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Suurkuukka, Heli, Spatial and temporal variability of freshwater biodiversity in
natural and modified forested landscapes.

University of Oulu Graduate School; University of Oulu, Faculty of Science, Department of
Biology

Acta Univ. Oul. A 646, 2014

University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

Understanding of natural and human induced changes to freshwater biodiversity patterns is critical
for efficiently conserving and managing these highly impacted ecosystems. In this doctoral thesis,
| study the natural spatial and temporal variability of littoral macroinvertebrate communities, as
well as aquatic biodiversity responses (of bryophytes, macroinvertebrates and diatoms) to human
impact on forested headwater streams. | also study the temporal variability of natural and human-
impacted stream communities. | show that littoral macroinvertebrate communities are most
variable between individual samples and to some extent between littorals, and that the diversity
patterns of rare and common littoral macroinvertebrates vary at different spatial scales. Temporal
(interannual) variability is of minor importance, particularly for the core species of the
community. For rare species, however, the temporal component was generally more important
than spatial turnover. For headwater streams, | show that most taxonomic groups responded
negatively to human impact on the adjacent riparian forest. Nevertheless, pristine riparian forest
is not a sufficient surrogate for stream biodiversity as also streams with relatively disturbed
riparian forests supported diverse benthic communities. A rapid classification method based on the
physical structure of the stream channel and its riparian forest is able to identify the reference-state
communities, as well as the most severely altered communities, but a reliable identification of the
intermediately-disturbed sites would need more precise information about the key stressors of
stream communities. | found that fine sediments originating from forest drainage were the main
factor causing reduction of stream biodiversity. | also found that forestry impacted streams varied
temporally more than pristine streams, emphasizing the importance of interannual sampling of
impacted streams for a reliable status assessment.

Keywords: aquatic bryophytes, benthic macroinvertebrates, beta-diversity, biodiversity,
diatoms, lakes, spatial scale, species richness, streams, temporal scale






Suurkuukka, Heli, Pienvesien biodiversiteetin ajallinen ja paikallinen vaihtelu
luonnontilaisessa ja ihmisvaikutteisessa metsdmaisemassa.

Oulun yliopiston tutkijakoulu; Oulun yliopisto, Luonnontieteellinen tiedekunta, Biologian laitos
Acta Univ. Oul. A 646, 2014

Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelma

Luonnollisen ja ihmisen aiheuttaman biodiversiteettivaihtelun ymmartdminen hoito- ja suojelu-
toimissa on tarkeéa pienvesien monimuotoisuuden turvaamiseksi. Tarkastelen vaitdskirjassani
jarvien rantavydhykkeen pohjaeldinten ajallista ja paikallista vaihtelua sekd latvapurojen elidyh-
teisdjen (pohjaeldimet, sammalet, piilevat) vasteita ihmisen aiheuttamaan fysikaaliseen muutokseen
rantametsdssd ja purouomassa. Tarkastelen myds ajallisen vaihtelun eroja luonnontilaisten ja
ihmisvaikutteisten latvapurojen elidyhteiséjen valilla. Osoitan, etté jarven rantavythykkeen poh-
jaeldinyhteisot vaihtelevat eniten yksittdisten ndytteiden valill ja pienessd méaarin eri rantojen
valilla, mutta ajallinen vaihtelu ei heikenna tulosten luotettavuutta muiden kuin harvinaisten laji-
en osalta yhteen vuoteen rajoittuvassa ndytteenotossa. Purotutkimuksissa osoitan, ettd useiden
vesielidryhmien lajirunsaus muuttuu ihmisen aiheuttaman rantametsan muutoksen seurauksena,
mutta luonnontilaista rantametsad ei silti voida pit&& yksiselitteisesti myds puron suojelutason
mittarina, koska se ei vélttdmatta turvaa elididen lajistollista eheyttd suhteessa alkuperdiseen
alueelliseen lajistoon. Rantametsan ja uoman fysikaalisiin rakennepiirteisiin perustuvaa nopeaa
luokittelumenetelmaa voidaan kayttaa elidyhteisdltddn monimuotoisimpien ja metsatalouden
voimakkaimmin rasittamien purojen tunnistamisessa. Elidyhteisdltaan lievemmin muutettujen
purojen luotettavaan erotteluun luokittelun pitaisi kuitenkin siséltda tarkempaa tietoa metséoji-
tusten aiheuttamasta liettymisestd, joka on tulosteni perusteella haitallisin metsétaloudesta johtuva
puroyhteis6jé rasittava tekijé. Havaitsin myds metsétalouden rasittamien purojen tilanarvioinnin
toistettavuuden olevan luonnontilaisia puroja heikompaa, joten metsétalouden rasittamien purojen
pidempiaikainen seuraaminen tuntuu vélttdméattdmélta luotettavien tilanarvioiden tuottamiseksi.

Asiasanat: ajallinen mittakaava, betadiversiteetti, biodiversiteetti, jarvet, lajirunsaus,
piilevét, pohjaeldimet, purot, spatiaalinen mittakaava, vesisammalet
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1 Introduction

Freshwater biodiversity is globally threatened, with the trend of biodiversity loss
exceeding that in most other ecosystems (Sala et al. 2000, Dudgeon et al. 2006).
Situation in Finland is no different from the global trend. For example, more than
40% of freshwater fishes in Finland are red-listed (Urho et al. 2010) and 68% of
freshwater habitats in Southern Finland are endangered (Ilmonen et al. 2008). The
main causes of freshwater species loss are pollution, construction, land use and
overexploitation of species and resources, (Abell 2002, Ilmonen ef al. 2008), and
these factors have potentially severe consequences by altering ecosystem
functioning. Diminishing resistance and resilience of communities to disturbances
such as extreme climate events, and loss of ecological integrity impair also the
ecosystem services that freshwaters provide for people. Because of this, a
profound understanding of biodiversity patterns is critical for preventing
additional biodiversity loss and also to efficiently conserve and manage current
freshwater biodiversity. It is of particular importance to know how biodiversity
within a region is structured, and what the appropriate spatial and temporal
boundaries for conservation as well as for studying the mechanisms that cause the
observed diversity patterns are (Zvuloni et al. 2010).

