has been shown to be an important
determinant of species richness (Tews et al. 2004), whether it increases with area
or not. In contrast, teasing apart the effects of area per se and habitat
heterogeneity has been proven difficult. One of the reasons is simply that
habitat heterogeneity is hard to define, and an appropriate measure is likely to
depend on the taxon in question. Moreover, area and habitat heterogeneity are
usually correlated (e.g. Kallimanis ef al. 2008) and the two hypotheses are not
mutually exclusive. Thus, both area and habitat heterogeneity can have effects
on species richness, whether independently and/or simultaneously (Ricklefs
and Lovette 1999, Kallimanis et al. 2008).

1.3 Species-energy relationship (SER)

1.3.1 Species richness and energy

Another obvious pattern of species richness is the decreasing number of species
toward the Earth’s poles. The phenomenon was observed already in 1808 by
Alexander von Humboldt (Hawkins 2001). Since then increasing species
richness with decreasing latitude has been documented for a wide variety of
taxa (Fischer 1960, Pianka 1966, Hillebrand 2004). The latitudinal pattern of
species richness may be a result of several processes (Fischer 1960, Pianka 1966,
Mittelbach et al. 2007). One of these factors is energy.

The role of energy in shaping species richness patterns came about in late-
1950’s (Hutchinson 1959, Brown 1981) and it was later formalized by Wright
(1983) as a species-energy theory which states that the more energy an area
contains, the more species it is able to sustain. Thus the positive relationship
between species richness and energy is formed (species-energy relationship;
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SER). According to Wright (1983) SAR would be just a special case of SER and
larger areas have more species just because they encompass a larger amount of
energy. Indeed, energy-related variables tend to explain large scale species
richness patterns well (Waide et al. 1999, Mittelbach et al. 2001, Hawkins et al.
2003a, b, Whittaker et al. 2007) and seem to perform better in explaining those
patterns than area or its counterpart, habitat heterogeneity (Field et al. 2009).

1.3.2 Defining energy

In order to study SERs one has to define what energy really means. In his
original paper, Wright (1983) defines available energy as ‘the rate at which
resources available to the species of interest are produced’. The obvious breadth
of this definition has resulted in a variety of interpretations. For instance, the
meta-analysis by Field et al. (2009) exemplifies 19 different measures of climate
or productivity (the words themselves referring to energy).

Different meanings of energy occurring in the literature can be
summarized to three different forms of energy: 1) light (or more specifically
photosynthetically active radiation, which is the fraction of the visible spectrum
between 400 and 700 nm); 2) temperature; and 3) Gibbs free energy released
from reduced organic compounds when they are oxidized during intermediary
metabolism (Clarke and Gaston 2006, Clarke 2007). In practice light and
temperature are often lumped together as kinetic (Allen et al. 2007) or solar
(Evans et al. 2005d) energy; whereas, Gibbs free energy is considered to be
potential (Allen et al. 2007), or more colloquially, productive (Evans ef al. 2005d)
energy (or productivity). The important aspect following the definitions of
energy, is that plants and animals use different energy forms. Only plants are
able to utilize sunlight whereas animals use chemical energy. By contrast, both
plants and animals are affected by temperature through its effects on
organisms’ metabolic rate.

Because of obvious difficulties, experiments that directly manipulate
energy levels are quite rare (but see Srivastava and Lawton 1998, Hurlbert
2006). Hence, the energy measures used are rarely direct measures of available
energy for specific organisms but rather represent different kinds of proxies; for
instance, actual or potential evapotranspiration, biomass, temperature,
normalized difference vegetation index, etc. This calls for considerable care in
study design, because inappropriate proxies for energy may lead to erroneous
conclusions. For instance, several authors have used plant biomass as a measure
of energy for plants (Mittelbach et al. 2001). Within the theoretical framework
presented above, this seems highly inappropriate and may lead to spurious
conclusions of the general shape of SER (Gillman and Wright 2006, Whittaker
2010).
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1.3.3 Mechanisms

1.3.3.1 Mechanistic basis of SER

Nowadays, the interest of studies concerning large scale species richness
patterns has largely shifted from describing the patterns to revealing the
underlying mechanisms. This makes the distinction between different energy
measures especially important because mechanisms through which energy may
affect species richness most likely depend on the energy form (Evans et al.
2005d, Clarke and Gaston 2006). Also, it must be borne in mind that the
relevance of different mechanisms may differ according to spatial scale (Evans
et al. 2005d). The following introduction to different mechanisms resulting from
light, temperature, and productive energy is not meant to be exhaustive but
aims to present the wideness of the theoretical framework concentrating on the
most important/studied mechanisms.

1.3.3.2 Light and temperature

Plants need light to produce sugars through photosynthesis. At small scales the
effect of light on species richness has been rigorously demonstrated by Hautier
et al. (2009), who showed that decreasing species richness after eutrophication
in grass communities was prevented by adding light in the under-storey.
However, at larger scales plant diversity is distributed far more unequally than
would be predicted from the availability of the light alone (Clarke and Gaston
2006). The reason for this mismatch is partly due to the water requirement in
photosynthesis. Thus, strong correlations between plant species richness and
climatic variables involving water and temperature have been found (e.g.
Francis and Currie 2003).

But why should temperature be a better explanatory variable than light,
especially if these two are intercorrelated? The direct effects of temperature on
species richness have been emphasized by several different hypotheses.
Apparently the first hypothesis put forward to explain latitudinal species
richness gradient involved temperature: in 1808 von Humboldt reasoned that
just a few species might be tolerant for freezing (Hawkins 2001). In modern
days the ideas behind von Humboldt’s hypothesis has taken multiple forms.
For example, the physiological tolerance hypothesis (Currie ef al. 2004) and the
range limitation hypothesis (Evans et al. 2005a) state that fewer species can
physiologically tolerate conditions in low-energy areas (i.e. cold and/or dry)
than in high-energy areas (warm and wet). In contrast, Lennon et al. (2000), as
the basis of their thermoregulatory loads hypothesis, argued that in warm
regions individuals use less energy in their thermoregulation and therefore can
allocate more energy for growth and reproduction. This results in higher
population densities which are less vulnerable to extinction. Although the
previous hypotheses refer to slightly different phenomena they have an
underlying tenet that warmer habitats are easier place to live than cold ones.
However, neither Currie et al. (2004) nor Lennon et al. (2000) found the
predictions of their hypotheses to be fulfilled. More importantly, all of the
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hypotheses leave one central question unanswered: why should more species
be adapted to high-energy areas (Evans et al. 2005d)?

A possible answer to this question might be given by the evolutionary
speed hypothesis (Rohde 1992, Allen et al. 2002, 2006). It predicts that
temperature affects speciation and extinction rates: high temperature results in
faster speciation rates and slower extinction rates. This hypothesis makes
several key assumptions but the current knowledge seems to be inconsistent
and/or insufficient in order to fully reject or by contrast, strongly support the
hypothesis (Evans and Gaston 2005, Evans et al. 2005d, Clarke and Gaston
2006). Thus more research on the topic is clearly needed.

1.3.3.3 Productive energy

Increased productive energy has been hypothesised to promote species richness
through several pathways: via increasing food chain lengths (Oksanen et al.
1981, Fretwell 1987), by enhancing species recovery from disturbances (Huston
1979), increasing the number of predators resulting from lowered competitive
exclusion among prey species (Paine 1966, Evans et al. 2005d), or by enabling
species to concentrate on fewer resources and thus reduce their niche breadth
overlap allowing more species to coexist (Evans et al. 2005d).

The hypothesis that has probably gained the most attention is the so called
more individuals hypothesis (MIH; Srivastava and Lawton 1998). MIH is an
equivalent for MacArthur’s & Wilson’s (1963, 1967) island biogeography theory
in the sense that areas with increased productive energy are supposed to be
able to sustain larger population sizes which are less vulnerable to extinction.
Although MIH is intuitively appealing, its predictions have seldom shown to be
fulfilled (Srivastava and Lawton 1998, Currie et al. 2004, Evans et al. 2005a, b, c,
2006, 2008, Hurlbert and Jetz 2010, McGlynn et al. 2010, but see Kaspari et al.
2000, Monkkonen et al. 2006). Moreover, the sampling hypothesis, where more
individuals are sampled in an increased area, has its equivalent in species-
energy framework: larger amounts of productive energy may support larger
numbers of individuals, which could represent larger number of species, just by
chance (Evans et al. 2005d). Random sampling and MIH are similar in that they
both predict species richness resulting from increased number of individual but
they have an important difference: MIH predicts that increased number of
individuals results in increased species richness due to reduced extinction
events. Thus, in order to rigorously test MIH one must take energy-based
sampling hypothesis into account. An increase in the number of individuals as
a consequence of increased energy, does not prove that MIH is working.
Indeed, the energy-based sampling hypothesis has gained support (Carnicer et
al. 2008, Evans et al. 2008) but can not fully account for SERs.

Increased productive energy may increase the local abundance of rare
resources, combinations of resources, and conditions that are required by
specialist species (Abrams 1995). An increased variety of resources may be
considered as an essential part of habitat heterogeneity. Therefore high-energy
areas may be better able to sustain niche position specialists (Abrams 1995,
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Evans et al. 2005d). In contrast to niche breadth specialists, which use relatively
narrow resource range, niche position specialists use relatively rare resources
i.e. atypical resources for a particular community (Gregory and Gaston 2000). A
growing number of studies suggest that some kind of niche specialization is at
least partly responsible for correlated species richness with energy (Srivastava
and Lawton 1998, Hurlbert 2004, Evans et al. 2006, Mason et al. 2008, Hurlbert
and Jetz 2010).

Allen et al. (2007) have taken an integrated approach into the mechanisms
behind SER: a metabolic theory of ecology. This theory states that both kinetic
and potential energy play important roles in regulating species richness.
Specifically, the theory proposes that thermal kinetic energy (i.e. environmental
temperature) affects biodiversity through its effects on cellular- and individual-
level processes, and chemical potential energy affects species richness through
its effects on community abundance (Allen et al. 2007). Moreover, both of the
energy forms regulate species richness since they affect speciation rates.
Increase temperature is proposed to increase the rates of genetic divergence
among species populations (Allen et al. 2006), whereas increased potential
energy will increase the abundance of individuals by increasing the total rates
of population subdivision (Allen et al. 2007). Thus, the metabolic theory of
ecology is consistent with both evolutionary speed hypothesis and MIH whilst
combining them with ideas from neutral theory of biodiversity (Hubbell 2001).
Although there are clearly some challenges and caveats in the current metabolic
theory of ecology (Allen et al. 2007) it is a step towards an integrative
understanding of the mechanisms producing the observed SERs (Stegen et al.
2009).

1.3.4 Forms of the species-energy relationship

Despite the amount of studies related to SER a considerable disagreement exist
over what is the general form of the SER (Waide et al. 1999, Mittelbach et al.
2001, 2003, Whittaker et al. 2001, Whittaker and Heegaard 2003, Gillman and
Wright 2006). In contrast to species richness and area, which virtually always
show a positive correlation (Connor and McCoy 1979), SERs have been
observed to show multiple forms. SERs may form positive, negative, hump-
shaped or U-shaped relationships, and sometimes there is no relationship at all.
Particularly the hump-shaped relationship (i.e. at first species richness increases
and then declines after the peak) has got a lot of attention leading some authors
to refer it as the ‘true’ (Rosenzweig 1995) or the ‘ubiquitous’ (Huston and
Deangelis 1994) form of SER. However the generality of a unimodal pattern
may be partly misconceived, as a positive or negative relationship can always
be interpreted to represent just a part of the pattern (see for instance Pértel ef al.
2007). Unfortunately all meta-analyses investigating the general form of SER
(Mittelbach et al. 2001, Gillman and Wright 2006, Partel et al. 2007) have resulted
in highly divergent outcomes. These meta-analyses have been shown to suffer
from serious flaws compromising their reliability (Whittaker 2010).
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A great deal of the confusion around the shape of SER may arise from the
failure to understand the significance of spatial scale (Rahbek 2005, Whittaker
2010). Spatial scale consists of three things (Whittaker et al. 2001): (1) grain
which refers to sampling unit, (2) focus which is the inference space used in
analysis (which in some cases equals and is often used as a synonym to grain)
and (3) extent which refers to geographic area within which the data set is
embedded. Usually the extent of the study is discussed in studies of SERs but
the importance of grain is overlooked (Whittaker 2010). However, both grain
and extent are likely to affect SERs. First, the form of the SER may change as the
grain of the study changes (Whittaker et al. 2001, Chase and Leibold 2002,
Whittaker and Heegaard 2003, Chalcraft et al. 2004, 2008, Whittaker 2010).
Indeed, larger grain sizes have often been found to result in monotonically
positive SER, whereas more various forms of SER have been found at smaller
grains. Second, different mechanisms are likely to act at different grains and
extents (Evans et al. 2005d). Thus in order to gain meaningful results from the
SER study, or even more importantly when comparing different studies, the
work should be placed in an explicit scale framework in terms of both grain and
extent (Whittaker 2010).

1.3.5 Energy and species composition

Species richness is by no means the only measure describing species
assemblages. Two similar areas may differ drastically in their species
composition. The species richness may be similar although the individual
species types found within may differ. Alternatively, two areas may have
different levels of species richness, yet the species types overlap between the
two areas. To put it formally, regional species richness (y-diversity, sensu
Whittaker 1960) consists of local species richness (a-diversity) and species
compositional variation/turnover among the sites (B-diversity) (see Tuomisto
2010a, b, for a recent review of B-diversity). Thus high regional species richness
can be achieved if every site has high local species richness or if species differ
among localities.

Though equally important, the patterns of species richness has received
considerable amount of attention, species turnover has received far less effort
(Gaston et al. 2007). Although, the issue is closely related to the scale-
dependency of SERs. As already stated, the form of SER has been observed to
change with the scale. For instance, Chase and Leibold (2002) showed that the
relationship between primary productivity (a measure of productive energy)
and local species richness was hump-shaped, whilst the relationship between
primary productivity and regional species richness was positive. Thus, species
compositional differences must have increased with productivity. Indeed,
increasing species dissimilarity with increasing energy has often been observed
(Chase and Leibold 2002, Harrison et al. 2006, Bai et al. 2007, Gardezi and
Gonzalez 2008, He and Zhang 2009, Chase 2010), although unimodal (Chalcraft
et al. 2004) and negative (Bonn et al. 2004) relationships have been found.
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The mechanisms behind increasing species turnover with increasing
productivity are not clear but several different mechanisms have been
proposed. First, high-productivity areas may have higher heterogeneity in
environmental factors (including productivity itself), which may enhance
species richness. However, this has not been observed in a few studies
addressing the question (Chase and Leibold 2002, Harrison et al. 2006). Chase
(2010) showed that a species pool that could potentially live in low-productivity
sites was more or less nested within the pool of high-energy species, plus
different stochastic events such as colonization history increased with
increasing productivity. Hence, increasingly random species assemblages with
increasing primary productivity led inevitably to higher dissimilarity among
sites (Chase 2010).

Increased harshness of environmental conditions can decrease site
similarity by filtering out species that can not tolerate such conditions from a
regional species pool (Chase 2007). For instance, the effect of nutrient
enrichment was dependent on the initial productivity state of the site: nitrogen
enrichment increased dissimilarity at low-energy sites and decreased it in high-
energy site (Chalcraft et al. 2008). Thus, high nitrogen concentrations could be
considered as a harsh environmental condition to which few species are
adapted. It is easy to imagine why drought (Chase 2007) or very high nitrogen
loading (Chalcraft et al. 2008) can be considered as a ‘harsh’ condition.
However, if we use the same terminology to low productivity we end up back
to the basic question: why are more species are adapted to high-productivity
than to low-productivity conditions?

1.4 Area, energy or habitat heterogeneity?

Although Wright (1983) originally tried to refine MacArthur’s and Wilson's
(1963, 1967) theory of island biogeography by simply replacing ‘area’ by “total
available energy’, effects of area and energy are seldom studied simultaneously
(but see Storch et al. 2005, 2007, Hurlbert 2006, Kalmar and Currie 2006,
Hurlbert and Jetz 2010). Usually studies of SER are based on equal-area grid
data that focus on the variation in energy whilst controlling the effect of area.
Moreover, studies that have integrated SAR and SER have often gone about the
problem by using also grid-base data but with multiple grid sizes (Storch et al.
2005, 2007). These studies come quite close to the scale-shifting issue discussed
earlier (for example Evans ef al. 2008). A quite different analytic approach is to
add the area as an explanatory variable to the analysis, together with energy
(e.g. Kalmar and Currie 2006). Although the energy-related variables tend to be
more strongly correlated with taxon richness than area or habitat heterogeneity
(Field et al. 2009), it does not mean that area and/or habitat heterogeneity do
not have any effect on species richness.

In shaping species richness patterns area and energy are theoretically
related in several different ways. First, increasing area can, and usually does,
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increase the amount of energy available for species. Secondly, area and energy
can also be linked through their effects on habitat heterogeneity. Both area and
energy may increase habitat heterogeneity but it seems energy benefits species
richness more (Hurlbert and Jetz 2010). This complexity suggests that it would
be beneficial to study the effects of area, energy, and habitat heterogeneity
simultaneously.

1.5 Aim of the thesis

The scientific literature concerning patterns of species richness in their relation
to area, energy, and related factors is enormous. However, despite the ongoing
work over 100 years our knowledge of the mechanisms producing the basic
patterns of biodiversity is still incomplete. Because of the actions of humankind
we are now on the crest of the 6th extinction wave. Thus it is more important
than ever to reveal the mechanisms behind patterns of species richness. Not
purely for theoretic knowledge, a mechanistic understanding of the causes of
species diversity could help us to predict the consequences of our actions and
give us tools to protect biodiversity (Kerr et al. 2007). Moreover, the effects of
area, energy, and habitat heterogeneity may be intertwined. The general aim of
my thesis is twofold: 1) to dissect the effects of area, energy, and habitat
heterogeneity on species richness, and 2) provide information about the
mechanisms behind species richness patterns.



2 STUDY QUESTIONS AND HYPOTHESES

The four studies included in the thesis in concert provide a wide perspective on
species richness patterns occurring in boreal landscapes. Despite the common
theoretical background, I have chosen to study the subject from different angles:
the studies are conducted at different spatial scales, with different organisms,
and each of the paper takes a slightly different point of view to the subject. The
first of the studies address boreal forest bird species richness in Finnish forested
nature reserves. I began with the following question:

1. Is the main determinant of bird species richness area, energy, habitat
heterogeneity or a combination of these factors (I)?

Although at larger scales energy tends to be a superior explanatory factor for
species richness (Field et al. 2009), it is by no means self-evident that it would
always override the effects of area and habitat heterogeneity. Moreover, the
effects of the three factors may be intertwined, and this synergism is seldom
addressed. Answering this basic question about the nature of species richness
pattern also allowed me to develop the study further by asking:

2. What is the mechanism(s) producing species richness (I)?

It has become clear by now that the mechanisms producing variation in species
richness are still not fully understood. Hence, I identified 12 different potential
mechanisms causing increase in species richness with increasing area, energy,
and/or habitat heterogeneity, and developed unique predictions for these
mechanisms and tested them explicitly. This was (partly) done by the so called
deconstructive approach (Marquet et al. 2004) which recognizes that species
differ from each other and may respond in different ways to changes in the
environment. Thus decomposing richness into smaller subsets of species that
are internally more homogenous can help to reveal the mechanisms producing
species richness patterns (Evans et al. 2006, Terribile et al. 2009). For instance,
MIH predicts that rare species respond stronger to increasing energy than
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common ones (see reasoning in paper I). The deconstructive approach is used
throughout the studies in the thesis but it is especially important in paper L.

In the second study I concentrated on the relationship between area and
energy on species richness. I formalized a hypothesis which suggests that an
area’s ability to support species is dependent not only on the total energy it
contains, but also on the spatial dispersion of energy, defined here as the mean
energy density and its spatial variation. In other words, the same amount of
total energy may be distributed within a large area resulting in low mean
energy density or within a small area consequently resulting in a high mean
energy density. The distinction between total energy and mean energy density
in area is rarely made, basically because the studies are often conducted in the
grid-based framework where the area is held constant. Thus my question was:

3. Does density of energy and its spatial dispersion limit species richness
and if so, by what mechanism (II)?

Energy density and its spatial variation may influence species richness through
two mechanisms which need not to be mutually exclusive. First, energy should
be sufficiently concentrated in space so that it can fulfil the organisms’
metabolic requirements. As home range size is approximately proportional to
body mass and energy requirements scale with body mass as power of 0.75
(Peters 1986), small-bodied animals cannot gather sufficient amounts of energy
where the spatial density of energy is too low. In contrast large-bodied species
are likely to be primarily limited by the total amount of energy in the area
(Bokma 2004). Therefore, small-bodied species should primarily respond to
energy density and large-bodies species to total energy availability. Second,
increased mean energy density or its spatial variation may increase the local
abundance of rare resources or combinations of resources and conditions that
are required by specialist species (Abrams 1995).

Specifically, in order to answer my question I tested 1) whether energy
density and its spatial variation are better predictors of species richness than the
total amount of energy in the area. To dissect between the two possible
underlying mechanisms, I tested the following predictions: 2) Small-bodied
species respond more strongly than large-bodied species to mean energy
density, whereas the opposite is true for the total amount of energy; 3) Both
aspects of the spatial dispersion of energy (mean energy density and its
variation) influence species richness: first, more resources - including rare
resource types - are likely to occur where mean energy density is high, which
benefits specialists. Second, some species are specialized on exceptionally high
energy densities whereas others are specialized on low energy densities, and
hence species richness increases also with increasing spatial variation in energy
density.

In the third study I studied the relationship between potential
productivity (i.e. the availability of limiting nutrients) and aquatic macrophyte
species richness and turnover in boreal lakes. The beginning question was:
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4. Is the main determinant of aquatic macrophyte species richness: area,
energy, non-nutrient related water quality, or a combination of these
factors (III)?

All of the factors have been shown to have an effect on species richness but
their relative importance, and particularly the form of species-energy
relationship seem to vary (Dodson et al. 2000, Jeppesen et al. 2000, Heino 2002).
This is likely due to the fact that different life-form groups of aquatic
macrophytes react differently to increasing productivity (Jeppesen et al. 2000,
Edvardsen and @kland 2006), and differ in their use of the littoral habitat, as
well as response to other environmental factors (Toivonen and Huttunen 1995,
Lacoul and Freedman 2006). Thus, it is relevant to study the species richness of
these particular life-form groups separately.

I predicted that species richness of different life-forms may react
differently to some of the study variables and the relative number of species
belonging to each life-form group then determines the response of total species
richness to explanatory variable in question. Thus, I formalized specific
predictions for responses of each of the life-form groups.

Studying the relationship between energy availability and species
turnover could improve our understanding of regional and local diversity
dynamics. Thus, I continued with the question:

5. How is species compositional turnover related to productivity (III)?

The simplest hypothesis explaining the relationship between productivity and
compositional turnover is the random sampling mechanism. It predicts
decreasing turnover rates with increasing productivity: low productivity areas
tend to foster very few individuals (a small fraction of total species pool), and
thus pure random sampling mechanism may result in high turnover rates
between two sites of low productivity as they both have just few individuals.
With increasing sample size such random effects become moderate. However,
also hypotheses invoking biological mechanisms can be related to explain the
relationship between species turnover and energy: the more individuals
hypothesis (Srivastava & Lawton 1998) predicts that with increasing
productivity individual species became more abundant and therefore can
maintain viable populations, thus leading to decreasing turnover with
productivity. A contrasting prediction can be derived from niche specialization
hypothesis whereby higher levels of productivity enable individual species to
become more specialized in resource use resulting in higher turnover rate
among sites at higher levels of productivity (Bonn ef al. 2004). Finally, purely
stochastic processes such as ecological drift, dispersal limitation, priority effects,
and differential colonization/extinction dynamics across localities may result in
higher compositional turnover rates at higher levels of productivity (Chase
2010). Thus, I addressed if the relationship is negative as predicted by the
random sampling and the more individuals hypotheses, or positive as
predicted by the niche specialization hypothesis and stochastic processes, and
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whether it follows the variation in species richness. A unimodal pattern of
compositional turnover would indicate that several mechanisms operate
simultaneously.

The fourth study concerns dragonfly (Odonata) species richness in boreal
forest ponds. Again, I began with dissecting the effects of area, energy, and
habitat heterogeneity on species richness by asking:

6. Is the main determinant of dragonfly species richness area, energy,
habitat heterogeneity or a combination of these factors (IV)?

All of the three factors have been shown to affect dragonfly species richness but
their relative importance is unclear. Moreover, answering the previous question
is a prerequisite for answering the next, perhaps more interesting question:

7. Do the individual species respond to the same environmental variable
(area, energy, habitat availability) than species richness and which
species determine the observed species richness pattern (IV)?

Thus, I took the deconstructive approach to its extreme (Terribile et al. 2009): 1
modeled the occupancies of individual species. The reasoning behind this was
that it is not clear whether species richness patterns arise from consistent
responses of individual species to area, energy, and habitat availability, or if the
overall pattern is merely due to responses of a few dominating species.

I set up two competing hypotheses: 1) rare species respond strongly to the
same environmental variable as the total species richness and thus determine
the relationship, and 2) more common species respond consistently to
environmental variables and are the main drivers of species richness patterns.
Dissecting between the two hypotheses is of importance as it is often assumed
that variation in species richness is primarily due to presence/absence of rare
species rather than more ubiquitous common species. These results have
important conservation implications because species richness has been a
commonly used proxy in conservation site selection projects (Prendergast et al.
1993).



3 MATERIALS AND METHODS

3.1 Study species and variables

3.1.1 Birds (I, IT)

I used breeding bird line transect census data (Jarvinen and Viisdnen 1975)
from 104 forested nature reserves in Finland. The data were collected by the
state forest enterprise Metsadhallitus during years 1976-2006 and they represent
geographical variation from 60°11” to 67°46’N and 22°10" to 31°16’E. I restricted
the species pool to birds having forest as a main habitat type (77 species). These
species were further grouped based on their recovery ability, abundance,
trophic status, habitat use and migratory behavior in order to dissect between
competing hypotheses.

For each reserve, I used two different productive energy measures: tree
volume (m3) and growth (m3 y7). Tree volume mirrors the standing tree
biomass. Larger tree biomass implies larger production of many critical
resources for birds, such as invertebrate prey, seeds, and nesting sites. By
contrast, tree growth measures annual increment of tree biomass, i.e. instant
productive energy. From these energy measures I derived total energy
availability (I) and total energy density (I, II) for each reserve. As a solar energy
measure | used degree days (the sum of the degrees above + 5 °C for all days
during the growing season) and area was defined as forested area in the reserve.
As measures of habitat heterogeneity I used structural habitat heterogeneity i.e.
the number of different types of stands present in the reserve (I, II), and spatial
variation in energy density within a site (II).

3.1.2 Aquatic macrophytes (III)

I used aquatic macrophyte species from 67 lakes situated in Eastern Finland
(61°9" to 63°51’N; 25°41" to 30°45'E). Data were collected by regional
environmental authorities using a transect method (Kuoppala et al. 2008) during
the growing seasons of 2002 - 2008. Total of 105 aquatic macrophyte species
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were recorded. In addition to studying total species richness of aquatic
macrophytes, I considered the species richness of different life-forms separately.

As measures of available habitat area I used shoreline length and Secchi
depth which reflects water transparency. I used degree days as a measure of
solar energy, and total nitrogen (TN) and total phosphorus (TP) as proxies for
(potential) productive energy because these nutrients have been shown to be
limiting factors in freshwater systems (Elser et al. 2007). Additionally, water pH,
conductivity and alkalinity were included into analyses due to their great
potential for shaping aquatic macrophyte communities (Toivonen and
Huttunen 1995, Vestergaard and Sand-Jensen 2000).

3.1.3 Dragonflies (IV)

I sampled 26 forest ponds and small lakes situated in Central Finland (61°36” to
63°17'N; 24°40" to 26°11'E). I sampled the ponds for dragonfly (Odonata) larvae
twice during summer 2007, with a water-net and searched the shoreline for
dragonfly exuviae (the larval skin that leaves behind when a dragonfly
emerges). The sampling effort was standardized according to shoreline length
which was also considered as a measure of area (habitat available for larvae).

Aquatic plant species richness could represent habitat heterogeneity for
dragonflies as they use vegetation for various actions in all life-stages
(Buchwald 1992, Corbet 2004). I sampled aquatic plants by a transect reaching
from the shoreline towards the center of the pond as far as the vegetation did,
and the number of transects was standardized according to shoreline length. As
in study III, I used TP and TN as proxies for productive energy of ponds.
Additionally, I measured water pH since it has been showed to have an effect
on dragonfly species community (Johansson and Brodin 2003). Although solar
energy has been found to affect dragonfly species richness (Heino 2002, Keil et
al. 2008) due to limited range of temperature (a result from a restricted extent of
the study) it was not considered in the current study.

3.2 Statistical analyses

Throughout the studies I used an information theoretic approach in analyzing
the data (Burnham and Anderson 2002). First, I developed a set of candidate
models explaining species richness. There different explanatory variables were
regressed against species richness (i.e. number of species), or species richness of
certain species groups (I, III). Inclusion of the variables in the models was based
on the different competing hypotheses, as was the use of specific species
groups. As spatial autocorrelation may violate the assumption of residual
independence (Legendre and Legendre 1998), 1 wused simultaneous
autoregression (I, III) or spatial partial regression models (II) to account for the
spatial structure in the data of large scale studies.
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I used Akaike Information Criterion (AIC) to compare the alternative
models (Burnham and Anderson 2002). The AIC method is based on likelihood,
but it encourages parsimony (i.e. models with as few parameters as necessary)
by imposing a penalty according the number of parameters included. The
model with the smallest value of AIC is considered to have the most support
given the data. If there is no apparent best model in the set (which is often the
case) differences in AIC values among competing models (AAIC) enable a more
comprehensive interpretation of the results. These differences are usually
calculated between each individual model (i) and the model with the smallest
AIC (AAIC; = AIC; - AICuin). It is generally considered that models differing
less than 2 have a substantial level of empirical support, 4 through 7
substantially less support, and greater than 10 essentially no support (Burnham
and Anderson 2002). However, rather than restricting oneself to this quite
simplistic view inferences can be drawn from the whole model set easily by
calculating model-averaged parameter estimates for different variables to
compare their effects on species richness (I1I, IV; Burnham and Anderson 2002).

In studies II and IV, I wanted to test individual species responses to
different environmental variables. In study II, I did this by fitting a binary
logistic regression model. On the other hand, to gain individual dragonfly
species responses I used single-season occupancy models which use repeated
surveys of ponds to estimate occupancy and detection probabilities (MacKenzie
et al. 2002, IV).

I emphasized earlier the importance of an explicit scale framework for
both grain and extent. Bringing the variation into our analyses might seem
contradictory; however, the amount of sampling conducted was relative to area
(L 1, IV) or the sampled area was included in the analyses (III). Moreover,
random sampling was taken into account by using residuals from observed vs.
randomised species richness as a response variable (I), including number of
individuals (II, IV) or in the models.

The spatial autoregression models, spatial partial and binary logistic
regressions were built using SAM 3.0 (Rangel et al. 2006), single-season
occupancy models were calculated with Presence (MacKenzie et al. 2006),
species similarity indexes were calculated with ‘vegan’ package in R (R
Development Core Team, 2010), and other analyses were performed with SPSS
16.0 (SPSS Inc., Chicago, IL, USA).



4 RESULTS AND DISCUSSION

4.1 Bird species richness (I, IT)

Tree volume and growth (proxies for productive energy) explained boreal
forest bird species richness better than area or structural habitat heterogeneity,
the relationship being monotonically positive (I). This shows that productive
energy overrides the effects of area and habitat heterogeneity in the study
system and is in line with several studies showing the importance of productive
energy for bird species richness (e.g. Wright 1983, Storch et al. 2005, Ménkkonen
et al. 2006, Hurlbert and Jetz 2010). Solar energy, which has been previously
shown to be an important variable for bird species richness (Hawkins et al.
2003a, b, Evans et al. 2005a), did not play a significant role in explaining species
richness. The difference arises most likely from the rather restricted spatial
extent of my study: when variation of solar energy is not considerable it can not
be a very good predictor of variation of species richness either.

Random sampling was the main mechanism through which productive
energy affected species richness. The high-energy areas harbored increased
number of individuals, which consequently represented higher number of
species. Together with previous studies (Carnicer et al. 2008, Evans et al. 2008),
finding support for a random sampling mechanism calls for controlling random
sampling in order to reveal other mechanisms producing SER. Indeed, when
controlled for, it appeared that random sampling was not sufficient to explain
all of the variance in species richness and thus multiple mechanisms are likely
to take a part in shaping SERs (Carnicer et al. 2008, Evans et al. 2008).

After taking into account the random sampling mechanism, total
productive energy in an area had a positive effect on species richness. While the
size of the area had a negative effect (I), meaning that for a given area larger
areas fostered fewer species. Thus an area’s ability to support species may not
be dependent only on the total amount of energy it contains but also the density
of productive energy (energy per area unit). In contrast to our predictions
metabolic constraints were not likely to explain the relationship between
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species richness and energy density. Small-bodied species were found not to be
limited by productive energy density and total productive energy content did
not limit the occurrence of large-bodied species (II). Thus it seems that
increased productive energy density increased habitat heterogeneity, which
benefits specialist species. Also, there was considerable variation among species
in their response to increased mean energy density (II): some species responded
positively, some negatively and others did not react at all. Moreover, the
variation in mean productive energy density within a site, a measure of habitat
heterogeneity, was associated with increasing species richness (II). A model
with random sampling accounted for found that productive energy density and
its variation explained over 80 % variation in species richness (II). Thus most
species would find their habitat from a high-energy site that included a lot of
variation in energy density within the site.

It has long been recognized that bird diversity responds positively to
increasing complexity in vegetation structure within stands due to the addition
of different foraging guilds (Willson 1974). Vegetation structure and complexity
tends to increase within plant species richness which in turn has been shown to
be linked to the global energy gradient (Francis and Currie 2003, Kreft and Jetz
2007). Indeed, climatic factors may influence bird species richness through
vegetation structural complexity rather than directly (Kissling et al. 2008).
However, for some species increased habitat heterogeneity may mean increased
fragmentation (Tews et al. 2004). This was also apparent in our data as some
species reacted negatively to increased variation in energy density (II).

Also, tree volume explained species richness better than tree growth (II).
Tree volume is an energy measure directly reflecting the standing tree biomass,
which supports a very large proportion of the resources critical to forest birds
(food, nest sites, cover, etc.). By contrast, tree growth reflects the annual
increment of tree biomass, without consideration of standing stock. For
example, a young forest with little tree biomass may have a faster tree growth
than a tall forest containing a large tree biomass. Hence, standing tree biomass,
by reflecting the availability of resources, is a more useful energy measure than
the rate of tree growth for predicting bird species richness.

Overall, my results showed that the boreal forest bird species richness of
Finnish forested protected areas is mainly governed by total volume of trees, a
measure of productive energy in the reserve. An increase in productive energy
increased the number of individuals in the reserve which in turn resulted in
elevated species richness. Additional increases in species richness were through
spatial dispersion of productive energy which most likely benefited specialist
species. My results fit well with earlier studies showing that energy affects
avian species richness through increasing number of individuals. But
abundance does not predict species richness perfectly, and at least part of the
additional increase in species richness results from increased habitat
heterogeneity with energy (Hurlbert 2004, Hurlbert and Jetz 2010). Hence, area,
energy, and habitat heterogeneity seem to be intertwined both in theory and in
practice.
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4.2 Aquatic macrophyte species richness (III)

The main determinants of aquatic macrophyte species richness were: shoreline
length (a proxy for habitat area), potential productivity, and non-nutrient
related water quality. Together these three variables explained 60 % of the
variation of total species richness. As predicted, the relative importance of
individual variables depended on the specific life-form group studied.

The positive effect of area (shoreline length) has usually been explained
through habitat heterogeneity. Since larger lakes have more microhabitats,
more species will be able to find a suitable habitat as area increases (Rorslett
1991, Toivonen and Huttunen 1995). Due to restrictions of the data, habitat
heterogeneity was not included in my study and thus the specific mechanism is
left open to speculation. However, as the total transect length sampled in a lake
was taken into account in analyses, random sampling is unlikely to generate the
result.

My results provide further support for the importance of potential
productivity to species richness. Contrary to the fact that unimodal SERs have
been found in water environments (Dodson et al. 2000) the effect of potential
productivity on macrophyte species richness was positive. In addition, non-
nutrient related water quality affected species richness particularly strongly.
These effects may be partly due to pH, whichis strongly correlated with humus
concentration, that in turn is known to be an important determinant of aquatic
macrophyte species richness in Finland. Lakes with low pH are highly humic
and consequently display low species richness. Unfortunately, I was unable to
include humic content into the analyses due to the high amount of missing
cases.