Aquatic ecosystems exhibit strong natural fluctuation in environmental
conditions at multiple spatial and temporal scales (Allen & Starr 1982). Spatial
patterns of freshwater biodiversity such as the species-area relationship (e.g.
Rosenweig 1995), relationship between local and regional biodiversity (e.g.
Cornell & Lawton 1992, Stendera & Johnson 2005), and the underlying
environmental determinants (e.g. Sandin 2003, Mykrd et al. 2007) have been
studied increasingly during the last two decades, especially in lotic habitats.
Variation of freshwater macroinvertebrate communities at the smallest study
scales (among and within riffles/littorals) relate to habitat heterogeneity (e.g.
Johnson & Goedkoop 2002) and biotic interactions (e.g. Downes et al. 1995). The
structure of fish communities has been shown to be more dependent on the
interaction between flow regime and local geology that define many key abiotic
factors (Poff & Allan 1995), whereas diatom (see Soininen 2007) and macrophyte
(Paavola et al. 2006) communities are largely shaped by chemical properties of
the water. Natural variation of freshwater communities at larger scales (i.e. among
waterways/regions) is generally associated with geographical position (Mykré et
al. 2007, Astorga et al. 2011), geology (Richards et al. 1997), catchment size
(Astorga ef al. 2011) and dispersal limitation (Astorga et al. 2012). On larger
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geographic scales, regional factors increase in importance, but habitat and
ecosystem-level factors often explain more of the among-site variation in
freshwater communities (e.g. Heino et al. 2004, Johnson et al. 2004). Since so
many simultaneous local, regional and historical factors define the habitat
conditions determining biological communities (Hildrew & Giller 1994, Poff
1997), observations made at one place or time cannot be readily extrapolated to
other scales. Biodiversity patterns may vary also between different freshwater
systems (e.g. lakes vs. streams) and thus biodiversity patterns should be studied at
multiple freshwater systems across multiple spatial (and temporal) scales.

Despite increasing consensus about investigating ecological patterns and
processes at multiple spatial scales, the temporal component of freshwater
diversity variation, and its interaction with spatial variation, has remained much
less studied (but see Erds & Schmera 2010). This is so even though studies that
partition diversity in both space and time would clearly be of high importance to
landscape-level management of biodiversity (Magurran et al. 2010). A temporally
too restricted sampling scale may cause a serious underestimation of freshwater
diversity, to the extent of compromising assessment results (Huttunen et al. 2012)
or any comparison of diversity among sites and habitats (Tylianakis et al. 2005).
Biodiversity sampling in freshwaters often contains no temporal replication but is
conducted over short time-scales. Lack of temporal replication in freshwater
systems prone to natural climatic disturbances is particularly disturbing, since it is
known that climatic events is one of the main causes of temporal variation in
freshwater communities (see Jackson & Fiireder 2006 for a review). Moreover,
the majority of studies dealing with temporal patterns in running water habitats
(e.g. Linke et al. 1999, Scarsbrook 2002, Mykra et al. 2012) have focused on only
natural biodiversity patterns under pristine environmental conditions while it has
been suggested that human-impacted streams may exhibit more inter-annual
variability than corresponding pristine streams (see Feio et al. 2010).

Many studies have stressed the negative impacts of human induced
landscape-scale disturbances on freshwater biodiversity, with a strong focus on
benthic macroinvertebrates or fish as the target organism groups (see Allan 2004
for a review). However, few studies have assessed comprehensively the
importance of intact riparian forests to wholesale freshwater biodiversity with an
effort to identify the most important stressors of the human impact gradient (but
see Herbert ef al. 2010, Sandin 2009). This is so even though riparian forests are
generally considered as hot spots of biodiversity and key areas for biodiversity
conservation (e.g. Naiman et al. 2005). Benefits of terrestrial conservation for
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freshwater biodiversity have thus rather been assumed than directly tested for, or
have been studied only with a few taxonomic groups.

The two aquatic habitats studied in this thesis, littoral zones of lakes and
headwater streams, are characterized by both predictable (snowmelt-induced
spring floods) and unpredictable natural disturbances by water level changes,
discharge variability and ice dynamics. Their communities differ from larger
rivers and lake pelagic areas by their close linkage to terrestrial surroundings.
Because of this linkage, headwaters are more prone to land use effects than larger
rivers are (Naiman et al. 2005). Freshwater bioassessment has been traditionally
biased towards large rivers and profundal communities of lakes, while small
streams and littorals of lakes have received much less attention. Recently,
however, the use of littoral macroinvertebrates in biodiversity surveys and
monitoring programs has been increasing (Aroviita & Hadmaéldinen 2008), and, at
the same time, headwater streams have become one of the focus habitats in forest
biodiversity conservation (Richardson ez al. 2010, Timonen et al. 2010).

Despite the interest towards headwater streams and lake littorals has
increased, studies dealing with spatial and temporal variability of communities in
lake littorals (pristine or not) are still relatively rare. The lack of a thorough
understanding of the importance of pristine riparian setting to freshwater
communities hinders assessment, management and protection of these
environments. Freshwater bioassessment has also generally focused on dominant
taxa because they are believed to carry the key information about community
patterns, whereas rare taxa may not provide a sufficiently strong signal of
environmental degradation (e.g. Marchant 2002). In assessing conservation value
or wholesale biodiversity, the interest is, by contrast, in total species richness, and
particularly in rare and red-listed species. Thus it seems feasible that both
dominant and rare species have their place in freshwater assessment and
conservation but their distributional patterns and species-environment
relationships in lake littorals and headwater streams is poorly known.
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2 Aims of the study

The overall objective of this thesis was to study natural and human induced
biodiversity variation in communities of two freshwater habitats. The subprojects
included several questions with the aim of benefiting forest and freshwater
managers and conservation biologists in their work.

Firstly, we assessed spatial and temporal variation of littoral benthic
macroinvertebrate diversity and community composition in the absence of human
impact (I). We studied whether diversity is mainly generated at the finest
sampling scales, that is, individual samples or littorals; or at the scale of different
lakes; or whether the interannual dimension is the most important one. We also
tested whether rare and dominant taxa exhibit different scale dependent patterns
of diversity variation. The outcome is especially important for freshwater
assessment, which is usually based on a limited amount of samples and sampling
occasions.

Secondly, we studied aquatic biodiversity responses to human impact in
forested headwater streams (II, III). We assessed whether total species richness,
Shannon diversity and richness of red-listed species of benthic diatoms,
bryophytes and macroinvertebrates reflect the gradient of human induced
degradation of the riparian forest (II). We also examined whether community
composition of each of the three taxonomic groups shows differentiation along
the degradation gradient (II) and whether taxonomic completeness (occurrence of
native biota) of headwater streams is able to detect different levels of forestry-
related human impairment (III). One goal of these subprojects was to test how
well a rapid classification method based on the physical structure of the stream
channel and its riparian forest mirrors the gradient of forestry-induced habitat
degradation and could it thus serve as an environmental surrogate in freshwater
conservation prioritization.

Thirdly, we assessed the temporal variation in biodiversity of natural and
human impacted stream communities (III) by comparing taxonomic completeness
(observed/expected no. of species) of pristine and slightly modified sites. The
applied goal was to reveal whether assessment results of small headwaters are
consistent through time.
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3 Materials and methods

3.1 Study areas

The study was conducted in southern Finland (62° N, 26° E) in three small (< 5
km?), near-pristine and humic (78— 102 mg Pt I -1) lakes: Ahveninen (Lake 1),
Mehtio (Lake 2) and Pieni-Myhi (Lake 3, Fig 1A). These lakes belong to the
same lake type (Finnish lake typology, Vuori ef al. 2006) and are little impacted
by human activities, thus representing natural variation of the reference condition
of the small humic lake type.

The effects of human impact on streams (II, III test sites) were studied in the
headwaters of River Iijjoki (65°200 —65°800 N, 27°080 —28°600 E, Fig 1B). The
majority of the River Iijoki catchment is characterized by mixed forests, peatlands
and fine-sediment plains. Intensity of land use varies substantially in different
parts of the catchment. Remote and inaccessible areas have been left aside of
silviculture and 2% of the catchment has been protected as national park, whereas
most of the commercial forests on peatlands have been heavily drained by
ditching to support forest growth (Korhonen et al. 2013). Streams of the study
area were classified by the Finnish Forest and Park Services (Metsdhallitus) in
1998-2003 to five status classes reflecting the naturalness of the stream channel
and the riparian forest. The classification consisted of nearly 2400 sections (200—
1000 m in length) in 257 streams (Hyvonen et al. 2005). The classification
method is based on six habitat features describing the physical structure of the
stream channel and the adjacent riparian forest. Each factor is scored from zero
(complete alteration) to five (no human impact) and the overall status class of a
site is calculated as the mean of the scores of each of the six factors (rounded to
nearest integer). Sites in the severely modified class 1 have been heavily
subjected to forest management actions, particularly peatland drainage. Drainage
intensity (kilometres of ditches draining into a 500 m long and 25 m wide buffer
upstream of a site) in our study sites was highest in the modified class 1 and
lowest in the pristine class 5 (GIS-data derived from the Topographical database
of National Land Survey of Finland, 2009). Site status improves progressively
towards class 5, which consists of unmodified (or nearly so) streams and their
riparian forests. A stratified random protocol was used to select 50 independent
study reaches (ten replicates in each class of naturalness) (II). In paper III, these
sites were further divided into three classes; class 1 (consisting original classes 1
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and 2), class 2 (equaling class 3) and class 3 (consisting original classes 4 and 5)
and used as test sites in predictive modeling. Four sites representing each of the
status classes 2 and 3 were also selected for inter-annual monitoring. The
reference (hereafter REF) data in paper III compiled 84 near-pristine streams
across northern Finland.
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Fig. 1. Location of study sites of article | (A), Il and Ill (B). CAL and VLD in figure B
refer to calibration and validation sites, respectively. Black symbols refer to sites
where only macroinvertebrate data were available and grey symbols to sites where
both macroinvertebrate and bryophyte data were available.
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3.2 Species data

In paper I, species data were obtained by sampling littoral macroinvertebrate
communities in each study lake in early September 2005, 2006 and 2007. We
collected ten kick samples (hand net 30 x 25 cm, mesh size 0.5 mm) at each site,
and three 15-20 m long stony littoral sites were sampled in each lake following
the national standard (SFS-EN 28265).

In papers II and III (for the test sites only), biological sampling was
conducted between early July and the beginning of September, 40 sites being
sampled in 2006 and ten sites in 2007. All classes of naturalness were equally
represented in both years. Bryophytes were sampled using ten 0.5 x 0.5 m plots
placed across the study section. We estimated the percentage cover of each
species in a plot, and the mean cover of a species per site was used in data
analyses. After quantitative sampling, a thorough search was conducted to detect
rare species not included in the regular plots. These species were given the
percentage coverage of 0.1% at the site level.

Diatoms were sampled by randomly picking ten cobble-sized stones at each
site. The top surface of a stone was brushed using a template (3 cm x 3 cm) and
the ten samples were then pooled to form a composite sample for a site. In the
laboratory, samples were cleaned from organic material using wet combustion
with hydrogen peroxide, and were then mounted in Naphrax. A total of 500
frustules per sample were identified to species level according to Krammer &
Lange-Bertalot (1986—1991) and Lange-Bertalot & Metzeltin (1996) using phase
contrast light microscope. Frustules that could not be identified to species level
and species with inconsistent identifications (usually <0.5% of total count) were
excluded from all analyses.

Macroinvertebrates were sampled in autumn when most aquatic species in
boreal streams are in their larval stage (see Nilsson 1996). We took a 2-min kick
sample (mesh size 300 um) at each site, consisting of four 30-s subsamples,
aiming to cover most benthic microhabitats present in a riffle section. Samples
were preserved in 70% ethanol in the field and identified later in the laboratory,
usually to species or genus level. Eight sites selected for inter-annual monitoring
were sampled in 2006-2011 (from late September to early October each year) for
macroinvertebrates and bryophytes using the same methods as above.

In paper III, the REF data set consisted of macroinvertebrate and bryophyte
data sampled between 1992 and 2010 by our research group, Finnish
Environment Institute or regional environmental centres. The sampling
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procedures of these data complied with those of the test sites. Macroinvertebrate
data included 84 REF sites. Bryophyte data were only available for 58 REF sites

(Fig 1).

3.3 Environmental data

In paper I, depth and percentage of each particle size (modified Wentworth scale,
from 0 = sand to 6 = bedrock) were measured for each sample. Water chemistry
variables and catchment land use variables were obtained from the national
database OIVA (OIVA 2010).

In paper II, riparian variables included riparian integrity (% riparian zone
without human impact), amount of dead wood, number of stumps and riparian
tree species composition. All variables were assessed on both sides along the 50-
m study reach. The maximum and mean tree heights (roughly corresponding to
forest age; e.g. Hokkd & Ojansuu, 2004) were measured with a laser rangefinder
(Optilogic 400LH, Tullahoma). Basal area of the tree stand was measured with a
relascope as a cross-section area (m?) of trees at breast height per hectare. In-
stream variables in paper II were measured from ten evenly spaced cross-channel
transects covering the whole 50-m study site. Depth and current velocity were
measured at three locations in each transect, one measurement being taken at the
centre of a transect, the other two at 0.25 and 0.75 x the width of the transect.
Substratum size was determined as the weighted average of different particle size
classes in ten 1-m? plots using modified Wentworth scale. Substratum diversity
(Simpson diversity index) as well as coefficients of variation for depth and
current velocity were used to describe in-stream habitat heterogeneity. Stream
slope (cm m™") was measured using a carpenter’s level. The amount of dead wood
in the stream channel was quantified by measuring the length and average
diameter of each wood particle at least 5 cm in diameter that reached the wetted
width of the study site. Water samples were collected simultaneously with
macroinvertebrates, and were analysed for pH, conductivity, total phosphorus and
colour following national standards (National Board of Waters 1981). Water
temperature was measured two to four times during the summer, but because all
measurements were strongly correlated, we only used August water temperature
which best distinguished between the sites. Channel width was measured in five
cross-stream transects. Shading by overhanging vegetation (% canopy cover) was
measured with densiometer at 20 locations in evenly spaced cross-channel
transects covering the whole study section.
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Various environmental variables used for calibrating the predictive models in
paper III (geographical position, catchment size, land use and surface geology)
were obtained with GIS by using ArcMap 10 Desktop (ESRI 2011) (see Appendix
Table 1 for list of variables and source databases). Water pH, conductivity, colour,
total phosphorus, riparian disturbance, average tree height and substratum size
used for evaluating the relationship between taxonomic completeness and
environmental integrity of test sites were obtained from paper II. We also used
GIS to evaluate drainage intensity for each site as the overall density of ditches
(km km™) in the upstream catchment and the number of ditches flowing directly
into the stream in a 1500-m section upstream of a site.