Contrary to my predictions the measure of solar energy, degree days, had
no effect on species richness. As increasing latitude (which obviously has a
strong correlation with degree days) has been previously found to decrease
species richness of aquatic macrophytes in boreal areas (Heino 2002, Heino and
Toivonen 2008), the poor predicting ability of degree days may be a result of the
relatively small variation in the variable due to the limited regional extent of the
study.

Regardless of the specific life-form group and contrary to numerous
studies (Chase and Leibold 2002, Harrison et al. 2006, Bai et al. 2007, Gardezi
and Gonzalez 2008, He and Zhang 2009, Chase 2010) species turnover showed a
unimodal response to potential productivity (TN and TP availability). Lakes
with high potential productivity and high species richness were similar to each
other, as were lakes with low potential productivity and low species richness. In
contrast, lakes of intermediate productivity had high species compositional
turnover. This indicates that neither the random sampling hypothesis, the more
individuals hypothesis, the niche specialization hypothesis, nor the stochastic
processes, which all predict linear relationships, are exclusively capable of
explaining the results. Several mechanisms are likely involved.
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However, there was a strong increasing phase in species compositional
turnover with increasing productivity. Thus the niche specialization hypothesis
and/or stochastic processes may be involved. Increased harshness of the
environment, such as low productivity or excessive nutrient richness, can act as
an environmental filter allowing only species tolerating these harsh conditions
to exist (Chase 2007, 2010). This process, filtering off species from the regional
species pool, may result in homogenized species compositions at both ends of
the productivity spectrum. The decreasing phase of species turnover was due to
six lakes with very high levels of potential productivity. These lakes are located
in drainage basins with much higher cover of agricultural land than average.
Thus, it may be that the aquatic macrophyte flora of the study is poorly adapted
to human-induced eutrophic conditions, limiting the number of species capable
of occupying the highly eutrophic lakes.

In conclusion, although the level of potential productivity may increase
local species richness (i.e. within a lake), it may also decrease the regional
species diversity as species turnover between the lakes may be reduced. This
probably results from anthropogenic eutrophication, which may cause regional
impoverishment of aquatic macrophyte species diversity. Regional
homogenization of species diversity following excessive nutrient content poses
a serious threat to freshwater diversity (Donohue et al. 2009).

4.3 Dragonfly species richness (IV)

Dragonfly species richness was largely determined by the density of aquatic
plant species. This was not surprising since the positive connection between
species richness of aquatic plants and dragonflies has earlier been shown shown
at multiple scales (Sahlén 1999, Heino 2002, Keil et al. 2008). The mechanistic
reason for this pattern is, however, obscure. Although dragonflies do not
directly feed on plants they do use water vegetation for multiple purposes
during different life-stages (Buchwald 1992, Corbet 2004). Despite that only a
few dragonflies directly depend on some specific plant species (Aeshna viridis
and its tight connection with Stratiotes aloides being the only example in
Finland) it may be that increasing amount of plant species allows more
dragonfly species to find their optimal habitat in a pond. On the other hand,
rather than focusing on some specific plant species, dragonflies may prefer
emergent, floating or submerged vegetation (Sahlén 2006). It is likely that the
number of these life-forms increases with increasing plant species richness,
which then benefits dragonfly species richness. My results suggest that aquatic
macrophytes are important for creating different structures and habitats for
other organism groups (III, Crowder and Cooper 1982, Gilinsky 1984) and,
more generally, stress the importance of habitat heterogeneity as a driver of
species richness (Tews et al. 2004).

Additionally water pH was an important determinant of dragonfly species
richness: species richness increased with diminishing water acidity. Also earlier
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studies have shown water acidity to be an important variable explaining
dragonfly community composition (Johansson and Brodin 2003). Dragonfly
larvae are relatively tolerant to changes in pH (although the evidence is rather
controversial, see Corbet 2004). Consequently pH may seldom be the proximate
factor determining the species distribution (Corbet 2004). Thus, it has been
suggested that the effect of pH is indirectly mediated by fish predators
(Eriksson et al. 1980, Bendell and McNicol 1987). Indeed, presence of fish
strongly determines relative abundances of species in dragonfly communities
(McPeek 1990, Johansson et al. 2006) and may have a positive, but relatively
small effect on dragonfly species richness (Johansson et al. 2006). Although I
suspect that fish occurred in most of the study ponds and thus it is unlikely that
my main results were biased due to unknown fish presence, different fish
species and their abundance may affect dragonflies differently (Wittwer et al.
2010). Unfortunately, I do not have data to evaluate such an effect in the study
ponds.

Shoreline length (or pond area) has earlier been shown to affect dragonfly
species richness (Oertli et al. 2002) but I did not find such a relationship.
Moreover, main water nutrients, TN and TP, had a negligible effect on
dragonfly species richness. This was not a big surprise since dragonflies are not
directly dependent on these nutrients. In order to test rigorously the
relationship between productive energy and dragonfly species richness a more
direct measure of resources available for dragonflies should be used. This could
be, for instance, the biomass of invertebrate fauna. Thus, my result emphasizes
the need for careful selection of the variables used as proxies for energy.
However, given the strong relationship between aquatic macrophyte species
richness and nutrient availability (III), one might have been expected an indirect
effect of nutrients on dragonfly species richness. On the other hand, I did not
find any correlation between nutrient availability and aquatic plant species
density.

Individual dragonfly species had various responses to shoreline length,
nutrient availability, pH, and aquatic macrophyte. However, the 6 species
showing the strongest relationship with aquatic plant density, representing 25
% of the total species richness, and shaped the entire relationship between
species richness and aquatic plant species density. By contrast the 9 rarest
species (which make 375 % of total species richness) did not have a
considerable effect on species richness patterns. Earlier studies have shown that
common species tend to shape species richness patterns (Jetz and Rahbek 2002,
Lennon et al. 2004) and that common species also show stronger correlations
with environmental variables than do rare ones (Jetz and Rahbek 2002, Evans et
al. 2005b, T). The reason for this may partly be purely statistical (Sizling et al.
2009). Although I was not able to remove all these possible statistical artifacts it
seems that in addition to being common a species need to response strongly to
the environmental factor in question in order to shape species richness patterns.



5 CONCLUSIONS AND IMPLICATIONS

5.1 Conclusions

I conclude by answering the questions presented in the ‘Study questions and
hypotheses’. My results showed that boreal forest bird species richness was
largely determined by productive energy (measured as total tree volume and
growth) in the nature reserve (I). The main mechanism producing the
relationship was energy-based random sampling whereby an increase in
productive energy increased the number of individuals in the reserve, which in
turn resulted in elevated species richness (I). Thus Connor’s and McCoy’s (1979)
view that sampling phenomenon as an explanation for SAR should be
considered as a null hypothesis and other hypotheses as alternatives is also
applicable to SER.

However, bird species richness was not totally determined by random
sampling. Energy density and its spatial dispersion further limited the species
richness of birds (II). This was not due to the metabolic constraints of birds but
most likely resulted from increased habitat heterogeneity benefiting specialist
species. Together with random sampling, the main mechanism underlying the
species-energy relationship in this system, energy density and its spatial
dispersion explained over 82 % of variation in species richness. These results
strongly corroborate the importance of energy in shaping species richness, and
that multiple mechanisms may account for species richness patterns
simultaneously.

Aquatic macrophyte species richness was determined by multiple factors:
shoreline length, potential productivity, and non-nutrient related water quality.
As predicted the relative importance of the variables depended on the specific
life-form group studied. While the effect of potential productivity on
macrophyte species richness was positive, species turnover showed a unimodal
relationship with potential productivity. Thus, although the level of potential
productivity may increase local species richness (i.e. within a lake), it may also
decrease the regional species diversity as species turnover between the lakes
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may be reduced. This result contradicts with the predictions of the random
sampling and the more individuals hypotheses and indicates that most likely
several mechanisms are involved in shaping productivity-compositional
turnover patterns.

Dragonfly species richness had a positive correlation with habitat
heterogeneity measured as aquatic macrophyte species density, rather than area
or energy (IV). The six species showing the strongest relationship with aquatic
plant density shaped the entire relationship between species richness and
aquatic plant species density. Although these species were all relatively
common, the commonness alone was not a sufficient factor for a species to
shape the species richness pattern. By contrast rare species did not have an
effect on species richness patterns.

5.2 Increasing energy, increasing species richness?

One major challenge of our times is the global climate change. In addition to
land-use change it is the most important threat to biodiversity (Sala et al. 2000).
Over the past 100 years, the global average temperature has increased by
approximately 0.74°C, and is predicted to continue to rise (IPCC 2007). Despite
this global pattern of increasing temperature the regional effects of climate
change are likely to differ. For instance, precipitation is diminishing in some
areas whilst elevating in others (IPCC 2007). Moreover, the frequency of
extreme events such as hurricanes, floods and droughts is likely to increase
(IPCC 2007). This makes the prediction of the regional effects difficult.

Human-induced climate change is already affecting natural systems all
over the globe. Species are responding to increasing temperatures, for instance,
by experiencing phenological shifts, such as changing their breeding and
migration patterns (Parmesan and Yohe 2003, Root et al. 2003). As species are
also changing their distributions with increasing temperatures (Parmesan and
Yohe 2003, Root et al. 2003) species richness patterns are likely to be affected.
According to SER species richness should increase with increasing
temperatures.

In order for species richness to increase as SER predicts, species must find
suitable habitats. Given the great speed of land use change and degradation of
habitats, the increasing levels of temperature may be irrelevant if the amount
and/or quality of habitats diminish drastically, as is the case all over the world.
Although temperature matters, the habitat area available is the first prerequisite
for species persistence. Moreover, species should be able to disperse along
rapidly changing climate gradient. It seems that even for birds, a group with
great dispersal ability, changes in distribution are too slow to keep up with the
rate of climate change (Devictor et al. 2008). On the other hand, species
distributions may not solely be determined by climate.

Species richness has been observed to increase with increasing
temperatures due to climate change (see e.g. La Sorte and Jetz 2010). As the



30

magnitude of temperature change will be greatest at northern latitudes and
precipitation is likely to increase simultaneously (IPCC 2007), the amount of
productive energy may increase. This should benefit bird species richness in
boreal forests that is according to my results heavily determined by the
productive energy of the forest (I, II). Current protected areas are often situated
in unproductive regions with low economic value (Pressey 1994), particularly in
Fennoscandia (Nilsson and Gotmark 1992, Virkkala 1996, Stokland 1997). Thus
the need to protect more highly productive sites is obvious (Virkkala et al. 1994,
Angelstam and Andersson 2001) which unfortunately contradicts with the
demands of the forest industries. So, at a first glance it would seem that climate
change would solve the problem by increasing amount of productive energy in
the reserves which should enhance species richness.

However, the future is not necessarily as bright as suggested above.
Although total forest growth may increase in Finland due to climate change, the
south forest growth may be reduced and only the north may increase
(Kelloméki et al. 2008). Consequently the special features of northern forests
may be diminished (Kellomdki et al. 2008). Overall, this suggests that the
Finnish forest environment is likely to be homogenized at the national scale.
Variation in energy levels within an area increases species richness but (most
likely) benefiting specialized species (II). Some of these species were specialized
on low-energy conditions (II). Such species may face serious habitat loss in
future climate regimes and are susceptible to major range contractions due to
climate change, (e.g. Virkkala et al. 2008). Even if these low-energy specialists
are replaced by other species preferring higher energy levels resulting in no
change in local species richness the outcome could be homogenized regional
species pools. Moreover, global scale climate change is likely to lead to a
considerable amount of species extinction (Thomas et al. 2004, but see Lewis
2006) further shrinking regional species pool.

Climate change may affect SER due to its effects on temperature and
precipitation patterns and consequently on solar and productive energy
regimes. As precipitation may either increase or decrease as temperature
increases, knowing whether a primary determinant of species richness is solar
or productive energy is of great importance. However, if we define energy as
potential productive energy, namely nutrient availability (III, IV) also other
anthropogenic processes may affect energy and consequently species richness
patterns. Despite that aquatic macrophyte species richness increased with
increased nutrient availability, the excessive nutrient loading resulted in higher
similarity within lakes in terms of species composition i.e. reduced B-diversity
(III). Thus, human induced eutrophication can lead to regional homogenization
of the species pool (Donohue et al. 2009). This may further lead to cascading
effects, for instance dragonfly species richness being highly dependent on
aquatic macrophyte species richness (IV). If different species mixtures of aquatic
macrophytes sustain different dragonfly species assemblages, it may be that
regional homogenization of macrophyte species composition may homogenize
also the dragonfly species composition. Indeed, nitrogen deposit is recognized
as one of the major threats to biodiversity (Sala et al. 2000) and its effects may
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interact with the effects of climate change on freshwater diversity (Heino et al.
2009). To conclude, revealing the mechanistic basis of SER could help to predict
the consequences of climate change and other anthropogenic disturbance.

5.3 Species richness and conservation

Species richness is an intuitive measure of biodiversity and protecting maximal
species richness is a common conservation target. Consequently, sites with
higher number of species are often considered more valuable than species poor
sites. The fact that common species have a greater effect on observed species
richness patterns than rare ones (I, IV, Jetz and Rahbek 2002, Lennon et al. 2004,
Sizling et al. 2009) have thus interesting practical implications. In the regions
where accurate data on species distributions are not available, more accurate
prediction of the species richness patterns could be made on the basis of
distributions of common rather than that of rare species (Lennon et al. 2004).
Further, if only a handful of the common species drive the spatial variation in
species richness (IV), the variation could be predicted based on data of a few
species. However, if common species drive species richness patterns selecting
sites for protection based on their species richness does not necessarily provide
a network of sites that would effectively cover the rare species that often are the
ones considered to be in need of special conservation attention. Hence, there
may be a trade-off between selecting sites in the basis of occurrence of rare
species or species richness (Arthur et al. 2004, Juutinen and Monkkonen 2007;
but see Berg and Tjernberg 1996). This poses a rather value-laden problem
whether to protect species richness (i.e. common species and compositional
integrity) or rare species?

Although common species have received considerably less attention
compared to rare ones they form an essential part of ecosystems: by definition
they build up much of the structure and biomass. Moreover, the importance of
common species for ecosystem functioning is likely to be large, although few
experiments have explicitly tested that (Gaston 2010). Recently, also common
species have been experiencing marked declines (Gaston 2010). Thus, it may be
both logically invalid and unethical to state that common species do not need
conservation. On the other hand, some common species are exotic invaders that
may have destructive effects on the rest of biodiversity. In addition, some
generalist species may increase in numbers whilst replacing more specialized
species, as exemplified by the homogenizing effects of climate change on
biodiversity.

Although being intuitive and simple measure of biodiversity species
richness has several problems (Magurran 2004), especially when used for
conservation purposes (Fleishman et al. 2006). Species richness as such does not
provide any information on species identity or the functional roles of individual
species in ecosystem processes. It may be best used in combination with other
information on, for example, composition, function and endemism of species
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(Fleishman et al. 2006). Then, selecting reserves for biodiversity maintenance
could be done by considering multiple goals, such as conserving species
richness and rare species, simultaneously (Arthur et al. 2004, Juutinen and
Monkkonen 2007). Such practice may reveal that these two goals may be
fulfilled at the same time in some cases (Arthur et al. 2004).
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YHTEENVETO (RESUME IN FINNISH)

Pinta-alan, energian ja elinympiristojen monimuotoisuuden suhde
lajimddraan

On ilmeistd, ettd maapallolla eldvit lajit eivit ole jakautuneet tasaisesti: toisilla
alueilla on enemmén lajeja kuin toisilla. Tutkijat ovat 1800-luvun alkupuolelta
ldhtien pohtineet syitd tdhédn ilmioon. Laajassa maantieteellisessd mittakaavassa
tarkasteltuna lajimé&&dran on havaittu pddasiallisesti olevan yhteydessd kolmeen
eri tekijidn: pinta-alaan, energiaan ja elinympdristéjen monimuotoisuuteen.
Kaikki ndma tekijat vaikuttavat useimmiten lajima&drdan positiivisesti: mitd
suuremmasta alueesta on kyse, mitdi enemmin se sisdltdd energiaa tai mitd
monimuotoisempi alue on, sitd enemman sielld on lajeja. Vaikka lajimadaran
suhdetta niin pinta-alaan, energiaan kuin elinymparistojen
monimuotoisuuteenkin on tutkittu paljon, on kuitenkin epdselvdd, mistd
esimerkiksi energian ja lajimddran vélinen positiivinen suhde johtuu. Taméin
sekd muiden lajimddrdan vaikuttavien mekanismien ymmaértdminen on
kuitenkin tdrkedd luonnonsuojelullisten tavoitteiden asettamisessa seka
toteuttamisessa. Viitoskirjatyossani tutkin lajimédédran vaihtelun yhteyttd edella
mainittuihin kolmeen tekijadn sekd mekanismeja tdmédn yhteyden takana.
Tutkimuskohteenani olivat Suomen metsédisten suojelualueiden linnut,
vesikasvit Itd-Suomen jdrvissd sekd Keski-Suomen pienten metsdlampien
sudenkorennot.

Suojelualueiden lintujen lajim&&rdd parhaiten selittavé tekija oli pinta-alan
tai elinympaéristjen monimuotoisuuden sijasta alueen sisédltdmé energia, toisin
sanoen tuottavuus. Suurempi lajimddrd hyvin tuottavilla alueilla johtui
suuremmasta lintuyksiloiden mddrdstd, ja perustui suurelta osin
satunnaisuuteen: mitd suurempi joukko yksiloitd poimitaan satunnaisesti, sitd
suurempi on todenndkoisyys, ettd ndmd valitut yksilot edustavat eri lajeja.
Taméd satunnaisuusmekanismi ei kuitenkaan selittanyt lintujen lajimadraa
taydellisesti. Alueen sisdltdimdn kokonaistuottavuuden lisiksi myos alueen
keskiméaardinen tuottavuus ja sen vaihtelu alueen sisélla lisdsivat lajimaarad. On
todenndkoistd, ettd keskimddrdisen tuottavuuden kasvaessa myos
elinympaéristdjen monimuotoisuus lisddntyy. Lisdksi jotkin lintulajit suosivat
hyvin matalatuottoisia ja jotkin korkeatuottoisia alueita. Ndin yhd useammalla
eri lintulajilla on mahdollisuus esiintyd alueella, jossa on korkea
keskiméddrdinen tuottavuus ja sen vaihtelu. Siten sekd energia ettd sen vaihtelu
lisdsivit lintujen lajimddrdd suojelualueilla. Tutkimuksestani kdvi myos ilmi,
ettd yhden ainoan lajiméddrdan vaikuttavan mekanismin sijasta tdllaisia
mekanismeja on useita, ja ne voivat toimia samanaikaisesti.