3.4 Statistical analysis

Biodiversity, here defined as ‘variety and abundance of species in a defined unit
of study’ (Magurran 2004), can be measured in many different ways depending on
the perspective of a study. While a diversity measures (e.g. species richness,
Simpsons diversity and evenness) emphasise diversity in a defined community or
habitat, 3 diversity stresses the degree to which the diversity of two or more study
units differ (Magurran 2004). B diversity measures can be further divided by their
use. Here we first measured B diversity in littoral macroinvertebrate communities
(paper I) by examining the extent of the difference between spatially defined units
of a diversity relative to total species richness (y diversity; Whittaker 1960).
Secondly we measured B diversity as dissimilarity measures (paper 1 and II)
focusing on differences in species composition between units of a diversity. In
papers I and II we also measured a diversity as species richness and Shannon
diversity, and in paper III we analysed temporal variation in communities of
different classes of naturalness, measured as taxonomic completeness (occurrence
of native biota).

Table 1 summarizes the statistical methods used in each paper and explains
the main objectives of different methods. In paper I, we used a multiplicative
partitioning of true diversities (species richness, Shannon diversity) for
identifying the most important scale(s) of variation of benthic macroinvertebrate
communities across several hierarchical scales, from individual samples to
multiple littorals, lakes and years. In this approach, regional species diversity (y)
is partitioned into its within-sample (o) and among-sample diversity (p)
multiplicatively where y is the product of o and B (Whittaker 1960).
Multiplicative diversity partitioning results in o that is the mean number of
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species across sampling units within a specified scale, y is the total number of
species and B is the number of taxonomically distinct sampling units within the
same scale. Most classical diversity indices do not measure diversity per se and
must be converted to numbers equivalents (‘true diversities’ or Hills number) in
any approach to diversity partitioning (Jost 2007, Chao et al. 2012). Numbers
equivalents refer to the number of equally likely elements needed to produce a
given value of a diversity index (Jost 2007, Baselga, 2010, Jost et al. 2010). We
used both species richness (which is its own numbers equivalent) and Shannon’s
entropy (H’) which was converted to numbers equivalents by taking its
exponential (exp(H’))(see Jost 2007). We also assessed relative importance of
different sampling scales for macroinvertebrate abundance and scale dependent
variation in habitat heterogeneity by Nested ANOVA. For studying variation in
community composition at each hierarchical scale, we compared the mean within-
and between-group distances using mean similarity dendrograms (MSD, Van
Sickle 1997, Parsons et al. 2003). For assessing whether dominant and rare
species exhibited differing patterns of diversity variation through space and time,
we formed two non-overlapping species groups, type-specific (dominant) vs. rare
taxa. The list of type-specific taxa was defined using the threshold value of > 0.4
for probability of capture in a data set from 57 littoral sites in 23 humic lakes in
southeastern Finland (OIVA 2010), and rare species were defined as those with a
proportional abundance of < 0.05% of total community abundance (e.g. Gering et
al. 2003) across our own data set. Multiplicative diversity partitioning was run
separately for both of these species groups.

In paper II, we first confirmed the gradient of environmental degradation by
subjecting riparian and in-stream physical environmental variables separately to
principal component analysis (PCA). We studied differences among status classes
in species diversity, separately for each taxonomic group with one-way ANOVA.
We performed ANOVA also for differences among status classes in the number of
red-listed species (IUCN categories NT-CR). This could only be done for
bryophytes and macroinvertebrates, for which information on the red-list status
was available. For bryophytes, we used a regional red-list (Sammaltyoryhma
2013) whereas for macroinvertebrates, national red-list was used (Rassi et al.
2010). Prior to analysis, we combined invertebrates and bryophytes into a single
measure of red-listed species number to avoid problems of highly unbalanced
data (i.e. many sites lacking red-listed species). We used stepwise multiple linear
regression with forward—backward selection to associate species richness to key
environmental variables and Non-metric multidimensional scaling (NMDS)
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ordinations based on abundance data (Bray—Curtis dissimilarity) to reveal patterns
in community composition. For testing significant differences in community
structure between status classes we used multivariate analysis of variance for
distances (Adonis, Oksanen et al. 2010).

In paper III, we measured taxonomic completeness based on the Reference
Condition Approach (RCA), in which the current biological status of test sites is
compared to a reference status that represents the best attainable condition
(Stoddard et al. 2006). We used RCA-based modelling technique River
InVertebrate Prediction And Classification System (RIVPACS; Moss et al. 1987).
The technique uses environmental characteristics to predict the species
composition of a site in the absence of human impact, and then compares the
observed species composition with the predicted one (O/E ratio i.e. taxonomic
completeness; Hawkins 2006). An O/E ratio close to 1.0 indicates a high
biological integrity of a site. Prior to the development of RIVPACS models, we
randomly subdivided the REF data into two subsets: calibration sites (CAL) for
model construction (n = 74 and 50 for macroinvertebrates and bryophytes,
respectively) and validation sites (VLD) (n = 10 and 8, respectively) for the
evaluation of the precision and accuracy of the models. We developed separate
predictive models for macroinvertebrates and bryophytes using data from the
CAL sites. We also calculated taxonomic completeness values for rare species (as
the index of conservation value, CV) (Linke & Norris 2003) by including only
locally rare species (probability of capture < 0.5 for macroinvertebrates; p < 0,35
for bryophytes), which were excluded from the original model. Specifics of
RIVPACS model construction are described in paper III.

To test for the consistency of the a priori status classification method (based
on the physical structure of the stream channel and its riparian forest) in relation
to taxonomic completeness, we first set boundaries between the high (i.e.
reference) and impacted status (procedure similar to Water Framework Directive
guidance; see Wallin et al. 2003) for macroinvertebrate and bryophyte taxonomic
completeness. For that purpose, we calculated the 25" percentile of CAL-site
taxonomic completeness and then divided the interval between the 25™ percentile
and zero into four evenly spaced intervals to create class boundaries between
‘good’, ‘moderate’, ‘poor’ and ‘bad’ status. All test sites not reaching good status
were considered to be impacted in relation to their taxonomic completeness. Last,
we calculated the proportion of test sites for which the physically defined class
matched the corresponding class defined by taxonomic completeness. We also
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used one-way ANOVA, followed by Tukey’s test, to test for differences between
taxonomic completeness among the three inventory status classes.

Finally, we evaluated the relationships between taxonomic completeness and
variables describing environmental integrity with linear regression models. Prior
to that, we summarized environmental variables using Principal Component
Analysis (R Core Team 2008).

To examine if the taxonomic completeness of the eight sites monitored
through time varied annually, we used linear mixed-effects models fitted by
restricted maximum likelihood. Physical status class (2 or 3) was used as a fixed
effect and years nested within sites as random effect in the models.
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Table 1. Statistical analysis and objectives of each analysis.

Paper

Method

Objective

Multiplicative diversity partitioning

Nested ANOVA

Mean similarity dendrograms (MSD)

Principal component analysis (PCA)

One-way ANOVA

Stepwise multiple linear regression

Non metric multidimensional scaling (NMDS)

Adonis

River InVertebrate Prediction And

Classification System (RIVPACS)
One-way ANOVA

Principal Component Analysis (PCA)

Linear regression

Linear mixed effects models (LMM)

To identify the most important scale(s) of
variation of benthic macroinvertebrate
richness

To assess: 1) the relative importance of
different sampling scales to
macroinvertebrate abundance variation and
2) scale-dependent variation in habitat
heterogeneity

To assess the among-scale variability of
benthic macroinvertebrate community
composition

To test for gradient of environmental
degradation in riparian and in-stream
physical variables

To test for differences among status classes
in species richness and number of red-listed
species

To associate species richness to key
environmental variables

To graphically understand patterns in
community composition

To test for significant differences in
community composition between status
classes

To predict native species composition of
macroinvertebrates and bryophytes

To test for differences between taxonomic
completeness among different status of
naturalness

To identify the main environmental gradients
To explore the relationships between
taxonomic completeness and environmental
stressor gradients

To examine if taxonomic completeness

monitored through time varied annually
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4 Results and Discussion

4.1 Natural biodiversity patterns in lake littorals

A single benthic sample (al) contained on average 23% of the regional
macroinvertebrate species pool of our study lakes across three consecutive years.
Within-littoral (i.e. among samples) variation was clearly the major factor
comprising regional diversity in our study. Broader spatial scales (between
littorals, between lakes) of beta-diversity were less important although littorals
within a lake still differed enough to warrant sampling of repeated littorals to
capture benthic diversity present in a lake. The interannual (4) component was
the smallest of all.

The high within-littoral variation in benthic diversity probably reflects the
well-known aggregative distribution of benthic invertebrates in lake littorals
(Downing 1991, Stoffels et al. 2003). As we found that the greatest contribution
by within-littoral variation to overall richness of benthic invertebrates paralleled
with greatest variation of substratum heterogeneity at the same scale, it seems that
habitat heterogeneity is the key environmental variable shaping sample-scale
macroinvertebrate communities also in stony lake littorals as it is known to be in
stream riffles (e.g. Johnson et al. 2004). Also Stoffels et al. (2005) showed in
New Zealand that the within-littoral substrate composition was an important
driver of spatial patterns in benthic invertebrate community structure, but
community structure varied also among lake littorals, reflecting probably the
littoral zone topography, wave exposure and allochthonous inputs.

With Shannon’s true diversity, which places more emphasis on dominant
species, the sample scale alpha diversity (al) accounted for an even larger
proportion (in total 58%) of the regional macroinvertebrate species pool,
indicating that the overall diversity variation was largely determined by the same
set of common taxa, most of which were found within any one littoral. For type-
specific taxa, practically all of the regional diversity was included at the within-
littoral (al1*B1) scale, and no temporal replication was needed to capture almost
all type-specific taxa. By contrast, only a very small proportion of the regional
species pool of rare taxa was found in an average benthic sample, and all levels of
B diversity, including the interannual component, contributed importantly to
regional diversity of rare species. Mean similarity dendrograms showed that also
community composition varied quite strongly through time, community similarity
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being slightly higher at finer spatial scales. The overall level of similarity was 20%
higher for type-specific than all taxa.

In a 100-year comparison, water levels in the second sampling year (2006)
were record low, while in 2005 and 2007 it did not deviate from the long-term
average (OIVA 2010). The low water level decreased sampling depths and
affected positively the abundances of macroinvertebrates in year 2006, either
because of easier use of the hand net in shallow water or an actual increase in
macroinvertebrate abundances. Nevertheless, the amount of temporal community
variation was relatively coherent in all lakes, indicating that the record-dry
summer conditions affected similarly communities of all lakes. Correspondingly,
Huttunen et al. (2014) found that temporal variation of boreal stream
communities in hydrologically extreme years is coherent, although in their study
decreased precipitation led to a drastic decrease in total abundance of stream
macroinvertebrates across a broad spatial extent.

Freshwater bioassessment has typically focused only on dominant species,
while rare taxa are considered to produce only weak signals of environmental
change (Marchant 2002). Core species of the community are thought to have
strong association with niche-related processes, while transient species follow a
more stochastic pattern (e.g. Magurran & Henderson 2003, Belmaker 2009).
These conclusions seem also valid for our benthic communities, as a large
proportion of the rare taxa had low affinity to lake littorals and were therefore
likely to be regulated by stochastic climatic events and the drought of 2006.

4.2 Human induced biodiversity patterns in headwater streams

The overall taxonomic richness of most aquatic organism groups, as well as the
number of red-listed species, responded negatively to environmental degradation
of headwater streams and their riparian forest. The main human stressors affecting
species richness and changes in community composition were generally related to
substratum homogenization following from the accumulation of fine sediments.
Also the loss of bryophyte cover (due mainly to sedimentation) shaped the
communities and affected negatively the species richness of many
macroinvertebrate groups.

Our results correspond well with other studies dealing with the dependence of
macroinvertebrate and bryophyte richness on the pristine habitat structure.
Intensive silviculture, which is practiced almost throughout Finland, decreases the
amount of in-stream large wood, which is an important factor for stream
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ecosystem heterogeneity and as a refuge for organisms (Flores et al. 2011,
Koljonen et al. 2012). Cutting of riparian forests also changes canopy shading,
which has a direct impact on the productivity and richness of diatoms (Danehy et
al. 2007). In our study, benthic diatoms showed no clear response to site
degradation, either in terms of species richness or community composition, which
might be explained by the overriding importance of water chemistry variables for
diatoms.