Myos vesikasvien lajimddrddan vaikuttivat useat eri tekijat: seka
suuremmilla ettd tuottavammilla jarvillda oli enemmain vesikasvilajeja kuin
pienemmilld tai vidhdtuottoisemmilla. Lisdksi myos veden kemialliset
ominaisuudet, kuten pH, alkaliniteetti ja sihkonjohtavuus, vaikuttivat suuresti
jarven vesikasvien lajim&ddrdan. Vaikka tuottavuus lisdsi lajimddrdd, sen suhde
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lajiston koostumukseen ei ollut yhtd yksinkertainen: matalan tuottavuuden
jarvet olivat toisiinsa verrattuna hyvin samankaltaisia kuten myos korkean
tuottavuuden jédrvet. Sen sijaan keskimadardisilld tuottavuuksilla eri jarvet olivat
lajistoltaan hyvinkin erilaisia. Tdstd seuraa, ettd vaikka ravinteiden padtyminen
vesistoihin voi lisdtd yksittdisten jdrvien tuottavuutta ja siten lajimddras,
lisdéntynyt tuottavuus voi koyhdyttdd lajiston monimuotoisuutta suuremmassa
maantieteellisessd mittakaavassa. Talld saattaa taas olla vaikutuksia
vesikasveista riippuvaisiin eliihin, kuten sudenkorentoihin.

Tutkimukseni mukaan sudenkorentojen lajimé&&drd riippuikin lammella
esiintyvien vesikasvien lajitiheydestd, ei niinkddn lammen koosta tai
tuottavuudesta. Vaikka sudenkorennot ovat kaikissa elinkierron vaiheissaan
petoja eivdtkd siis syo kasveja, ne kayttavét vesikasvillisuutta moniin eri
tarkoituksiin. Vesikasvien lajiméddrdd voidaankin pitdd sudenkorennoille
elinympaéristjen monimuotoisuutena. Havaitsin my0s, ettd vain muutaman
lajin positiivinen vaste vesikasveihin aiheutti lajimddrdan ja vesikasvien
lajittheyden vilisen positiivisen korrelaation. Namad lajit olivat kohtuullisen
yleisid, kun taas harvinaisten lajien esiintyminen oli hyvin satunnaista. Siten
lammella havaittava sudenkorentojen kokonaislajimédrd ei vélttamattd kerro
luotettavasti harvinaisten lajien maddrastd, kuten usein oletetaan.

Yhteenvetona voidaan todeta, ettd useat eri tekijdt ja mekanismit voivat
samanaikaisesti vaikuttaa tietylld alueella havaittavaan lajim&&drdan.
Viitoskirjani tulokset valottavat erilaisia ldhestymistapoja tutkia lajimdardd
tuottavia mekanismeja, ja ne myos osaltaan auttavat muodostamaan yhd
realistisempaa kuvaa niistd tekijoistd ja mekanismeista, jotka vaikuttavat
lajimé&é&rdan. Thmisen toiminta on vaikuttanut ja tulee ldhitulevaisuudessa yhd
voimakkaammin vaikuttamaan maank&dyton muutosten ja ilmastonmuutoksen
myotd niin  lajien kédytettdvissd olevaan pinta-alaan, energiaan kuin
elinympdéristéjen monimuotoisuuteenkin. On siis erittdin todennakoistd, ettd
ndiden muutosten seurauksena my0Os lajimddrdssd tapahtuu muutoksia.
Tuloksillani on siten erityisesti my6s luonnonsuojelubiologisia sovelluksia.



37

REFERENCES

Abrams P.A. 1995. Monotonic or unimodal diversity productivity gradients:
what does competition theory predict? Ecology 76: 2019-2027.

Allen AP., Brown J.H. & Gillooly J.F. 2002. Global biodiversity, biochemical
kinetics, and the energetic-equivalence rule. Sciernice 297: 1545-1548.

Allen A.P., Gillooly J.F. & Brown J.H. 2007. Recasting the species-energy
hypothesis: the different roles of kinetic and potential energy in regulating
biodiversity. In: Storch D., Marquet P.A. & Brown J.H. (eds.), Scaling
biodiversity, Cambridge University Press, pp. 283-299.

Allen A.P., Gillooly J.F., Savage V.M. & Brown J.H. 2006. Kinetic effects of
temperature on rates of genetic divergence and speciation. Proc Natl Acad
Sci U S A 103: 9130-9135.

Angelstam P. & Andersson L. 2001. Estimates of the needs for forest reserves in
Sweden. Scand | For Res 3: 38-51.

Arrhenius O. 1921. Species and area. | Ecol 9: 95-99.

Arthur J.L., Camm ].D., Haight R.G., Montgomery C.A. & Polasky S. 2004.
Weighing conservation objectives: maximum expected coverage versus
endangered species protection. Ecol Appl 14: 1936-1945.

Bai Y., Wu J., Pan Q., Huang J., Wang Q., Li F., Buyantuyev A. & Han X. 2007.
Positive linear relationship between productivity and diversity: evidence
from the Eurasian Steppe. | Appl Ecol 44: 1023-1034.

Bendell B. & McNicol D. 1987. Fish predation, lake acidity and the composition
of aquatic insect assemblages. Hydrobiologia 150: 193-202.

Berg A. & Tjernberg M. 1996. Common and rare Swedish vertebrates -
distribution and habitat preferences. Biodivers Conserv 5: 101-128.

Bokma F. 2004. Why most birds are small - a macro-ecological approach to the
evolution of avian body size. PhD Thesis, Acta Universitatis Ouluensis
411.

Bonn A., Storch D. & Gaston K.J. 2004. Structure of the species-energy
relationship. Proc R Soc Lond, Ser B: Biol Sci 271: 1685-1691.

Brown J. 1981. Two decades of homage to Santa Rosalia: toward a general
theory of diversity. Am Zool 21: 877-888.

Buchwald R. 1992. Vegetation and dragonfly fauna - characteristics and
examples of biocenological field studies. Vegetatio 101: 99-107.

Burnham K.P. & Anderson D.R. 2002. Model selection and multimodel inference. A
practical information-theoretic approach. Springer Science + Business Media,
LLC, USA.

Carnicer J., Brotons L., Sol D. & de Caceres M. 2008. Random sampling,
abundance-extinction =~ dynamics and niche-filtering immigration
constraints explain the generation of species richness gradients. Global Ecol
Biogeogr 17: 352-362.



38

Chalcraft D.R., Williams J.W., Smith M.D. & Willig M.R. 2004. Scale dependence
in the species-richness-productivity relationship: the role of species
turnover. Ecology 85: 2701-2708.

Chalcraft D.R., Cox S.B., Clark C., Cleland E.E., Suding K.N., Weiher E. &
Pennington D. 2008. Scale-dependent responses of plant biodiversity to
nitrogen enrichment. Ecology 89: 2165-2171.

Chase J.M. 2007. Drought mediates the importance of stochastic community
assembly. Proc Natl Acad Sci U S A 104: 17430-17434.

Chase ].M. 2010. Stochastic community assembly causes higher biodiversity in
more productive environments. Science 328: 1388-1391.

Chase J.M. & Leibold M.A. 2002. Spatial scale dictates the productivity-
biodiversity relationship. Nature 416: 427-430.

Clarke A. 2007. Climate and diversity: the role of history. In: Storch D., Marquet
P.A. & Brown J.H. (eds.), Scaling biodiversity, Cambridge University Press,
Cambridge, pp. 225-245.

Clarke A. & Gaston K.J. 2006. Climate, energy and diversity. Proc R Soc Lond, Ser
B: Biol Sci 273: 2257-2266.

Connor E.F. & McCoy E.D. 1979. The statistics and biology of the species-area
relationship. Am Nat 113: 791-833.

Corbet P.S. 2004. Dragonflies: behaviour and ecology of Odonata (revised edition).
Harley Books, Colchester, UK.

Crowder L.B. & Cooper W.E. 1982. Habitat structural complexity and the
interaction between bluegills and their prey. Ecology 63: 1802-1813.

Currie D.J., Mittelbach G.G., Cornell H.V., Field R., Guegan J., Hawkins B.A,,
Kaufman D.M., Kerr ]J.T., Oberdorff T., O'Brien E. & Turner J.R.G. 2004.
Predictions and tests of climate-based hypotheses of broad-scale variation
in taxonomic richness. Ecol Lett 7: 1121-1134.

Devictor V., Julliard R., Couvet D. & Jiguet F. 2008. Birds are tracking climate
warming, but not fast enough. Proc R Soc Lond, Ser B: Biol Sci 275: 2743-
2748.

Dodson S.I., Arnott S.E. & Cottingham K.L. 2000. The relationship in lake
communities between primary productivity and species richness. Ecology
81: 2662-2679.

Donohue 1., Jackson A.L., Pusch M.T. & Irvine K. 2009. Nutrient enrichment
homogenizes lake benthic assemblages at local and regional scales. Ecology
90: 3470-3477.

Edvardsen, A. & Okland, R. H. 2006. Variation in plant species richness in and
adjacent to 64 ponds in SE Norwegian agricultural landscapes. Aquat Bot
85: 79-91.

Elser J.J., Bracken M.E.S,, Cleland E.E., Gruner D.S., Harpole W.S., Hillebrand
H., Ngai ].T., Seabloom E.W., Shurin J.B. & Smith J.E. 2007. Global analysis
of nitrogen and phosphorus limitation of primary producers in
freshwater, marine and terrestrial ecosystems. Ecol Lett 10: 1135-1142.

Eriksson M., Henrikson L., Nilsson B., Nyman G., Oscarson H., Stenson A. &
Larsson K. 1980. Predator-prey relations important for the biotic changes
in acidified lakes. Ambio 9: 248-249.



39

Evans K.L. & Gaston K.J. 2005. Can the evolutionary-rates hypothesis explain
species-energy relationships? Funct Ecol 19: 899-915.

Evans K.L., Greenwood J.J.D. & Gaston K.J. 2005a. Dissecting the species-energy
relationship. Proc R Soc Lond, Ser B: Biol Sci 272: 2155-2163.

Evans K.L., Greenwood J.J.D. & Gaston K.J. 2005b. Relative contribution of
abundant and rare species to species-energy relationships. Biol Lett 1: 87-
90.

Evans K.L., Greenwood J.J.D. & Gaston K.J. 2005c. The roles of extinction and
colonization in generating species-energy relationships. | Anim Ecol 74:
498-507.

Evans K.L., Warren P.H. & Gaston K.J. 2005d. Species-energy relationships at
the macroecological scale: a review of the mechanisms. Biol Rev Camb
Philos Soc 80: 1-25.

Evans K.L., Jackson S.F., Greenwood ].J.D. & Gaston K.J. 2006. Species traits and
the form of individual species-energy relationships. Proc R Soc Lond, Ser B:
Biol Sci 273:1779-1787.

Evans K.L., Newson S.E., Storch D., Greenwood ].J.D. & Gaston K.J. 2008.
Spatial scale, abundance and the species-energy relationship in British
birds. | Anim Ecol 77: 395-405.

Field R., Hawkins B.A., Cornell H.V., Currie D.]., Diniz-Filho ]J.A.F., Guégan J.,
Kaufman D.M., Kerr ].T., Mittelbach G.G., Oberdorff T., O'Brien EM. &
Turner J.R.G. 2009. Spatial species-richness gradients across scales: a meta-
analysis. | Biogeogr 36: 132-147.

Fischer A.G. 1960. Latitudinal variations in organic diversity. Evolution 14: 64-
81.

Fleishman E., Noss R.F. & Noon B.R. 2006. Utility and limitations of species
richness metrics for conservation planning. Ecol Ind 6: 543-553.

Francis A.P. & Currie D.J. 2003. A globally consistent richness-climate
relationship for angiosperms. Am Nat 161: 523-536.

Fretwell S.D. 1987. Food chain dynamics: the central theory of ecology? Oikos
50: 291-301.

Gardezi T. & Gonzalez A. 2008. Scale dependence of species-energy
relationships: evidence from fishes in thousands of lakes. Am Nat 171: 800-
815.

Gaston K.J., Evans K.L. & Lennon J.J. 2007. The scaling of spatial turnover:
pruning the thicket. In: Storch D.J., Marquet P.A. & Brown J.H. (eds.),
Scaling biodiversity, Cambridge University Press, Cambridge, pp. 181-222.

Gaston K.J. 2010. Valuing common species. Science 327: 154-155.

Gilinsky E. 1984. The role of fish predation and spatial heterogeneity in
determining benthic community structure. Ecology 65: 455-468.

Gillman L.N. & Wright S.D. 2006. The influence of productivity on the species
richness of plants: a critical assessment. Ecology 87: 1234-1243.

Gilpin M.E. & Diamond ].M. 1980. Subdivision of nature reserves and the
maintenance of species-diversity. Nature 285: 567-568.

Gleason H.A. 1922. On the relation between species and area. Ecology 3: 158-162.



40

Gould S.J. 1979. Allometric interpretation of species-area curves - meaning of
the coefficient. Am Nat 114: 335-343.

Gregory R. & Gaston K. 2000. Explanations of commonness and rarity in British
breeding birds: separating resource use and resource availability. Oikos 88:
515-526.

Hanski 1. 2000. Extinction dept and species credit in boreal forests: modelling
the consequences of different approaches to biodiversity conservation.
Ann Zool Fennici 37: 271-280.

Harrison S., Davies K.F., Safford H.D. & Viers ]J.H. 2006. Beta diversity and the
scale-dependence of the productivity-diversity relationship: a test in the
Californian serpentine flora. | Ecol 94: 110-117.

Hautier Y., Niklaus P.A. & Hector A. 2009. Competition for light causes plant
biodiversity loss after eutrophication. Science 324: 636-638.

Hawkins B.A. 2001. Ecology's oldest pattern? Trends Ecol Evol 25: 133-134.

Hawkins B.A., Porter E.E. & Diniz-Filho ]J.A.F. 2003a. Productivity and history
as predictors of the latitudinal diversity gradient of terrestrial birds.
Ecology 84: 1608-1623.

Hawkins B.A., Field R., Cornell H.V., Currie D.J., Guegan ], Kaufman D.M,,
Kerr J.T., Mittelbach G.G., Oberdorff T., O'Brien E.M., Porter E.E. & Turner
J.R.G. 2003b. Energy, water, and broad-scale geographic patterns of
species richness. Ecology 84: 3105-3117.

He F.L. & Legendre P. 1996. On species-area relations. Am Nat 148: 719-737.

He K. & Zhang J. 2009. Testing the correlation between beta diversity and
differences in productivity among global ecoregions, biomes, and
biogeographical realms. Ecol Inform 4: 93-98.

Heino ]. 2002. Concordance of species richness patterns among multiple
freshwater taxa: a regional perspective. Biodivers Conserv 11: 137-147.

Heino J. & Toivonen H. 2008. Aquatic plant biodiversity at high latitudes:
patterns of richness and rarity in Finnish freshwater macrophytes. Boreal
Environ Res 13: 1-14.

Heino J., Virkkala R. & Toivonen H. 2009. Climate change and frehwater
biodiversity: detected patterns, future trends and adaptations in northern
regions. Biol Rev 84: 39-54.

Higgs A.]. & Usher M.B. 1980. Should nature reserves be large or small. Nature
285: 568-569.

Hillebrand H. 2004. On the generality of the latitudinal diversity gradient. Am
Nat 163: 192-211.

Hubbell S.P. 2001. The unified neutral theory of biodiversity and biogeography.
Princeton Monographs in Population Biology, Princeton University Press,
Princeton, New Jersey.

Hurlbert A.H. 2004. Species-energy relationships and habitat complexity in bird
communities. Ecol Lett 7: 714-720.

Hurlbert A.H. 2006. Linking species-area and species-energy relationships in
Drosophila microcosms. Ecol Lett 9: 287-294.



41

Hurlbert AH. & Jetz W. 2010. More than "more individuals": the
nonequivalence of area and energy in the scaling of species richness. Am
Nat 176: E50-E56.

Huston M. 1979. General hypothesis of species-diversity. Am Nat 113: 81-101.

Huston M.A. & Deangelis D.L. 1994. Competition and coexistence - the effects
of resource transport and supply rates. Am Nat 144: 954-977.

Hutchinson G.E. 1959. Homage to Santa-Rosalia or why are there so many
kinds of animals. Am Nat 93: 145-159.

IPCC 2007. Synthesis report. Contribution of working groups I, 1I and III to the fourth
assessment report of the Intergovernmental Panel on Climate Change. Core
Writing Team, Pachauri, RK and Reisinger, A. (eds.) IPCC, Geneva,
Switzerland. 104 pp.

Jarvinen O. & Viisdnen R.A. 1975. Estimating relative densities of breeding
birds by line transect method. Oikos 26: 316-322.

Jeppesen E., Jensen J.P., Sondergaard M., Lauridsen T. & Landkildehus F. 2000.
Trophic structure, species richness and biodiversity in Danish lakes:
changes along a phosphorus gradient. Freshwat Biol 45: 201-218.

Jetz W. & Rahbek C. 2002. Geographic range size and determinants of avian
species richness. Science 297: 1548-1551.

Johansson F. & Brodin T. 2003. Effects of fish predators and abiotic factors on
dragonfly community structure. | Freshwat Ecol 18: 415-423.

Johansson F., Englund G., Brodin T. & Gardfjell H. 2006. Species abundance
models and patterns in dragonfly communities: effects of fish predators.
Otkos 114: 27-36.

Juutinen A. & Monkkonen M. 2007. Alternative targets and economic efficiency
of selecting protected areas for biodiversity conservation in boreal forest.
Environ Resour Econ 37: 713-732.

Kallimanis A.S., Mazaris A.D., Tzanopoulos J., Halley J. M., Pantis ].D. &
Sgardelis S.P. 2008. How does habitat diversity affect the species-area
relationship? Global Ecol Biogeogr 17: 532-538.

Kalmar A. & Currie D.J. 2006. A global model of island biogeography. Global
Ecol Biogeogr 15: 72-81.