The main reason for the excessive input of fine sediments in the study area is
catchment drainage (Hyvonen ef al. 2005). Catchment drainage is known to cause
in-stream habitat impairment (Holden et al. 2004). Several other studies have also
found negative effects of forestry-induced sedimentation on benthic invertebrates
(Vuori & Joensuu 1996, Shaw & Richardson 2001, Pollard & Yuan 2010) and
abundance of bryophytes (Englund 1991, Muotka & Virtanen 1995). Because the
amount of aquatic bryophytes is an important factor for diatoms through habitat
complexity (Soininen & Heino 2007) and for benthic macroinvertebrates via flow
refuge and trapping of organic material (Suren & Winterbourn 1992, Muotka &
Laasonen 2002), negative effects of sedimentation on stream communities may be
particularly severe in headwater systems naturally rich with bryophytes.

We can quite safely conclude that pristine riparian setting indicates higher in-
stream species richness and number of red-listed species (II), and we also found
corresponding, albeit less strong evidence for taxonomic completeness, which
was used to assess the ecological condition of our study sites in relation to
independent and geographically more extended reference data set (III). Both
macroinvertebrate and bryophyte taxonomic completeness showed differentiation
between pristine and strongly modified sites and was negatively related to amount
of fine sediments on stream bed. Taxonomic completeness of macroinvertebrates
was significantly higher in the pristine sites than in slightly and strongly modified
sites, whereas taxonomic completeness of bryophytes was higher in both pristine
and slightly modified sites than in strongly modified sites. However, quite a few
sites were still classified into incorrect (better or worse) physical status class
according to taxonomic completeness. This was particularly true for sites a priori
classified as slightly modified. Based on taxonomic completeness of
macroinvertebrates and bryophytes, respectively 30 and 50% of slightly modified
sites were actually in good ecological condition.

The observed differences in taxonomic completeness of the sites a priori
classified as pristine and strongly modified indicates relatively good performance
of physical classification of the rapid habitat classification approach also in terms
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of independent and geographically more extended data. Physical status
classification was largely able to identify pristine and strongly modified sites
according to taxonomic completeness, but reliable classification of slightly
modified class was more problematic. There might be multiple explanations for
the weaker identification of the slightly modified sites. First, headwater
communities may be affected also by land-use impacts that occur at a larger scale
than the physical status classification of the riparian forest is focused on.
Although some studies show that stream communities are more related to land use
on near-stream riparian areas than at the catchment scale land use (e.g. Sponseller
et al. 2001, Rios & Bailey 2006), others have reported present day catchment
variables to be almost equally important (Sandin 2009), or historical catchment
land use to be even the most important predictor of macroinvertebrate community
structure (Harding et al. 1998). Riverine ecosystems are also sensitive to remote
land-use changes due to strong reciprocal effects between upstream and
downstream habitats (see McCluney et al. 2014). However, the physical status
class of a stream section was assessed by mainly visually estimated variables of
the local stream channel and forest land use in the adjacent riparian area, and thus
the method is not suited for detecting possible upstream (or downstream) land-use
impacts on metacommunity dynamics of the stream biota. Even though our study
sites had a minimum of a 300-m long upstream buffer consisting of the same
physical status class, this might be too little in some severely impacted reaches to
observe diversity patterns unaffected by upstream or downstream land-use
impacts.

Achieving site classification consistent with the diversity patterns for the
slightly modified sites might be particularly challenging also because the
classification method used sums up different variables that are possibly unequally
important stressors for stream organisms. Some of the forestry impacts on
biological communities in boreal streams are subtle (Huttunen ef al. 2012) and
may have few direct consequences on biological communities. On the other hand,
the classification method may be unable to detect subtle differences in the habitat
structure of the slightly modified sites that may, however, be important
determinants for the biota (e.g. the actual amount of fine sediments).

Taxonomic completeness of the less common taxa (i.e. the CV index) showed
that the pristine riparian setting may provide adequate protection for even the
rarest component of the bryophyte flora. For macroinvertebrates, however, also
several sites defined a priori as degraded contained conservation values in terms
of rare taxa occurrence. We also observed several red-listed species in sites
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defined a priori as slightly modified, albeit the total amount of red-listed species
occurrence was higher in pristine streams (II). Results based on species richness,
taxonomic completeness, CV index and number of red-listed species all provide a
slightly different aspect to the community responses to human land use changes.
While species richness gives equal weight to all species, the taxonomic
completeness focuses only to common species (probability of capture >50% in
CAL data). CV index measures only the rare species, which may not, however, be
endangered or vulnerable, but only regionally rare, while the number of red-listed
species counts only truly endangered or vulnerable species. Common and rare
species often differ in their dispersal abilities, life-history strategies (Kunin &
Gaston 1993) and environmental preferences (Magurran & Henderson 2003),
which may cause them to respond differently to habitat changes. While the
occurrence of transient species may be stochastic, the diversity of truly
endangered species may show a stronger response to habitat impairment because
of, for example, more specialized environmental requirements and/or because of
lower dispersal ability or smaller source populations to re-colonise disturbed sites.
In our data, however, all different diversity metrics showed somewhat paralleling
relationship with the human disturbance gradient indicating that human-induced
land-use changes affect similarly both common and rare species. Reason for
finding conservation values and red-listed species also from sites defined a priory
as degraded, may be that these sites offer secondary habitats for sink populations
and may not be adequate for sustaining persistent populations.

The eight streams monitored through time showed little temporal variability
in taxonomic completeness. For macroinvertebrates, status classes did not differ
in how they varied through time but slightly modified sites had somewhat lower
taxonomic completeness than the pristine streams, whereas for bryophytes both
status classes showed consistently high taxonomic completeness. The natural sites
retained their a priori status class nearly always but the two taxonomic groups
differed considerably in how they identified the slightly modified sites: one third
of the times slight impairment was identified correctly by the macroinvertebrate
data, but bryophytes failed consistently in identifying these sites as different from
the reference.

In the temporally restricted larger data set, the taxonomic completeness of
bryophytes and macroinvertebrates correlated fairly strongly across all sites, but
the within-status-class correlations were weaker, being significant only for the
slightly modified class. The degree of community concordance of different stream
organisms is often rather low, mainly because of deviating environmental
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responses (Heino et al. 2003, Paavola et al. 2006, Padial ef al. 2012). Our results
suggest that even though the diversity patterns of macroinvertebrates and
bryophytes were parallel, the sensitivity of these groups to various intensity of
human disturbance may differ (see also e.g Mykri et al. 2008). Consequently, our
results caution against making conclusions about the performance of pristine
riparian setting as a conservation tool for freshwater biota based merely on one
taxonomic group.