Kaspari M., O'Donnell S. & Kercher J.R. 2000. Energy, density, and constraints
to species richness: ant assemblages along a productivity gradient. Am Nat
155: 280-293.

Keil P., Simova I. & Hawkins B.A. 2008. Water-energy and the geographical
species richness pattern of European and North African dragonflies
(Odonata). Insect Cons Div 1: 142-150.

Kellomiki S., Peltola H., Nuutinen T., Korhonen K.T. & Strandman H. 2008.
Sensitivity of managed boreal forests in Finland to climate change, with
implications for adaptive management. Philos Trans R Soc Lond, Ser B: Biol
Sci 363: 2341-2351.

Kerr ].T., Kharouba H.M. & Currie D.J. 2007. The macroecological contribution
to global change solutions. Science 316: 1581-1584.



42

Kissling W.D., Field R. & Bohning-Gaese K. 2008. Spatial patterns of woody
plant and bird diversity: functional relationships or environmental effects?
Global Ecol Biogeogr 17: 327-339.

Kreft H. & Jetz W. 2007. Global patterns and determinants of vascular plant
diversity. Proc Natl Acad Sci U S A 104: 5925-5930.

Kuoppala M., Hellsten S. & Kanninen A. 2008. Sisdvesien vesikasviseurantojen
laadunvarmennus [Development of quality control in aquatic macrophyte
monitoring]. Finnish Environment 36. Finnish Environment Institute,
Ministry of the Environment, Helsinki, Finland. [In Finnish with English
summary].

La Sorte F.A. & Jetz W. 2010. Avian distributions under climate change: towards
improved projections. | Exp Biol 213: 862-869.

Lacoul, P. & Freedman, B. 2006. Environmental influences on aquatic plants in
freshwater ecosystems. Env Rev 14: 89-136.

Legendre P. & Legendre L. 1998. Numerical ecology. Elsevier Science,
Amsterdam.

Lennon J.J.,, Greenwood J.J.D. & Turner J.R.G. 2000. Bird diversity and
environmental gradients in Britain: a test of the species-energy hypothesis.
J Anim Ecol 69: 581-598.

Lennon J.J., Koleff P., Greenwood ].J. & Gaston K.J. 2004. Contribution of rarity
and commonness to patterns of species richness. Ecol Lett 7: 81-87.

Lewis O.T. 2006. Climate change, species-area curves and the extinction crisis.
Philos Trans R Soc Lond, Ser B: Biol Sci 361: 163-171.

Lomolino M.V. 1989. Interpretations and comparisons of constants in the
species-area relationship - an additional caution. Am Nat 133: 277-280.
Lomolino M.V. 2000. Ecology's most general, yet protean pattern: the species-

area relationship. | Biogeogr 27: 17-26.

MacArthur RH. & Wilson E.O. 1963. Equilibrium-theory of insular
zoogeography. Evolution 17: 373-387.

MacArthur R.H. & Wilson E.O. 1967. The theory of island biogeography. Princeton
University Press, Princeton.

MacKenzie D.I., Nichols ].D., Lachman G.B., Droege S., Royle J.A. & Langtimm
C.A. 2002. Estimating site occupancy rates when detection probabilities
are less than one. Ecology 83: 2248-2255.

MacKenzie D.I., Nichols ]J.D., Royle J.A., Pollock K.H., Bailey L.L. & Hines ].E.
2006. Occupancy estimation and modelling. Elsevier, Amsterdam,
Netherlands.

Magurran A.E. 2004. Measuring biological diversity. Blackwell Publishing,
Oxford.

Marquet P.A., Fernandez M., Navarrete S.A. & Valdovinos C. 2004. Diversity
emerging: toward a deconstruction of biodiversity patterns. In: Lomolino
M.V. & Heaney L.R. (eds.), Frontiers of biogeography: new directions in the
geography of nature, Sinauer Associates, Sunderland, MA, pp. 191-209.

Martin T.E. 1981. Species-area slopes and coefficients - a caution on their
interpretation. Am Nat 118: 823-837.



43

Mason N.W., Irz P., Lanoiselee C., Mouillot D. & Argillier C. 2008. Evidence
that niche specialization explains species-energy relationships in lake fish
communities. | Anim Ecol 77: 285-296.

McGlynn T.P., Weiser M.D. & Dunn R.R. 2010. More individuals but fewer
species: testing the 'more individuals hypothesis' in a diverse tropical
fauna. Biol Lett . Published online 3 March 2010.

McPeek M. 1990. Determination of species composition in the Enallagma
damselfly assemblages of permanent lakes. Ecology 71: 83-98.

Mittelbach G.G., Scheiner SM. & Steiner C.F. 2003. What is the observed
relationship between species richness and productivity? Reply. Ecology 84:
3390-3395.

Mittelbach G.G., Steiner C.F., Scheiner S.M., Gross K.L., Reynolds H.L., Waide
R.B., Willig M.R., Dodson S.I. & Gough L. 2001. What is the observed
relationship between species richness and productivity? Ecology 82: 2381-
2396.

Mittelbach G.G., Schemske D.W., Cornell H.V., Allen A.P., Brown ].M., Bush
M.B., Harrison S.P., Hurlbert A.H., Knowlton N., Lessios H.A., McCain
C.M., McCune A.R., McDade L.A., McPeek M.A., Near T.]J., Price T.D.,
Ricklefs R.E., Roy K., Sax D.F., Schluter D., Sobel ].M. & Turelli M. 2007.
Evolution and the latitudinal diversity gradient: speciation, extinction and
biogeography. Ecol Lett 10: 315-331.

Monkkoénen M., Forsman J.T. & Bokma F. 2006. Energy availability, abundance,
energy-use and species richness in forest bird communities: a test of the
species-energy theory. Global Ecol Biogeogr 15: 290-302.

Nilsson C. & Gotmark F. 1992. Protected areas in Sweden: is natural variety
adequately represented? Conserv Biol 6: 232-242.

Oertli B., Joye D.A., Castella E., Juge R., Cambin D. & Lachavanne J.-B. 2002.
Does size matter? The relationship between pond area and biodiversity.
Biol Conserv 104: 59-70.

Oksanen L., Fretwell S.D., Arruda J. & Niemeld P. 1981. Exploitation ecosystems
in gradients of primary productivity. Am Nat 118: 240-261.

Paine R.T. 1966. Food web complexity and species diversity. Am Nat 100: 65-75.

Parmesan C. & Yohe G. 2003. A globally coherent fingerprint of climate change
impacts across natural systems. Nature 421: 37-42.

Pértel M., Laanisto L. & Zobel M. 2007. Contrasting plant productivity-diversity
relationships across latitude: the role of evolutionary history. Ecology 88:
1091-1097.

Peters, R.H. (1986) The ecological implications of body size. Cambridge University
Press, Cambridge, New York.

Pianka E.R. 1966. Latitudinal gradients in species diversity: a review of
concepts. Am Nat 100: 33-46.

Pimm S.L. & Askins R.A. 1995. Forest losses predict bird extinctions in eastern
North America. Proc Natl Acad Sci U S A 92: 9343-9347.

Prendergast J.R., Quinn R.M., Lawton J.H., Eversham B.C., & Gibbons D.W.
1993. Rare species, the coincidence of diversity hotspots and conservation
strategies. Nature 365: 335-337.



44

Pressey R.L. 1994. Ad hoc reservations: forward or backward steps in
developing representative reserve systems? Conserv Biol 8: 662-668.

Preston F.W. 1962a. Canonical distribution of commonness and rarity 1. Ecology
43:185-215.

Preston F.W. 1962b. Canonical distribution of commonness and rarity 2. Ecology
43: 410-432.

R Development Core Team 2010. R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria.

Rahbek C. 2005. The role of spatial scale and the perception of large-scale
species-richness patterns. Ecol Lett 8: 224-239.

Rangel T.F.L.V.B., Diniz-Filho J.A.F. & Bini L.M. 2006. Towards an integrated
computational tool for spatial analysis in macroecology and
biogeography. Global Ecol Biogeogr 15: 321-327.

Ricklefs R.E. & Lovette L.J. 1999. The roles of island area per se and habitat
diversity in the species-area relationships of four Lesser Antillean faunal
groups. | Anim Ecol 68: 1142-1160.

Rohde K. 1992. Latitudinal gradients in species-diversity - the search for the
primary cause. Oikos 65: 514-527.

Root T.L., Price J.T., Hall K.R., Schneider S.H., Rosenzweig C. & Pounds ].A.
2003. Fingerprints of global warming on wild animals and plants. Nature
421: 57-60.

Rorslett B. 1991. Principal determinants of aquatic macrophyte richness in
northern European lakes. Aquat Bot 39: 173-193.

Rosenzweig M.L. 1995. Species diversity in space and time. Cambridge University
Press, Cambridge.

Rosenzweig M.L. 2004. Applying species-area relationships to the conservation
of diversity. In: Lomolino M.V. & Heaney L.R. (eds.), Frontiers of
biogeography: new directions in the geography of nature, Sinauer Associate Inc.,
Sunderland, pp. 325-343.

Sahlén G. 1999. The impact of forestry on dragonfly diversity in Central
Sweden. Int | Odonatolog 2: 177-186.

Sahlén G. 2006. Specialists vs. generalists among dragonflies - the importance of
forest environments in the formation of diverse species pools. In: Cordero
Rivera A. (ed.), Forests and dragonflies, Pensoft, Sofia, pp. 153-180.

Sala O.E., Chapin F.S., Armesto J.J., Berlow E., Bloomfield ]., Dirzo R., Huber-
Sanwald E., Huenneke L.F., Jackson R.B., Kinzig A., Leemans R., Lodge
D.M., Mooney H.A., Oesterheld M., Poff N.L., Sykes M.T., Walker B.H.,
Walker M. & Wall D.H. 2000. Global biodiversity scenarios for the year
2100. Science 287:1770-1774.

éizling AL, éizlingové E., Storch D., Reif ]. & Gaston K.J. 2009. Rarity,
commonness, and the contribution of individual species to species
richness patterns. Am Nat 174: 82-93.

Srivastava D.S. & Lawton J.H. 1998. Why more productive sites have more
species: an experimental test of theory using tree-hole communities. Am
Nat 152: 510-529.



45

Stegen ].C., Enquist B.J. & Ferriere R. 2009. Advancing the metabolic theory of
biodiversity. Ecol Lett 12: 1001-1015.

Stekland J.N. 1997. Representativeness and efficiency of bird and insect
conservation in Norwegian boreal forest reserves. Conserv Biol 11: 101-111.

Storch D., Evans K.L. & Gaston K.J. 2005. The species-area-energy relationship.
Ecol Lett 8: 487-492.

Storch D.J., Sizling A.L. & Gaston K.J. 2007. Scaling species richness and
distribution: uniting the species-area and species-energy relationships. In:
Storch D.J., Marquet P.A. & Brown J.H. (eds.), Scaling biodiversity,
Cambridge University Press, Cambridge, pp. 300-321.

Terribile L.C., Diniz-Filho J.A.F., Rodriguez M.A. & Rangel T.F.L.V.B. 2009.
Richness patterns, species distributions and the principle of extreme
deconstruction. Global Ecol Biogeogr 18: 123-136.

Tews J., Brose U., Grimm V., Tielboerger K., Wichmann M.C., Schwager M. &
Jeltsch F. 2004. Animal species diversity driven by habitat
heterogeneity/diversity: the importance of keystone structures. | Biogeogr
31: 79-92.

Thomas C.D., Cameron A. Green R.E. Bakkenes M. Beaumont L.]J.,
Collingham Y.C., Erasmus B.F.N., Siqueira M.F.D., Grainger A., Hannah
L., Hughes L., Huntley B., Jaarsveld A.S.V., Midgley G.F., Miles L., Ortega-
Huerta M.A., Peterson A.T., Phillips O.L. & Williams S.E. 2004. Extinction
risk from climate change. Nature 427: 145-148.

Toivonen H. & Huttunen P. 1995. Aquatic macrophytes and ecological
gradients in 57 small lakes in southern Finland. Aquat Bot 51: 197-221.
Tuomisto H. 2010a. A diversity of beta diversities: straightening up a concept
gone awry. Part 1. Defining beta diversity as a function of alpha and

gamma diversity. Ecography 33: 2-22.

Tuomisto H. 2010b. A diversity of beta diversities: straightening up a concept
gone awry. Part 2. Quantifying beta diversity and related phenomena.
Ecography 33: 23-45.

Vestergaard O. & Sand-Jensen K. 2000. Aquatic macrophyte richness in Danish
lakes in relation to alkalinity, transparency, and lake area. Can | Fish Aquat
Sci 57: 2022-2031.

Virkkala R. 1996. Metsien suojelualueverkon rakenne ja kehittdmistarpeet
[Reserve network of forests in Finland and the need for developing the
network - an ecological approach]. Finnish Environment 16. Finnish
Environment Institute, Ministry of the Environment, Helsinki, Finland. [In
Finnish with English summary].

Virkkala R., Heikkinen R.K., Leikola N. & Luoto M. 2008. Projected large-scale
range reductions of northern-boreal land bird species due to climate
change. Biol Conserv 141: 1343-1353.

Virkkala R., Rajasdrkkd A., Vdisdnen R.A., Vickholm M. & Virolainen E. 1994.
The significance of protected areas for the land birds of southern Finland.
Conserv Biol 8: 532-544.



46

Waide R.B., Willig M.R., Steiner C.F., Mittelbach G., Gough L., Dodson S.I,
Juday G.P. & Parmenter R. 1999. The relationship between productivity
and species richness. Annu Rev Ecol Syst 30:257-300.

Whittaker R.H. 1960. Vegetation of the Siskiyou Mountains, Oregon and
California. Ecol Monogr 30: 279-338.

Whittaker R.J. 2010. Meta-analyses and mega-mistakes: calling time on meta-
analysis of the species richness-productivity relationship. Ecology 91: 2522-
2533.

Whittaker R.J. & Heegaard E. 2003. What is the observed relationship between
species richness and productivity? Comment. Ecology 84: 3384-3390.

Whittaker R.J., Nogues-Bravo D. & Araujo M.B. 2007. Geographical gradients of
species richness: a test of the water-energy conjecture of Hawkins et al.
(2003) using European data for five taxa. Global Ecol Biogeogr 16: 76-89.

Whittaker R.J., Willis K.J. & Field R. 2001. Scale and species richness: towards a
general, hierarchical theory of species diversity. | Biogeogr 28: 453-470.

Willson M.F. 1974. Avian community organization and habitat structure.
Ecology 55: 1017-1029.

Wittwer T., Sahlén G. & Suhling F. 2010. Does one community shape the other?
Dragonflies and fish in Swedish lakes. Insect Conserv Div 3: 124-133.

Wright D.H. 1983. Species-energy theory: an extension of species-area theory.
Oikos 41: 496-506.



RAATIKAINEN, M. & VASARAINEN, A., Damage
caused by timothy flies (Amaurosoma spp.)
in Finland, pp. 3-8.

SARKKA, J., The numbers of Tubifex tubifex and
its cocoons in relation to the mesh size,

pp. 9-13.

ELORANTA, P. & ELORANTA, A., Keurusseldn
kalastosta ja sen rakenteesta. - On the fish
fauna of Lake Keurusselkd, Finnish Lake
District, pp. 14-29.

ELORANTA, P. & ELORANTA, A., Kuusveden veden
laadusta, kasviplanktonista ja kalastosta. - On
the properties of water, phytoplankton and
fish fauna of Lake Kuusvesi, Central Finland,
pp. 30-47. 47 p. 1975.

ELoraNTA, V., Effects of different process
wastes and main sewer effluents from pulp
mills on the growth and production of
Ankistrodesmus falcatus var. acicularis
(Chlorophyta), pp. 3-33.

ELORANTA, P. & KunNas, S., A comparison of
littoral periphyton in some lakes of Central
Finland, pp. 34-50.

ELORANTA, P., Phytoplankton and primary
production in situ in the lakes Jyvisjarvi and
North Paijanne in summer 1974, pp. 51-66.
66 p. 1976.

RAATIKAINEN, M., HALKKA, O., VASARAINEN, A. &
HaLkka, L., Abundance of Philaenus
spumarius in relation to types of plant
community in the Tvdrminne archipelago,
southern Finland. 38 p. 1977

Hakkari, L., On the productivity and ecology
of zooplankton and its role as food for fish in
some lakes in Central Finland. 87 p. 1978.
KAryLA, M., Bionomics of five woodnesting
solitary species of bees (Hym., Megachilidae),
with emphasis on flower relationships. 89 p.
1978.

KANKAALA, P. & Saari, V., The vascular flora of
the Vaarunvuoret hills and its conservation,
pp. 3-62.

TorMALA, T. & KovaneN, J., Growth and ageing
of magpie (Pica pica L.) nestlings, pp. 63-77.
77 p. 1979.

ViraLa, J., Hair growth patterns in the vole
Clethrionomys rufocanus (Sund.), pp. 3-17.
Niemi, R. & Hunrta, V., Oribatid communities in
artificial soil made of sewage sludge and
crushed bark, pp. 18-30. 30 p. 1981.

TorMALA, T., Structure and dynamics of
reserved field ecosystem in central Finland.
58 p. 1981.

ELORANTA, V. & Kuvasniemr, K., Acute toxicity
of two herbicides, glyphosate and 2,4-D, to
Selenastrum capricornuturn Printz
(Chlorophyta), pp. 3-18.

ELORANTA, P. & KunNas, S., Periphyton
accumulation and diatom communities on
artificial substrates in recipients of pulp mill
effluents, pp. 19-33.

ELORANTA, P. & MARjA-AHO, ]., Transect studies
on the aquatic inacrophyte vegetation of Lake
Saimaa in 1980, pp. 35-65. 65 p. 1982.

BIOLOGICAL RESEARCH REPORTS FROM

10
11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

THE UNIVERSITY OF JYVASKYLA

LAKE PAJANNE SymprostuM. 199 p. 1987.

SaAR], V. & OHENOJA, E., A check-list of the
larger fungi of Central Finland. 74 p. 1988.
KojoLa, 1., Maternal investment in semi-
domesticated reindeer (Rangifer t. tarandus
L.). 26 p. Yhteenveto 2 p. 1989.

MERILAINEN, J. ], Impact of an acid, polyhumic
river on estuarine zoobenthos and vegetation
in the Baltic Sea, Finland. 48 p. Yhteenveto 2 p.
1989.