Our results also caution against making conclusions about stream integrity
based on only one year data. Even though the temporal variability in taxonomic
completeness was subtle, it was still sufficient to lead to frequent
misclassifications. The ecological status of many slightly modified sites may be
so close to the status class boundary that even small temporal variation in
taxonomic completeness may lead to misclassification, similar to the findings of
Huttunen et al. (2012). Nevertheless, temporal variation of taxonomic
completeness was slightly larger in modified streams and thus temporal
monitoring seems even more crucial for modified than pristine sites.
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5 Conclusions and implications for
management

Understanding the variation of biodiversity in lake and riverine systems is
important for providing insight not only into how biotic communities respond to
scale-dependent factors, but also into the underlying anthropogenic and natural
factors that generate patterns of biodiversity across scales. This is essential for
ensuring that conservation, restoration and management actions are targeted
efficiently on appropriate scales to preserve the rapidly declining freshwater
biodiversity also for future generations.

Natural variation of littoral macroinvertebrate communities is mainly
generated at the littoral scale and even spatially restricted (e.g. one littoral within
a lake), single-year sampling will detect a great majority of the ubiquitous
macroinvertebrate taxa that typically dominate the regional species pool, while
most rare species, and therefore a great proportion of gamma-diversity, will
remain undetected if interannual sampling is not included. Assessment based on
one year data may thus be reliable if the aim is to catch only the dominant species
(e.g. type specific taxa), (that is, those commonly used in freshwater assessment),
but for comprehensive biodiversity surveys, temporally repeated sampling is
essential to capture also the majority of rare species. Our findings stress the
importance of detecting patterns caused by rare and common species separately
and rigorously assessing the relevance of these patterns for freshwater
management and/or conservation programs. Freshwater communities are
controlled by different processes at different spatial and temporal scales and these
processes affect rare and common species differently. Studies focusing solely on
species richness are ultimately weighted towards rare species, whereas
bioassessment techniques based on the Reference Condition Approach usually
focus on common species. In any case, all bioassessment methods ignoring
abundance differences may be blind to environmental stressors that force
assemblages to undergo slow compositional changes. It should be noted also that,
similar to streams (see Feio et al. 2010), human-impacted lakes may exhibit more
inter-annual variability than corresponding pristine lakes. This relationship
remains untested and should be considered in the future development of
assessment-related research and protocols.

Similar to Feio et al. (2010), we observed that too restricted a time scale may
bias assessment results, particularly for impacted headwater streams. We observed
frequent misclassifications on the status-class boundary corresponding the
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boundary between classes ‘good’ and ‘moderate’ in the EU Water Framework
Directive. As this boundary is decisive for management actions, temporal
variability in status assessment is particularly problematic, emphasizing the
importance of long-term monitoring of impacted running waters. We also
observed slightly different responses of bryophyte and macroinvertebrate
biodiversity to land-use changes, indicating that these taxonomic groups may
provide complementary information about human disturbance and neither one of
them should preferably not be used as the only target group in monitoring.

As a rapid conservation or restoration prioritization tool, the physical status
classification of the stream channel and its riparian forest was partially successful,
by being largely able to separate the clearly impacted sites from the pristine and
near-pristine ones, but the identification of slightly modified sites was less
reliable. These problems indicate that to be able to effectively detect the most
subtle differences in moderately impacted streams, an environmental surrogate
method would need to be weighted more towards the most important stressors in
each particular situation and be based on more quantitative variables instead of
averaged qualitative classes. One such variable might be stream bed stability,
although it may be difficult to be measured in rapid inventories. Also information
about the age and intensity of catchment-scale land-uses might enhance the
performance of the environmental classification as a surrogate method for
biological responses, producing a more robust classification especially for the
moderately impacted sites. Nevertheless, such rapid classification methods are
needed for practical conservation and management of freshwater ecosystems. The
physical status classification protocol tested here seems to serve this purpose
relatively well.

The strong dependence of freshwater communities on the terrestrial setting is
expected given that headwater streams and their riparian forests are tightly
interlinked systems that exchange organic and inorganic matter in the form of
nutrients, leaves, wood and insects. The degradation of either one of these
interlinked systems ultimately affects also the food webs of the other system (see
Baxter ef al. 2005). Thus, the integrated conservation and management of streams
and their riparian forests would be necessary but, unfortunately, have been
developed in isolation. In forest conservation, riparian corridors are considered
mainly as valuable diversity hot spots for forest biodiversity, or as dispersal
pathways (Marczak et al. 2010), whereas in freshwater conservation, riparian
forests act mainly as buffer zones to reduce land-use impacts (Richardson &
Danehy 2007, Sweeney et al. 2004). Accordingly, streamside forests, as one of
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the woodland key habitats (WKHs) of the Finnish Forest Act (see Pykild 2007),
are designated to protect forest biodiversity, whereas water legislation is focused
on protecting solely the aquatic environment.

Our results suggest that streamside WKHs, although initially targeted only at
the conservation of the terrestrial biodiversity, may incidentally also preserve part
of the headwater biota. However, as we found conservation values also from sites
a priori classified as degraded, streamside WKHs may need to be complemented
by sites that, based on their physical appearance, may seem impacted by, for
example, historical forestry effects. Notably, our pristine study sites were not
surrounded by forest cuttings and we therefore do not know if the narrow (often
only 10 m) streamside WKHs provide any protection for the stream biodiversity if
they were surrounded by standard clear cutting of commercial forests. Many
studies have stressed that an effective buffer needs to be at least 30 meters on both
sides of the channel to retain the biological characteristics of a stream and to
prevent chemical and physical changes in stream water after clear cutting (e.g.
Castelle ef al. 1994, Hylander et al. 2002).

Nevertheless, our results emphasize the need of controlling the catchment
land-use effects in the conservation and management of headwater systems, and
urge to study the state of rivers and streams in tight linkage with their catchments.
Integrated conservation, management and restoration of streams and their riparian
forests would benefit biodiversity conservation of both systems. Thus
conservation of aquatic and terrestrial systems should be developed as an entity,
and more collaboration between forest and freshwater scientists, as well as
managers, is urgently needed.
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Appendix

Table 1. Description of the GIS variables used in paper Ill.