LummE, I, On the clone selection, ectomy-
corrhizal inoculation of short-rotation will-
ows (Salix spp.) and on the effects of some
nutrients sources on soil properties and

plant nutrition. 55 p. Yhteenveto 3 p. 1989.
Kurtunen, M., Food, space and time constraints
on reproduction in the common treecreeper
(Certhia familiaris L.) 22 p. Yhteenveto 2 p.
1989.

YLoNEN, H., Temporal variation of behavioural
and demographical processes in cyclic
Clethrionomys populations. 35 p. Yhteenveto
2 p. 1989.

MIKKONEN, A., Occurrence and properties of
proteolytic enzymes in germinating legume
seeds. 61 p. Yhteenveto 1 p. 1990.
KavuLanen, H., Effects of chronic exercise and
ageing on regional energy metabolism in heart
muscle. 76 p. Yhteenveto 1 p. 1990.

Lakso, MERjA, Sex-specific mouse testosterone
16 “-hydroxylase (cytochrome P450) genes:
characterization and genetic and hormonal
regulations. 70 p. Yhteenveto 1 p. 1990.
SETALA, HEIKK1, Effects of soil fauna on
decomposition and nutrient dynamics in
coniferous forest soil. 56 p. Yhteenveto 2 p.
1990.

NARVANEN, ALE, Synthetic peptides as probes
for protein interactions and as antigenic
epitopes. 90 p. Yhteenveto 2 p. 1990.
EcoToxicoLOGY SEMINAR, 115 p. 1991.

Rossi, Esko, An index method for
environmental risk assessment in wood
processing industry. 117 p. Yhteenveto 2 p.
1991.

SUHONEN, Jukka, Predation risk and
competition in mixed species tit flocks. 29 p.
Yhteenveto 2 p. 1991.

SUOMEN MUUTTUVA LUONTO. Mikko Raatikaiselle
omistettu juhlakirja. 185 p. 1992.

Koskivaara, Marl, Monogeneans and other
parasites on the gills of roach (Rutilus rutilus)
in Central Finland. Differences between four
lakes and the nature of dactylogyrid
communities. 30 p. Yhteenveto 2 p. 1992.
TasKINEN, Jount, On the ecology of two
Rhipidocotyle species (Digenea:
Bucephalidae) from two Finnish lakes. 31 p.
Yhteenveto 2 p.1992.

HuoviLa, Ari, Assembly of hepatitis B surface
antigen. 73 p. Yhteenveto 1 p. 1992.

SALONEN, VEIKKO, Plant colonization of
harvested peat surfaces. 29 p. Yhteenveto 2 p.
1992.



BIOLOGICAL RESEARCH REPORTS FROM THE UNIVERSITY OF JYVASKYLA

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

JokINEN, ILMARI, Immunoglobulin production
by cultured lymphocytes of patients with
rheumatoid arthritis: association with disease
severity. 78 p. Yhteenveto 2 p. 1992.
PunNONEN, EEva-Lisa, Ultrastructural studies
on cellular autophagy. Structure of limiting
membranes and route of enzyme delivery.

77 p. Yhteenveto 2 p. 1993.

Hawv, Jari, Effects of earthworms on soil
processes in coniferous forest soil. 35 p.
Yhteenveto 2 p.1993.

ZHA0, GUOCHANG, Ultraviolet radiation induced
oxidative stress in cultured human skin
fibroblasts and antioxidant protection. 86 p.
Yhteenveto 1 p. 1993.

RATT1, Osmo, Polyterritorial polygyny in the
pied flycatcher. 31 p. Yhteenveto 2 p. 1993.
MarjomAkl, Varru, Endosomes and lysosomes
in cardiomyocytes. A study on morphology
and function. 64 p. Yhteenveto 1 p. 1993.
KHLsTROM, MARKKU, Myocardial antioxidant
enzyme systems in physical exercise and
tissue damage. 99 p. Yhteenveto 2 p. 1994.
Muotka, Timo, Patterns in northern stream
guilds and communities. 24 p. Yhteenveto

2 p. 1994.

EFFECT OF FERTILIZATION ON FOREST ECOSYSTEM 218
p- 1994.

KERVINEN, Jukka, Occurrence, catalytic
properties, intracellular localization and
structure of barley aspartic proteinase.

65 p. Yhteenveto 1 p. 1994.

MaPpPES, JOHANNA, Maternal care and
reproductive tactics in shield bugs. 30 p.
Yhteenveto 3 p. 1994.

S1KAMAKI, PIRKKO, Determinants of clutch-size
and reproductive success in the pied
flycatcher. 35 p. Yhteenveto 2 p. 1995.
Marres, Tario, Breeding tactics and
reproductive success in the bank vole. 28 p.
Yhteenveto 3 p. 1995.

LAITINEN, MARKKU, Biomonitoring of
theresponses of fish to environmental stress.
39 p. Yhteenveto 2 p. 1995.

LappALAINEN, PEKKA, The dinuclear Cu centre of
cytochrome oxidase. 52 p. Yhteenveto 1 p.
1995.

RiNTAMAKI, PEKKA, Male mating success and
female choice in the lekking black grouse. 23 p.
Yhteenveto 2 p. 1995.

SuuroNEN, TiNa, The relationship of oxidative
and glycolytic capacity of longissimus dorsi
muscle to meat quality when different pig
breeds and crossbreeds are compared. 112 p.
Yhteenveto 2 p. 1995.

Koskennieml, Esa, The ecological succession
and characteristics in small Finnish
polyhumic reservoirs. 36 p. Yhteenveto 1 p.
1995.

Hovi, MatTi, The lek mating system in the
black grouse: the role of sexual selection. 30 p.
Yhteenveto 1 p. 1995.
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MARTTILA, SALLA, Differential expression of
aspartic and cycteine proteinases, glutamine
synthetase, and a stress protein, HVA1, in
germinating barley. 54 p. Yhteenveto 1 p. 1996
Hunra, Esa, Effects of forest fragmentation on
reproductive success of birds in boreal forests.
26 p. Yhteenveto 2 p. 1996.

OjaLa, JoHANNA, Muscle cell differentiation in
vitro and effects of antisense oligode-
oxyribonucleotides on gene expression of
contractile proteins. 157 p. Yhteenveto 2
p-1996.

PaLomAki, Risto, Biomass and diversity of
macrozoobenthos in the lake littoral in
relation to environmental characteristics. 27 p.
Yhteenveto 2 p. 1996.

Pusentus, Jyrki, Intraspecific interactions, space
use and reproductive success in the field vole.
28 p. Yhteenveto 2 p. 1996.

SALMINEN, JANNE, Effects of harmful chemicals
on soil animal communities and
decomposition. 28 p. Yhteenveto 2 p. 1996.
KoTiaHo, JaANNE, Sexual selection and costs of
sexual signalling in a wolf spider. 25 p. (96 p.).
Yhteenveto 2 p. 1997.

KoskeLa, Juna, Feed intake and growth
variability in Salmonids. 27p. (108 p.).
Yhteenveto 2 p. 1997.

NaARALA, JONNE, Studies in the mechanisms of
lead neurotoxicity and oxidative stress in
human neuroblastoma cells. 68 p. (126 p.).
Yhteenveto 1 p. 1997.

Ano, Teya, Determinants of breeding
performance of the Eurasian treecreeper. 27 p.
(130 p.). Yhteenveto 2 p. 1997.

HaapraranTa, Anr, Cell and tissue changes in
perch (Perca fluviatilis) and roach (Rutilus
rutilus) in relation to water quality. 43 p.

(112 p.). Yhteenveto 3 p. 1997.

Somasuo, Markus, The effects of pulp and
paper mill effluents on fish: a biomarker
approach. 59 p. (158 p.). Yhteenveto 2 p. 1997.
MikoLa, Juna, Trophic-level dynamics in
microbial-based soil food webs. 31 p. (110 p.).
Yhteenveto 1 p. 1997.

RAHKONEN, RiTTA, Interactions between a gull
tapeworm Diphyllobothrium dendriticum
(Cestoda) and trout (Salmo trutta L). 43 p.

(69 p.). Yhteenveto 3 p. 1998.

KoskeLa, Esa, Reproductive trade-offs in the
bank vole. 29 p. (94 p.). Yhteenveto 2 p. 1998.
HornE, TaNa, Evolution of female choice in the
bank vole. 22 p. (78 p.). Yhteenveto 2 p. 1998.
PIRHONEN, JUuHANI, Some effects of cultivation on
the smolting of two forms of brown trout
(Salmo trutta). 37 p. (97 p.). Yhteenveto 2 p.
1998.

LaAkso, Jount, Sensitivity of ecosystem
functioning to changes in the structure of soil
food webs. 28 p. (151 p.). Yhteenveto 1 p. 1998.
Nixura, Tuomo, Development of radiolabeled
monoclonal antibody constructs: capable of
transporting high radiation dose into cancer
cells. 45 p. (109 p.). Yhteenveto 1 p. 1998.
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78
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AIRENNE, KARI, Production of recombinant
avidins in Escherichia coli and insect cells.

96 p. (136 p.). Yhteenveto 2 p. 1998.
LyyTIKAINEN, TaPaNI, Thermal biology of
underyearling Lake Inari Arctic Charr
Salvelinus alpinus. 34 p. (92 p.).

Yhteenveto 1 p. 1998.

VIHINEN-RANTA, Malja, Canine parvovirus.
Endocytic entry and nuclear import. 74 p.

(96 p.). Yhteenveto 1 p. 1998.

MARTIKAINEN, Esko, Environmental factors
influencing effects of chemicals on soil animals.
Studies at population and community levels. 44
p- (137 p.). Yhteenveto 1 p. 1998.

AnLroOTH, PETRI, Dispersal and life-history
differences between waterstrider (Aquarius
najas) populations. 36 p. (98 p.).

Yhteenveto 1 p. 1999.

VIROLAINEN, KAIjA, Selection of nature reserve
networks. - Luonnonsuojelualueiden valinta.
28 p. (87 p.). Yhteenveto 1 p. 1999.

SELIN, PIRKKO, Turvevarojen teollinen kdytto ja
suopohjan hyodyntdminen Suomessa. -
Industrial use of peatlands and the re-use of
cut-away areas in Finland. 262 p. Foreword 3
p- Executive summary 9 p. 1999.

LerPANEN, HARRI, The fate of resin acids and
resin acid-derived compounds in aquatic
environment contaminated by chemical wood
industry. - Hartsihappojen ja hartsihappope-
rdisten yhdisteiden ymparistokohtalo kemial-
lisen puunjalostusteollisuuden likaamissa
vesistoissa. 45 p. (149 p.).

Yhteenveto 2 p.1999.

LinpsTrOM, LEENA, Evolution of conspicuous
warning signals. - Nakyvien varoitussignaa-
lien evoluutio. 44 p. (96 p.). Yhteenveto 3 p.
2000.

MarriLa, ELisa, Factors limiting reproductive
success in terrestrial orchids. - Kimmekoiden
lisdantymismenestystd rajoittavat tekijit. 29 p.
(95 p.). Yhteenveto 2 p. 2000.

KareLs, AarNoO, Ecotoxicity of pulp and paper
mill effluents in fish. Responses at biochemical,
individual, population and community levels.
-Sellu-ja paperiteollisuuden jitevesien
ekotoksisuus kaloille. Tutkimus kalojen
biokemiallisista, fysiologisista seka
populaatio-ja yhteisovasteista. 68 p. (177 p.).
Yhteenveto 1 p. Samenvatting 1 p. 2000.
AAaLTONEN, TuuLa, Effects of pulp and paper
mill effluents on fish immune defence. - Met-
sdteollisuuden jatevesien aiheuttamat
immunologiset muutokset kaloissa. 62 p. (125
p.)- 2000.

HEeLEnmus, MERjA, Aging-associated changes in
NF-kappa B signaling. - Ikdantymisen vaiku-
tus NF-kappa B:n signalointiin. 75 p. (143 p.).
Yhteenveto 2 p. 2000.
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SiPPONEN, MATTI, The Finnish inland fisheries
system. The outcomes of private ownership of
fishing rights and of changes in administrative
practices. 81 p. (188 p.). Yhteenveto 2 p. 1999.
Lammi, AntT, Reproductive success, local
adaptation and genetic diversity in small plant
populations. 36 p. (107 p.). Yhteenveto 4 p. 1999.
Niva, Teuvo, Ecology of stocked brown trout in
boreal lakes. 26 p. (102 p.). Yhteenveto 1 p. 1999.
PuLkkINEN, KaTjA, Transmission of
Triaenophorus crassus from copepod first to
coregonid second intermediate hosts and
effects on intermediate hosts. 45 p. (123 p.).
Yhteenveto 3 p. 1999.

ParRri, SiLja, Female choice for male drumming
characteristics in the wolf spider Hygrolycosa
rubrofasciata. 34 p. (108 p.).

Yhteenveto 2 p. 1999.

JYVASKYLA STUDIES IN BIOLOGICAL AND ENVIRONMENTAL SCIENCE

HuoviNeN, Pirjo, Ultraviolet radiation in
aquatic environments. Underwater UV
penetration and responses in algae and
zooplankton. - Ultraviolettiséteilyn vedenalai-
nen tunkeutuminen ja sen vaikutukset leviin
ja eldinplanktoniin. 52 p. (145 p.). Yhteenveto
2 p. 2000.

PAAKKONEN, JARI-PEkKA, Feeding biology of
burbot, Lota lota (L.): Adaptation to profundal
lifestyle? - Mateen, Lota lota (L), ravinnon-
kayton erityispiirteet: sopeumia pohja-
eldmdan? 33 p. (79 p.). Yhteenveto 2 p. 2000.
LaAsoNEN, Pexka, The effects of stream habit
restoration on benthic communities in boreal
headwater streams. - Koskikunnostuksen
vaikutus jokien pohjaeldimistéon. 32 p. (101
p-)- Yhteenveto 2 p. 2000.

PasoNEN, HANNA-LEENA, Pollen competition in
silver birch (Betula pendula Roth). An
evolutionary perspective and implications for
commercial seed production. -
Siitepolykilpailu koivulla. 41 p. (115 p.).
Yhteenveto 2 p. 2000.

SALMINEN, Esa, Anaerobic digestion of solid
poultry slaughterhouse by-products and
wastes. - Siipikarjateurastuksen sivutuottei-
den ja jdtteiden anaerobinen késittely. 60 p.
(166 p.). Yhteenveto 2 p. 2000.

SaLO, HARRI, Effects of ultraviolet radiation on
the immune system of fish. - Ultravioletti-
séteilyn vaikutus kalan immunologiseen
puolustusjérjestelméan. 61 p. (109 p.).
Yhteenveto 2 p. 2000.

Musrajirvi, Kaisa, Genetic and ecological
consequences of small population size in
Lychnis viscaria. - Geneettisten ja ekologisten
tekijoiden vaikutus pienten mékitervakko-
populaatioiden elinkykyyn. 33 p. (124 p.).
Yhteenveto 3 p. 2000.
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Tixka, PAvi, Threatened flora of semi-natural
grasslands: preservation and restoration. -
Niittykasvillisuuden siilyttdminen ja
ennallistaminen. 35 p. (105 p.). Yhteenveto 2 p.
2001.

Sutari, HeL, Ultraviolet sensitivity in birds:
consequences on foraging and mate choice. -
Lintujen ultraviolettindon ekologinen mer-
kitys ravinnon- ja puolisonvalinnassa. 31 p.
(90 p.). Yhteenveto 2 p. 2001.

VERTAINEN, LAURA, Variation in life-history
traits and behaviour among wolf spider
(Hygrolycosa rubrofasciata) populations. -
Populaatioiden viliset erot rummuttavan
haméahakin Hygrolycosa rubrofasciata) kasvus-
saja kdyttaytymisessd. 37 p. (117 p.)
Yhteenveto 2 p. 2001.

HaapaLa, ANTTI, The importance of particulate
organic matter to invertebrate communities of
boreal woodland streams. Implications for
stream restoration. - Hiukkasmaisen orgaanisen
aineksen merkitys pohjoisten mets&jokien pohja-
eldinyhteisoille - huomioita virtavesien
kunnostushankkeisiin. 35 p. (127 p.) Yhteenveto 2
Pp- 2001.

NissINEN, Lusa, The collagen receptor integrins
- differential regulation of their expression and
signaling functions. - Kollageeniin sitoutuvat
integriinit - niiden toisistaan eroava séétely ja
signalointi. 67 p. (125 p.) Yhteenveto 1 p. 2001.
AnLrOTH, MERV], The chicken avidin gene
family. Organization, evolution and frequent
recombination. - Kanan avidiini-geeniperhe.
Organisaatio, evoluutio ja tihed
rekombinaatio. 73 p. (120 p.) Yhteenveto 2 p.
2001.

HyoOTYLAINEN, TARJA, Assessment of
ecotoxicological effects of creosote-
contaminated lake sediment and its
remediation. - Kreosootilla saastuneen
jarvisedimentin ekotoksikologisen riskin

ja kunnostuksen arviointi. 59 p. (132 p.)
Yhteenveto 2 p. 2001.

SULKAVA, PEKKA, Interactions between faunal
community and decomposition processes in
relation to microclimate and heterogeneity in
boreal forest soil. - Maaperin elioyhteison ja
hajotusprosessien viliset vuorovaiku-tukset
suhteessa mikroilmastoon ja laikut-taisuuteen.
36 p. (94 p.) Yhteenveto 2 p. 2001.

LarmNeN, OLLi, Engineering of
physicochemical properties and quaternary
structure assemblies of avidin and
streptavidin, and characterization of avidin
related proteins. - Avidiinin ja streptavi-diinin
kvaterndérirakenteen ja fysioke-miallisten
ominaisuuksien muokkaus seka avidiinin
kaltaisten proteiinien karakteri-sointi. 81 p.
(126 p.) Yhteenveto 2 p. 2001.

LYYTINEN, ANNE, Insect coloration as a defence
mechanism against visually hunting
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104

105

106

107

108

109

110

111

predators. - Hyonteisten véritys puolustukses-
sa vihollisia vastaan. 44 p. (92 p.) Yhteenveto
3 p. 2001.

NIKKILA, ANNA, Effects of organic material on
the bioavailability, toxicokinetics and toxicity
of xenobiotics in freshwater organisms. -
Orgaanisen aineksen vaikutus vierasaineiden
biosaatavuuteen, toksikokinetiikkaan ja
toksisuuteen vesielivilla. 49 p. (102 p.)
Yhteenveto 3 p. 2001.