Variable

Specification of the measurements and data source

Slope

Drainege intensity

Number of ditches

Distance to upstream

lake (m)

Catchment area (km2)

Peatland

Lakes

Agriculture
Pasture

Open bogs
Deciduos forests
Coniferous forests
Mixed forests
Logged forests
Ultrabasic bedrock

Basic bedrock
Neutral bedrock
Acidic bedrock

Mineral deposition

Peatland deposition

For 500 m up- and downstream of a site; Digital elevation model, 10m x 10m,
2009. (National Land Survey of Finland, 2009;
http://www.maanmittauslaitos.fi/en/digituotteet/ elevation-model-25-m)

Overall density of ditches (km km'2) in the upstream catchment; Topographical
database, 1:10 000, 2009. (National Land Survey of Finland, 2009;
http://www.maanmittauslaitos.fi/en/ digituotteet/topographic-database)
Number of ditches flowing directly into the stream (50m buffer) in a 1500-m
section upstream of a site; Topographical database, 1:10 000, 2009.
Topographical database, 1:10 000, 2009.

Digital elevation model, 10m x 10m, 2009.

% of topsoil in the drainage area; CORINE Land Cover 2006. (Finnish
Environment Insitute, 2006; http://sia.eionet.europa.eu/ CLC2006)

% in the drainage area; CORINE Land Cover 2006.

% in the drainage area; CORINE Land Cover 2006.

% in the drainage area; CORINE Land Cover 2006.

% in the drainage area; CORINE Land Cover 2006.

% in the drainage area; CORINE Land Cover 2006.

% in the drainage area; CORINE Land Cover 2006.

% in the drainage area; CORINE Land Cover 2006.

% in the drainage area; CORINE Land Cover 2006.

% of bedrock in the drainage area; Bedrock Map 1:1 000 000, 1997.
(Geological Survey of Finland, 1997;
https://sui.csc.fi/applications/paituli/meta/dokumentit/gtk/kp_milj/SKTSHP.pdf)
% of bedrock in the drainage area; Bedrock Map 1:1 000 000, 1997.

% of bedrock in the drainage area; Bedrock Map 1:1 000 000, 1997.

% of bedrock in the drainage area; Bedrock Map 1:1 000 000, 1997.

% of subsoil in the drainage area; Superficial Lithology, 1: 1 000 000, 2010.
(Geological Survey of Finland, 2010;
http://arkisto.gtk.fi/metatieto/onegeologywp3-dataspecv5.pdf)

% of subsoil in the drainage area; Superficial Lithology, 1: 1 000 000, 2010.

51



52



Original articles

I Suurkuukka H, Meissner K & Muotka T (2012) Species turnover in lake littorals:
spatial and temporal variation of benthic macroinvertebrate diversity and community
composition. Diversity and Distributions 18: 931-941.

I Suurkuukka H, Virtanen R, Suorsa V, Soininen J, Paasivirta L & Muotka T (2013)
Woodland key habitats and stream biodiversity: Does small-scale terrestrial
conservation enhance the protection of stream biota? Biological Conservation 170:
10-19.

I Jyvésjarvi J, Suurkuukka H, Virtanen R, Aroviita J & Muotka T (2014) Does the
taxonomic completeness of headwater stream assemblages reflect the conservation
status of the riparian forest? Forest Ecology and Management 334: 293-300.

Reprinted with permission from John Wiley and Sons (I) and Elsevier (11, III).

Original publications are not included in the electronic version of the dissertation.

53



54



630.

631.
632.

633.

634.

635.

636.

637.

638.

639.

640.

641.

642.

643.

644.

645.

ACTA UNIVERSITATIS OULUENSIS
SERIES A SCIENTIAE RERUM NATURALIUM

Stibe, Agnis (2014) Socially influencing systems : persuading people to engage with
publicly displayed Twitter-based systems

Sutor, Stephan R. (2014) Large-scale high-performance video surveillance

Niskanen, Alina (2014) Selection and genetic diversity in the major
histocompatibility complex genes of wolves and dogs

Tuomikoski, Sari (2014) Utilisation of gasification carbon residues : activation,
characterisation and use as an adsorbent

Hyysalo, Jarkko (2014) Supporting collaborative development : cognitive
challenges and solutions of developing embedded systems

Immonen, Ninna (2014) Glaciations and climate in the Cenozoic Arctic : evidence
from microtextures of ice-rafted quartz grains

Kekkonen, Piivi (2014) Characterization of thermally modified wood by NMR
spectroscopy : microstructure and moisture components

Pietila, Heidi (2014) Development of analytical methods for ultra-trace
determination of total mercury and methyl mercury in natural water and peat soil
samples for environmental monitoring

Kortelainen, Tuomas (2014) On iteration-based security flaws in modern hash
functions

Holma-Suutari, Anniina (2014) Harmful agents (PCDD/Fs, PCBs, and PBDEs) in
Finnish reindeer (Rangifer tarandus tarandus) and moose (Alces alces)

Lankila, Tiina (2014) Residential area and health : a study of the Northern Finland
Birth Cohort 1966

Zhou, Yongfeng (2014) Demographic history and climatic adaptation in ecological
divergence between two closely related parapatric pine species

Kraus, Klemens (2014) Security management process in distributed, large scale
high performance systems

Toivainen, Tuomas (2014) Genetic consequences of directional selection in
Arabidopsis lyrata

Sutela, Suvi (2014) Genetically modified silver birch and hybrid aspen — target and
non-target effects of introduced traits

Viisanen, Maria (2014) Ecosystem-level consequences of climate warming in
tundra under differing grazing pressures by reindeer

Book orders:
Granum: Virtual book store
http://granum.uta.fi/granum/



UNIVERSITY OF OULU P.O. Box 8000 FI-90014 UNIVERSITY OF OULU FINLAND

ACTA UNIVERSITATIS OULUENSIS

S ERI1ES EDITORS

ANTIAE RERUM NATURALIUM

Professor Esa Hohtola

@

ANIORA

University Lecturer Santeri Palviainen

NICA

Postdoctoral research fellow Sanna Taskila

910

ICA

Professor Olli Vuolteenaho

ENTIAE RERUM SOCIALIUM

University Lecturer Veli-Matti Ulvinen

IPTA ACADEMICA
Director Sinikka Eskelinen

g) 7

NOMICA

Professor Jari Juga

EDITOR IN CHIEF

Professor Olli Vuolteenaho
PUBLICATIONS EDITOR

Publications Editor Kirsti Nurkkala

ISBN 978-952-62-0707-0 (Paperback)
ISBN 978-952-62-0708-7 (PDF) UNIVERS |TEU?5NCY)UE)JP%%

ISSN 0355-3191 (Print)
ISSN 1796-220X (Online)




	Abstract
	Tiivistelmä
	Acknowledgements
	Abbreviations
	List of original articles
	Table of contents
	1 Introduction
	2 Aims of the study
	3 Materials and methods
	3.1 Study areas
	3.2 Species data
	3.3 Environmental data
	3.4 Statistical analysis

	4 Results and Discussion
	4.1 Natural biodiversity patterns in lake littorals
	4.2 Human induced biodiversity patterns in headwater streams

	5 Conclusions and implications formanagement
	References
	Appendix
	Original articles