Luri, Mira, Complexity of soil faunal
communities in relation to ecosystem
functioning in coniferous forrest soil. A
disturbance oriented study. - Maaperan
hajottajaelidston monimuotoisuuden merkitys
metsdekosysteemin toiminnassa ja hairion-
siedossa. 36 p. (121 p.) Yhteenveto 2 p. 2001.
KoskeLa, Tanja, Potential for coevolution in a
host plant - holoparasitic plant interaction. -
Isantdkasvin ja tdysloiskasvin vélinen vuoro-
vaikutus: edellytyksid koevoluutiolle? 44 p.
(122 p.) Yhteenveto 3 p. 2001.

LaPPIVAARA, JaRMO, Modifications of acute
physiological stress response in whitefish
after prolonged exposures to water of
anthropogenically impaired quality. -
Ihmistoiminnan aiheuttaman veden laadun
heikentymisen vaikutukset planktonsiian
fysiologisessa stressivasteessa. 46 p. (108 p.)
Yhteenveto 3 p. 2001.

Eccarp, Jana, Effects of competition and
seasonality on life history traits of bank voles.
- Kilpailun ja vuodenaikaisvaihtelun vaikutus
metsdmyyréan elinkiertopiirteisiin.

29 p. (115 p.) Yhteenveto 2 p. 2002.

NIEMINEN, Jount, Modelling the functioning of
experimental soil food webs. - Kokeellisten
maaperdravintoverkkojen toiminnan
mallintaminen. 31 p. (111 p.) Yhteenveto

2 p. 2002.

NYKANEN, MARKO, Protein secretion in
Trichoderma reesei. Expression, secretion and
maturation of cellobiohydrolase I, barley
cysteine proteinase and calf chymosin in Rut-
C30. - Proteiinien erittyminen Trichoderma
reeseissd. Sellobiohydrolaasi I:'n, ohran
kysteiiniproteinaasin seké vasikan
kymosiinin ilmeneminen, erittyminen ja
kypsyminen Rut-C30-mutanttikannassa. 107
p- (173 p.) Yhteenveto 2 p. 2002.

TuroLa, MArjA, Phylogenetic analysis of
bacterial diversity using ribosomal RNA

gene sequences. - Ribosomaalisen RNA-
geenin sekvenssien kiytto bakteeridiver-
siteetin fylogeneettisessd analyysissa. 75 p.
(139 p.) Yhteenveto 2 p. 2002.

HonkavaAra, JoHanNa, Ultraviolet cues in fruit-
frugivore interactions. - Ultraviolettindon
ekologinen merkitys hedelmi& sydvien eldin-
ten ja hedelmékasvien vilisissa vuoro-
vaikutussuhteissa. 27 p. (95 p.) Yhteenveto

2 p. 2002.
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MARTTILA, ARI, Engineering of charge, biotin-
binding and oligomerization of avidin: new
tools for avidin-biotin technology. - Avidiinin
varauksen, biotiininsitomisen seki
oligomerisaation muokkaus: uusia tyokaluja
avidiini-biotiiniteknologiaan. 68 p. (130 p.)
Yhteenveto 2 p. 2002.

JokEeLA, Jar, Landfill operation and waste
management procedures in the reduction of
methane and leachate pollutant emissions
from municipal solid waste landfills. - Kaato-
paikan operoinnin ja jitteen esikasittelyn
vaikutus yhdyskuntajéitteen biohajoamiseen ja
typpipaastojen hallintaan. 62 p. (173 p.)
Yhteenveto 3 p. 2002.

RANTALA, MARKUS ]., Immunocompetence and
sexual selection in insects. - Immunokom-
petenssi ja seksuaalivalinta hyonteisilla. 23 p.
(108 p.) Yhteenveto 1 p. 2002.

OxsaNeN, TuuLa, Cost of reproduction and
offspring quality in the evolution of
reproductive effort. - Lisddntymisen kustan-
nukset ja poikasten laatu lisdéntymispanos-
tuksen evoluutiossa. 33 p. (95 p.) Yhteenveto
2 p. 2002.

HENo, JaNi, Spatial variation of benthic
macroinvertebrate biodiversity in boreal
streams. Biogeographic context and
conservation implications. - Pohjaeldinyh-
teisdjen monimuotoisuuden spatiaalinen
vaihtelu pohjoisissa virtavesissa - eliomaan-
tieteellinen yhteys seka merkitys jokivesien
suojelulle. 43 p. (169 p.) Yhteenveto 3 p. 2002.
SHRA-PIETIKAINEN, ANNE, Decomposer
community in boreal coniferous forest soil
after forest harvesting: mechanisms behind
responses. - Pohjoisen havumetsdmaan
hajottajayhteiso hakkuiden jalkeen: muutok-
siin johtavat mekanismit. 46 p. (142 p.) Yh-
teenveto 3 p. 2002.

KoRTET, RAINE, Parasitism, reproduction and
sexual selection of roach, Rutilus rutilus L. -
Loisten ja taudinaiheuttajien merkitys kalan
lisddntymisessd ja seksuaalivalinnassa. 37 p.
(111 p.) Yhteenveto 2 p. 2003.

SuviLAMPI, JUHANI, Aerobic wastewater
treatment under high and varying
temperatures - thermophilic process
performance and effluent quality. - Jatevesien
kasittely korkeissa ja vaihtelevissa lampoti-
loissa. 59 p. (156 p.) Yhteenveto 2 p. 2003.
PAIVINEN, Jussi, Distribution, abundance and
species richness of butterflies and
myrmecophilous beetles. - Perhosten ja
muurahaispesissa eldvien kovakuoriaisten
levinneisyys, runsaus ja lajistollinen moni-
muotoisuus 44 p. (155 p.) Yhteenveto 2 p.
2003.

Paavora, Riku, Community structure of
macroinvertebrates, bryophytes and fish in
boreal streams. Patterns from local to regional
scales, with conservation implications. -
Selkédrangattomien, vesisammalten ja kalojen
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124
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126
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131

yhteistrakenne pohjoisissa virtavesissa -
saannonmukaisuudet paikallisesta mittakaa-
vasta alueelliseen ja luonnonsuojelullinen
merkitys. 36 p. (121 p.) Yhteenveto 3 p. 2003.
SUIKKANEN, SANNA, Cell biology of canine
parvovirus entry. - Koiran parvovirusinfektion
alkuvaiheiden solubiologia. 88 p. (135 p.)
Yhteenveto 3 p. 2003.

AHTIAINEN, JARI JuHANI, Condition-dependence
of male sexual signalling in the drumming
wolf spider Hygrolycosa rubrofasciata. -
Koiraan seksuaalisen signaloinnin kunto-
riippuvuus rummuttavalla susihaméhékilla
Hygrolycosa rubrofasciata. 31 p. (121 p.) Yhteen-
veto 2 p. 2003.

Kararaju, PrRasap, Enhancing methane
production in a farm-scale biogas production
system. - Metaanintuoton tehostaminen
tilakohtaisessa biokaasuntuotanto-
jarjestelméssa. 84 p. (224 p.) Yhteenveto 2 p.
2003.

HAKKINEN, JaNi, Comparative sensitivity of
boreal fishes to UV-B and UV-induced
phototoxicity of retene. - Kalojen varhais-
vaiheiden herkkyys UV-B siteilylle ja reteenin
UV-valoindusoituvalle toksisuudelle. 58 p.
(134 p.) Yhteenveto 2 p. 2003.

NorpLUND, HENRI, Avidin engineering;
modification of function, oligomerization,
stability and structure topology. - Avidiinin
toiminnan, oligomerisaation, kestdvyydenja
rakennetopologian muokkaaminen. 64 p.

(104 p.) Yhteenveto 2 p. 2003.

MarjomAkl, Tivo J., Recruitment variability in
vendace, Coregonus albula (L.), and its
consequences for vendace harvesting. -
Muikun, Coregonus albula (L.), vuosiluokkien
runsauden vaihtelu ja sen vaikutukset kalas-
tukseen. 66 p. (155 p.) Yhteenveto 2 p. 2003.
KiLriMaA, JANNE, Male ornamentation and
immune function in two species of passerines.
- Koiraan ornamentit ja immuunipuolustus
varpuslinnuilla. 34 p. (104 p.) Yhteenveto 1 p.
2004.

PonNio, Tiia, Analyzing the function of
nuclear receptor Nor-1 in mice. - Hiiren
tumareseptori Nor-1:n toiminnan tutkiminen.
65 p. (119 p.) Yhteenveto 2 p. 2004.

WaNG, HoNng, Function and structure,
subcellular localization and evolution of the
encoding gene of pentachlorophenol 4-
monooxygenase in sphingomonads. 56 p.

(90 p.) 2004.

YLONEN, OLl, Effects of enhancing UV-B
irradiance on the behaviour, survival and
metabolism of coregonid larvae. - Lisddntyvan
UV-B siteilyn vaikutukset siikakalojen
poikasten kéyttaytymiseen, kuolleisuuteen ja
metaboliaan. 42 p. (95 p.) Yhteenveto 2 p.
2004.



132

133

134

135

136

137

138

139

140

141

JYVASKYLA STUDIES IN BIOLOGICAL AND ENVIRONMENTAL SCIENCE

KumruLaINEN, Tomr, The evolution and
maintenance of reproductive strategies in bag
worm moths (Lepidoptera: Psychidae).

- Lisddntymisstrategioiden evoluutio ja séily-
minen pussikehréadjilld (Lepidoptera:
Psychidae). 42 p. (161 p.) Yhteenveto 3 p.
2004.

OjaLa, Kirsl, Development and applications of
baculoviral display techniques. - Bakulo-
virus display -tekniikoiden kehittdminen ja
sovellukset. 90 p. (141 p.) Yhteenveto 3 p.
2004.

RANTALAINEN, MINNA-Lnisa, Sensitivity of soil
decomposer communities to habitat
fragmentation - an experimental approach. -
Metsdmaaperin hajottajayhteison vasteet
elinympariston pirstaloitumiseen. 38 p.

(130 p.) Yhteenveto 2 p. 2004.

SAARINEN, MARI, Factors contributing to the
abundance of the ergasilid copepod,
Paraergasilus rylovi, in its freshwater
molluscan host, Anodonta piscinalis. -
Paraergasilus rylovi -loisdyridisen esiintymi-
seen ja runsauteen vaikuttavat tekijit
Anodonta piscinalis -pikkujdrvisimpukassa.
47 p. (133 p.) Yhteenveto 4 p. 2004.

LiLja, Juna, Assessment of fish migration in
rivers by horizontal echo sounding: Problems
concerning side-aspect target strength.

- Jokeen vaeltavien kalojen laskeminen sivut-
taissuuntaisella kaikuluotauksella: sivu-
aspektikohdevoimakkuuteen liittyvid ongel-

mia. 40 p. (82 p.) Yhteenveto 2 p. 2004.
Nykvist, PeTRI, Integrins as cellular receptors

for fibril-forming and transmembrane
collagens. - Integriinit reseptoreina fibril-
laarisille ja transmembraanisille kolla-
geeneille. 127 p. (161 p.) Yhteenveto 3 p. 2004.
Korvura, NiNa, Temporal perspective of
humification of organic matter. - Orgaanisen
aineen humuistuminen tarkasteltuna ajan
funktiona. 62 p. (164 p.) Yhteenveto 2 p. 2004.
KARVONEN, ANssl, Transmission of Diplostomum
spathaceum between intermediate hosts.

- Diplostomum spathaceum -loisen siirtyminen
kotilo- ja kalaisannan valilla. 40 p. (90 p.)
Yhteenveto 2 p. 2004.

NYKANEN, Marl, Habitat selection by riverine
grayling, Thymallus thymallus L. - Harjuksen
(Thymallus thymallus L.) habitaatinvalinta

virtavesissa. 40 p. (102 p.) Yhteenveto 3 p. 2004.
HYNYNEN, Junani, Anthropogenic changes in

Finnish lakes during the past 150 years
inferred from benthic invertebrates and their
sedimentary remains. - Ihmistoiminnan
aiheuttamat kuormitusmuutokset suomalaisis-
sa jarvissa viimeksi kuluneiden 150 vuoden
aikana tarkasteltuina pohjaeldinyhteisojen
avulla. 45 p. (221 p.) Yhteenveto 3 p. 2004.
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PyLkko, PAvi, Atypical Aeromonas salmonicida
-infection as a threat to farming of arctic charr
(Salvelinus alpinus L.) and european grayling
(Thymallus thymallus L.) and putative means to
prevent the infection. - Epatyyppinen Aero-
monas salmonicida -bakteeritartunta uhkana
harjukselle (Thymallus thymallus L.) ja nieridlle
(Salvelinus alpinus L.) laitoskasvatuksessa ja
mahdollisia keinoja tartunnan ennalta-
ehkdisyyn. 46 p. (107 p.) Yhteenveto 2 p. 2004.
PuurTINEN, MIKAEL, Evolution of hermaphro-
ditic mating systems in animals. - Kaksi-
neuvoisten lisddntymisstrategioiden evoluu-
tio eldimilla. 28 p. (110 p.) Yhteenveto 3 p.
2004.
ToLvaNeN, Ourtl, Effects of waste treatment
technique and quality of waste on bioaerosols
in Finnish waste treatment plants. - Jatteen-
kasittelytekniikan ja jatelaadun vaikutus
bioaerosolipitoisuuksiin suomalaisilla jatteen-
kasittelylaitoksilla. 78 p. (174 p.) Yhteenveto
4 p. 2004.
Boapi, Kwast Owusu, Environment and health
in the Accra metropolitan area, Ghana. -
Accran (Ghana) suurkaupunkialueen ympé-
ristd ja terveys. 33 p. (123 p.) Yhteenveto 2 p.
2004.
Lukkari, Tuomas, Earthworm responses to
metal contamination: Tools for soil quality
assessment. - Lierojen vasteet
metallialtistukseen: kdyttomahdollisuudet
maaperan tilan arvioinnissa. 64 p. (150 p.)
Yhteenveto 3 p. 2004.
MARTTINEN, SANNA, Potential of municipal
sewage treatment plants to remove bis(2-
ethylhexyl) phthalate. - Bis-(2-etyyli-
heksyyli)ftalaatin poistaminen jitevesista
yhdyskuntajatevedenpuhdistamoilla. 51 p.
(100 p.) Yhteenveto 2 p. 2004.
KarisoLa, Pia, Immunological characteri-
zation and engineering of the major latex
allergen, hevein (Hev b 6.02). - Luonnon-
kumiallergian p&éallergeenin, heveiinin
(Hev b 6.02), immunologisten ominaisuuksien
karakterisointi ja muokkaus. 91 p. (113 p.)
Yhteenveto 2 p. 2004.
BAGGE, ANNA MARI4, Factors affecting the
development and structure of monogenean
communities on cyprinid fish. - Kidus-
loisyhteisgjen rakenteeseen ja kehitykseen
vaikuttavat tekijit sisdvesikaloilla. 25 p.
(76 p.) Yhteenveto 1 p. 2005.
JANTTI, AR, Effects of interspecific relation-
ships in forested landscapes on breeding
success in Eurasian treecreeper. - Lajien-
vilisten suhteiden vaikutus puukiipijan
pesintdmenestykseen metsdymparistossa.
39 p. (104 p.) Yhteenveto 2 p. 2005.
TYNKKYNEN, KATJA, Interspecific interactions
and selection on secondary sexual characters
in damselflies. - Lajienvéliset vuorovaikutuk-
set ja seksuaaliominaisuuksiin kohdistuva
valinta sudenkorennoilla. 26 p. (86 p.) Yh-
teenveto 2 p. 2005.



152

153

154

155

156

157

158

159

160

161

162

163

JYVASKYLA STUDIES IN BIOLOGICAL AND ENVIRONMENTAL SCIENCE

HakaLaHT, TEA, Studies of the life history of a
parasite: a basis for effective population
management. - Loisen elinkiertopiirteet:
perusta tehokkaalle torjunnalle. 41 p. (90 p.)
Yhteenveto 3 p. 2005.

HYTONEN, VEsa, The avidin protein family:
properties of family members and engineering
of novel biotin-binding protein tools. - Avidiini-
proteiiniperhe: perheen jasenten ominaisuuk-
sia ja uusia biotiinia sitovia proteiiniydkaluja.
94 p. (124 p.) Yhteenveto 2 p. 2005.

GiLBERT, LEONA , Development of biotechnological
tools for studying infectious pathways of
canine and human parvoviruses. 104 p.

(156 p.) 2005.

SUOMALAINEN, LoTTA-RIINA, Flavobacterium
columnare in Finnish fish farming:
characterisation and putative disease
management strategies. - Flavobacterium
columnare Suomen kalanviljelyssa:
karakterisointi ja mahdolliset torjunta-
menetelmit. 52 p. (110 p.) Yhteenveto 1 p.
2005.

VEHNIAINEN, EEVA-R1IKKA, Boreal fishes and
ultraviolet radiation: actions of UVR at
molecular and individual levels. - Pohjoisen
kalat ja ultraviolettisateily: UV-siteilyn
vaikutukset molekyyli- ja yksilotasolla. 52 p.
(131 p.) 2005.

VAINIKKA, ANssI, Mechanisms of honest sexual
signalling and life history trade-offs in three
cyprinid fishes. - Rehellisen seksuaalisen
signaloinnin ja elinkiertojen evoluution
mekanismit kolmella sarkikalalla. 53 p.

(123 p.) Yhteenveto 2 p. 2005.

LUOSTARINEN, SARI, Anaerobic on-site
wastewater treatment at low temperatures.
Jatevesien kiinteisto- ja kyldkohtainen
anaerobinen kisittely alhaisissa lampétilois-
sa. 83 p. (168 p.) Yhteenveto 3 p. 2005.
SepPALA, OTTO, HOst manipulation by
parasites: adaptation to enhance
transmission? Loisten kyky manipuloida
isdntiddn: sopeuma transmission tehostami-
seen? 27 p. (67 p.) Yhteenveto 2 p. 2005.

SuurINiEMI, M1a, Genetics of children’s

bone growth. - Lasten luuston kasvun gene-
tiikkka. 74 p. (135 p.) Yhteenveto 3 p. 2006.
TorvoLa, Jount, Characterization of viral
nanoparticles and virus-like structures by
using fluorescence correlation spectroscopy
(FCS) . - Virus-nanopartikkelien seki virusten
kaltaisten rakenteiden tarkastelu fluoresenssi
korrelaatio spektroskopialla. 74 p. (132 p.)
Yhteenveto 2 p. 2006.

KLEMME, INEs, Polyandry and its effect on male
and female fitness. - Polyandria ja sen vaiku-
tukset koiraan ja naaraan kelpoisuuteen 28 p.
(92 p.) Yhteenveto 2 p. 2006.

LEHTOMAKI, ANNIMARI, Biogas production from
energy crops and crop residues. - Energia-
kasvien ja kasvijatteiden hyodyntaminen
biokaasun tuotannossa. 91 p. (186 p.) Yhteen-
veto 3 p. 2006.

164

165

166

167

168

169

170

171

172

173

174

ILMARINEN, KATJA, Defoliation and plant-soil
interactions in grasslands. - Defoliaatio ja
kasvien ja maaperan véliset vuorovaikutukset
niittyekosysteemeissa. 32 p. (111 p.) Yhteenve-
to 2 p. 2006.

LOEHR, JoHN, Thinhorn sheep evolution and
behaviour. - Ohutsarvilampaiden evoluutio ja
kdyttaytyminen. 27 p. (89 p.) Yhteenveto 2 p.
2006.

Paukku, Satu, Cost of reproduction in a seed
beetle: a quantitative genetic perspective. -
Lisdadntymisen kustannukset jyvikuoriaisella:
kvantitatiivisen genetiikan ndkokulma. 27 p.
(84 p.) Yhteenveto 1 p. 2006.

OyaLa, KaTja, Variation in defence and its
fitness consequences in aposematic animals:
interactions among diet, parasites and
predators. - Puolustuskyvyn vaihtelu ja sen
merkitys aposemaattisten eldinten kelpoisuu-
teen: ravinnon, loisten ja saalistajien vuoro-
vaikutus. 39 p. (121 p.) Yhteenveto 2 p. 2006.
MaTiLAINEN, HELL Development of baculovirus
display strategies towards targeting to tumor
vasculature. - Sy6véan suonitukseen
kohdentuvien bakulovirus display-vektorien
kehittdminen. 115 p. (167 p.) Yhteenveto 2 p.
2006.

KaLrio, Eva R., Experimental ecology on the
interaction between the Puumala hantavirus
and its host, the bank vole. - Kokeellista
ekologiaa Puumala-viruksen ja metsamyyran
vilisestd vuorovaikutussuhteesta. 30 p. (75 p.)
Yhteenveto 2 p. 2006.

PmHLAJA, MARJO, Maternal effects in the magpie.
- Harakan ditivaikutukset. 39 p. (126p.)
Yhteenveto 1 p. 2006.

IHALAINEN, EIrRA, Experiments on defensive
mimicry: linkages between predator behaviour
and qualities of the prey. - Varoitussignaalien
saalis-suhteista. 37 p. (111 p.) Yhteenveto 2 p.
2006.

LOPEZ-SEPULCRE, ANDRES, The evolutionary
ecology of space use and its conservation
consequences. - Elintilan kdyton ja reviiri-
kayttaytymisen evoluutioekologia
luonnonsuojelullisine seuraamuksineen. 32 p.
(119 p.) Yhteenveto 2 p. 2007.

TuLLa, MIra, Collagen receptor integrins:
evolution, ligand binding selectivity and the
effect of activation. - Kollageenireseptori-
integriiniien evoluutio, ligandin sitomis-
valikoivuus ja aktivaation vaikutus. 67 p. (129
p-) Yhteenveto 2 p. 2007.

SmusaLo, Tuura, Diet and foraging of ringed
seals in relation to helminth parasite
assemblages. - Perdmeren ja Saimaan norpan
suolistoloisyhteisét ja niiden hyodyntdminen
hylkeen yksil6llisen ravintoekologian selvitta-
misessd. 38 p. (84 p.) Yhteenveto 2 p. 2007.



175

176

177

178

179

180

181

182

183

184

185

186

JYVASKYLA STUDIES IN BIOLOGICAL AND ENVIRONMENTAL SCIENCE

TorvaNeN, Tero, Short-term effects of forest
restoration on beetle diversity. - Metsien
ennallistamisen merkitys kovakuoriaislajiston
monimuotoisuudelle. 33 p. (112 p.) Yhteenveto
2 p. 2007.

Lupwig, GiLBERT, Mechanisms of population
declines in boreal forest grouse. - Kanalintu-
kantojen laskuun vaikuttavat tekijat. 48 p. (138
p-) Yhteenveto 2 p. 2007.

KeroLa, TArRMO, Genetics of condition and
sexual selection. - Kunnon ja seksuaalivalin-
nan genetiikka. 29 p. (121 p.) Yhteenveto 2 p.
2007.

SEPPANEN, JANNE-TuOMas, Interspecific social
information in habitat choice. - Lajienvilinen
sosiaalinen informaatio habitaatinvalin-
nassa. 33 p. (89 p.) Yhteenveto 2 p. 2007.
BaNDILLA, MATTHIAS, Transmission and host
and mate location in the fish louse Argulus
coregoni and its link with bacterial disease in
fish. - Argulus coregoni -kalatéin siirtyminen
kalaiséntdan, isinnan ja parittelukumppanin
paikallistaminen seké loisinnan yhteys kalan
bakteeritautiin. 40 p. (100 p.) Yhteenveto 3 p.
Zusammenfassung 4 p. 2007.

MERILAINEN, PAIvi, Exposure assessment of
animals to sediments contaminated by pulp
and paper mills. - Sellu- ja paperiteollisuuden
saastuttamat sedimentit altistavana tekijana
vesieldimille. 79 p. (169 p.) Yhteenveto 2 p.
2007.

RourtTu, Jarkko, Genetic and phenotypic
divergence in Drosophila virilis and

D. montana. - Geneettinen ja fenotyyppinen
erilaistuminen Drosophila virilis ja D. montana
lajien mahlakarpasilla. 34 p. (106 p.) Yhteen-
veto 1 p. 2007.

BeNesH, DANIEL P., Larval life history,
transmission strategies, and the evolution of
intermediate host exploitation by complex
life-cycle parasites. - Vakédkarsamatotoukkien
elinkierto- ja transmissiostrategiat seka vali-
isannan hyviaksikayton evoluutio. 33 p. (88 p.)
Yhteenveto 1 p. 2007.

TarpALE, Sami, Bacterial-mediated terrestrial
carbon in the foodweb of humic lakes.

- Bakteerivilitteisen terrestrisen hiilen
merkitys humusjérvien ravintoketjussa. 61 p.
(131 p.) Yhteenveto 5 p. 2007.

KILJUNEN, MIKKO, Accumulation of
organochlorines in Baltic Sea fishes. -
Organoklooriyhdisteiden kertyminen Itdme-
ren kaloihin. 45 p. (97 p.) Yhteenveto 3 p.
2007.

SorMUNEN, KarMarkus, Characterisation of
landfills for recovery of methane and control
of emissions. - Kaatopaikkojen karakterisointi
metaanipotentiaalin hyodyntamiseksi ja
padstojen vahentamiseksi. 83 p. (157 p.)
Yhteenveto 2 p. 2008.

HiLtunen, Terro, Environmental fluctuations
and predation modulate community

187

188

189

190

191

192

193

194

195

196

dynamics and diversity.- Ympériston vaihte-
lutja saalistus muokkaavat yhteison dyna-
miikkaa ja diversiteettid. 33 p. (100 p.) Yhteen-
veto 2 p. 2008.

SYVARANTA, JARI, Impacts of biomanipulation
on lake ecosystem structure revealed by stable
isotope analysis. - Biomanipulaation vaiku-
tukset jarviekosysteemin rakenteeseen vakai-
den isotooppien avulla tarkasteltuna. 46 p.
(105 p.) Yhteenveto 4 p. 2008.

MartTiLa, NiINA, Ecological traits as
determinants of extinction risk and
distribution change in Lepidoptera. - Perhos-
ten uhanalaisuuteen vaikuttavat ekologiset
piirteet. 21 p. (67 p.) Yhteenveto 1 p. 2008.
UpLaA, PauLa, Integrin-mediated entry of
echovirus 1. - Echovirus 1:n integriini-
vilitteinen sisddnmeno soluun. 86 p. (145 p.)
Yhteenveto 2 p. 2008.

KeskiNeN, Tario, Feeding ecology and
behaviour of pikeperch, Sander lucioperca (L.)
in boreal lakes. - Kuhan (Sander lucioperca
(L.)) ravinnonkéytto ja kdyttaytyminen
boreaalisissa jarvissa. 54 p. (136 p.) Yhteen-
veto 3 p. 2008.

LAAKKONEN, JOHANNA, Intracellular delivery of
baculovirus and streptavidin-based vectors
in vitro - towards novel therapeutic
applications. - Bakulovirus ja streptavidiini
geeninsiirtovektoreina ihmisen soluissa.

81 p. (142 p.) Yhteenveto 2 p. 2008.

MicHEL, PATRIK, Production, purification and
evaluation of insect cell-expressed proteins
with diagnostic potential. - Diagnostisesti
tarkeiden proteiinien tuotto hyonteissolussa
sekéd niiden puhdistus ja karakterisointi.

100 p. (119 p.) Yhteenveto 2 p. 2008.
LinpstepT, CARITA, Maintenance of variation in
warning signals under opposing selection
pressures. - Vastakkaiset evolutiiviset valinta-
paineet ylldpitavét vaihtelua varoitussigna-
loinnissa. 56 p. (152 p.) Yhteenveto 2 p. 2008.
BomAN, SaNNA, Ecological and genetic factors
contributing to invasion success: The
northern spread of the Colorado potato beetle
(Leptinotarsa decemlineata). - Ekologisten ja
geneettisten tekijoiden vaikutus koloradon-
kuoriaisen (Leptinotarsa decemlineata)
leviamismenestykseen. 50 p. (113 p.) Yhteen-
veto 3 p. 2008.

MAKELA, ANNA, Towards therapeutic gene
delivery to human cancer cells. Targeting and
entry of baculovirus. - Kohti terapeuttista
geeninsiirtoa: bakuloviruksen kohdennus ja
sisadnmeno ihmisen sy&pésoluihin. 103 p.
(185 p.)Yhteenveto 2 p. 2008.

LEeBIGRE, CHRISTOPHE, Mating behaviour of the
black grouse. Genetic characteristics and
physiological consequences. - Teeren
pariutumiskayttaytyminen. Geneettiset tekijat
ja fysiologiset seuraukset . 32 p. (111
p-)Yhteenveto 2 p. 2008.



197

198

199

200

201

202

203

204

205

206

207

JYVASKYLA STUDIES IN BIOLOGICAL AND ENVIRONMENTAL SCIENCE

KakkoNEN, ELINA, Regulation of raft-derived
endocytic pathways - studies on echovirus 1
and baculovirus. - Echovirus 1:n ja
bakuloviruksen soluun sisidnmenon reitit ja
séddtely. 96 p. (159 p.) Yhteenveto 2 p. 2009.
TenHOLA-ROININEN, TEA, Rye doubled haploids
- production and use in mapping studies. -
Rukiin kaksoishaploidit - tuotto ja kaytto
kartoituksessa. 93 p. (164 p.) Yhteenveto 3 p.
2009.

TreBATICKA, LENKA, Predation risk shaping
individual behaviour, life histories and
species interactions in small mammals. -
Petoriskin vaikutus yksilon kéyttaytymiseen,
elinkiertopiirteisiin ja yksiloiden vélisiin
suhteisiin. 29 p. (91 p.) Yhteenveto 3 p. 2009.
PIETIKAINEN, ANNE, Arbuscular mycorrhiza,
resource availability and belowground
interactions between plants and soil microbes.
- Arbuskelimykorritsa, resurssien saatavuus ja
maanalaiset kasvien ja mikrobien viliset
vuorovaikutukset. 38 p. (119 p.) Yhteenveto

2 p. 2009.

ARrovnra, JuKka, Predictive models in
assessment of macroinvertebrates in boreal
rivers. - Ennustavat mallitjokien
pohjaeldimiston tilan arvioinnissa. 45 p.

(109 p.) Yhteenveto 3 p. 2009.

Rasi, Saya, Biogas composition and upgrading
to biomethane. - Biokaasun koostumus ja
puhdistaminen biometaaniksi. 76 p.

(135 p.) Yhteenveto 3 p. 2009.

PAKKANEN, Kirsl, From endosomes onwards.
Membranes, lysosomes and viral capsid
interactions. - Endosomeista eteenpdin.
Lipidikalvoja, lysosomeja ja viruskapsidin
vuorovaikutuksia. 119 p. (204 p.) Yhteenveto
2 p. 2009.

MARKKULA, EVELIINA, Ultraviolet B radiation
induced alterations in immune function of
fish, in relation to habitat preference and
disease resistance. - Ultravioletti B -séteilyn
vaikutus kalan taudinvastustuskykyyn ja
immunologisen puolustusjirjestelméan toimin-
taan. 50 p. (99 p.) Yhteenveto 2 p. 2009.
InALAINEN, TEEMU, Intranuclear dynamics in
parvovirus infection. - Tumansisdinen dyna-
miikka parvovirus infektiossa. 86 p. (152 p.)
Yhteenveto 3 p. 2009.

Kunttu, Hepl, Characterizing the bacterial fish
pathogen Flavobacterium columnare, and some
factors affecting its pathogenicity. - Kalapato-
geeni Flavobacterium columnare -bakteerin
ominaisuuksia ja patogeenisuuteen vaikutta-
via tekijoitd. 69 p. (120 p.)

Yhteenveto 3 p. 2010.

KoriLaNeN, TiTT4, Solar UV radiation and
plant responses: Assessing the methodo-
logical problems in research concerning
stratospheric ozone depletion . - Auringon
UV-siteily ja kasvien vasteet: otsonikatoon
liittyvien tutkimusten menetelmien arviointia.
45 p. (126 p.) Yhteenveto 2 p. 2010.

208

209

210

211

212

213

214

215

216

217

EmNoLa, JuHa, Biotic oxidation of methane in
landfills in boreal climatic conditions . -
Metaanin biotekninen hapettaminen kaatopai-
koilla viile&ssa ilmastossa. 101 p. (156 p.)
Yhteenveto 3 p. 2010.

PurOINEN, SAnja, Range expansion to novel
environments: evolutionary physiology and
genetics in Leptinotarsa decemlineata. - Lajien
levinneisyysalueen laajeneminen:
koloradonkuoriaisen evolutiivinen fysiologia
ja genetiikka. 51 p. (155 p.) Yhteenveto 3 p.
2010.

NIskaNEN, EmNarl, On dynamics of parvoviral
replication protein NS1. - Parvovirusten
replikaationproteiini NS1:n dynamiikka.

81 p. (154 p.) Yhteenveto 3 p. 2010.

PEkkALA, SATU, Functional characterization of
carbomoyl phosphate synthetase I deficiency
and identification of the binding site for
enzyme activator.- Karbamyylifosfaatti
syntetaasi I:n puutteen patologian toiminnalli-
nen karakterisaatio ja entsyymin aktivaattorin
sitoutumiskohdan identifikaatio.

89 p. (127 p.) Yhteenveto 2 p. 2010.

HaLmeg, Panu, Developing tools for
biodiversity surveys - studies with wood-
inhabiting fungi.- Tytkaluja monimuotoisuus-
tutkimuksiin - tutkimuskohteina puulla elavat
sienet. 51 p. (125 p.) Yhteenveto 2 p. 2010.
JaLasvuorl, MATTI, Viruses are ancient
parasites that have influenced the evolution of
contemporary and archaic forms of life. -
Virukset ovat muinaisia loisia, jotka ovat
vaikuttaneet nykyisten ja varhaisten elaman-
muotojen kehitykseen. 94 p. (192 p.) Yhteenve-
to 2 p. 2010.

PostiLa, PEkKa, Dynamics of the ligand-
binding domains of ionotropic glutamate
receptors. - lonotrooppisten glutamaatti-
reseptoreiden ligandin-sitomisdomeenien
dynamiikka. 54 p. (130 p.) Yhteenveto 3 p.
2010.

PoikoNeN, Tanja, Frequency-dependent
selection and environmental heterogeneity as
selective mechanisms in wild populations.

- Frekvenssistd riippuva valinta ja ympariston
heterogeenisyys luonnonvalintaa ohjaavina
tekijoind luonnonpopulaatiossa. 44 p. (115 p.)
Yhteenveto 4 p. 2010.

KEKALAINEN, JukKa, Maintenance of genetic
variation in sexual ornamentation - role of
precopulatory and postcopulatory sexual
selection. - Seksuaaliornamenttien geneettisen
muuntelun sédilyminen - parittelua edeltivan
ja sen jdlkeisen seksuaalivalinnan merkitys.
52 p. (123 p.) Yhteenveto 3 p. 2010.

SYRIANEN, JUuKka, Ecology, fisheries and
management of wild brown trout populations
in boreal inland waters. - Luontaisten taimen-
kantojen ekologia, kalastus ja hoito pohjoisilla
sisdvesilld. 43 p. (108 p.) Yhteenveto 3 p. 2010.



JYVASKYLA STUDIES IN BIOLOGICAL AND ENVIRONMENTAL SCIENCE

218 RuUSKAMO, SALLA, Structures, interactions and
packing of filamin domains. -
Filamiinidomeenien rakenteet, vuoro-
vaikutukset ja pakkautuminen. 50 p. (108 p.)
Yhteenveto 1 p. 2010.

219 HoNkANEN, MERJA, Perspectives on variation in
species richness: area, energy and habitat
heterogeneity. - Pinta-alan, energian ja
elinymparistdjen monimuotoisuuden suhde
lajim&araan. 46 p. (136 p.) Yhteenveto 2 p.
2011.




	ABSTRACT
	CONTENTS
	LIST OF ORIGINAL PUBLICATIONS
	1 INTRODUCTION
	1.1 Patterns of species richness
	1.2 Species-area relationship (SAR)
	1.3 Species-energy relationship (SER)
	1.4 Area, energy or habitat heterogeneity?
	1.5 Aim of the thesis

	2 STUDY QUESTIONS AND HYPOTHESES
	3 MATERIALS AND METHODS
	3.1 Study species and variables
	3.2 Statistical analyses

	4 RESULTS AND DISCUSSION
	4.1 Bird species richness (I, II)
	4.2 Aquatic macrophyte species richness (III)
	4.3 Dragonfly species richness (IV)

	5 CONCLUSIONS AND IMPLICATIONS
	5.1 Conclusions
	5.2 Increasing energy, increasing species richness?
	5.3 Species richness and conservation

	Acknowledgements
	YHTEENVETO (RÉSUMÉ IN FINNISH)
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




