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Session 1.1 Oral Presentations
Artic and Alpine Biodiversity and Ecology

Upward shift of alpine plants increases floristic similarity of mountain
summits

Gerald Jurasinski
Author information missing

Plant species might shift there ranges as a response to ongoing climate warming.
Mountain Summits provide an ideal natural observatory for range shifts on a relatively
small scale. However, baseline data reaching back in history are rather scarce. Where
they are available, upward shifts of species ranges are already observable.

Based on a data set from a previous study of Summits in the Bernina region of the
Swiss Alps that in part dates back to 1907 (relevés were obtained by Riibel) we
expanded the analysis from a pure species richness approach to beta-diversity and
spatial heterogeneity. We hypothesized that the upward shift of species, induced by
climate change, leads to homogenization of Alpine summit vegetation.

We compared the species composition on mountain summits at three steps in time
(1907, 1980, 2003) using a two-component heterogeneity concept including the mean
and the variance of Serensen similarities calculated between the summits. Non-metric
multidimensional scaling has been applied to explore the developments of single
summits in detail.

Both heterogeneity components (mean dissimilarity and variance) have been
found to decrease over time, indicating a trend towards more homogeneous vegetation
among Alpine summits. However, the development on single summits is not strictly
unidirectional. We show that the upward shift of plant species leads to homogenization
of alpine summit regions. Thus, increasing alpha-diversity is accompanied by
decreasing beta-diversity. Beta-diversity demands higher recognition by scientists as
well as nature conservationists as it detects changes which cannot be described using
species richness or other coefficients of alpha-diversity alone.
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Barriers for colonization and range expansion of subarctic plants in a
future climate

Ann Milbau (1,2), Bente Graae (2 )& Ivan Nijs (1)
(1) University of Antwerp, Universiteitsplein 1, 2610 Wilrijk, Belgium
(2) Climate Impacts Research Centre, Umed University, 98107 Abisko, Sweden

In the autumn of 2007, we set up a large seed-sowing experiment along an
altitudinal gradient (resembling a temperature gradient; maximum temperature
difference +/- 3°C) near the subarctic research station of Abisko, Northern Sweden
(68°21'N, 18°49'E). At each of 5 different altitudes (between 500 and 900 m a.s.l), seeds
of 24 different species, belonging to different growth forms and varying in their current
distributions, were sown in 4 different vegetation types (20 combinations of altitude x
vegetation type; 3 replicates each; 60 plots in total). The selected vegetation types (Salix
shrubs, herbs, rich heath and poor heath) corresponded with a snow depth gradient. To
compare germination and seedling establishment between disturbed and intact
vegetation, we created in each plot 3 disturbance treatments (no disturbance, gaps of 3
cm diameter and gaps of 6 cm diameter) for each of the 24 species. To avoid
misidentification of the seedlings, all species (each time 30 seeds) were sown in
individual gaps (or intact vegetation).

In this study we focus both on the influence of the colonizing species (growth
form, functional type, seed mass, ...) and the colonized (or invaded) plant communities.
Apart from the effects of altitude, vegetation type and disturbance, we measure a wide
range of biotic (biomass, % cover, species composition, species richness, functional
richness, thickness of the humus layer, ...) and abiotic (temperature, nutrient
availability, light penetration, soil moisture, length of growing season, ...) factors and
determine how they affect plant colonization. We also establish how these different
biotic and abiotic factors change with altitude, vegetation type, and disturbance regime.

In addition to the outdoor experiment, we are running a germination experiment in
incubators with seeds from the same 24 species. In this experiment, we test the effects
of cold stratification temperatures (comparing a thick insulating snow layer with a thin
snow layer) and of warm incubation temperatures (resembling the highest and the
lowest plots of our gradient) on germination. Also germination in ’ideal’ temperatures is
measured, to determine the quality of the collected seeds. We will present the first-year
results of both experiments (the colonization experiment and the incubator experiment)
at the conference.
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Sensitivity of arctic-alpine/boreal plant species to climate warming
during different stages of early seedling establishment

Anna Shevtsova (1), Bente Graae (2), Till Jochum (3), Ann Milbau (1,2) & Ivan Nijs (1)
(1) Research Group Plant and Vegetation Ecology, Department of Biology, University of Antwerp,
Campus Drie Eiken, Universiteitsplein 1, B-2610 Wilrijk, Belgium
(2) Climate Impacts Research Centre, Umed University, Department of Ecology and Environmental
Sciences, 98107 Abisko, Sweden
(3) Department of Plant Ecology, Botanical Institute, University of Tiibingen, D-72076 Tiibingen,
Germany

Climate warming is predicted to occur earlier, to be of a greater magnitude, and to
have more pronounced effects on high-latitude ecosystems compared to other terrestrial
ecosystems. Such warming is expected to shift bioclimatic zones and thereby to force
plant species to shift their range distribution. The rate and success of plant species
migration and the persistence of resident plant populations will depend inter alia on the
establishment abilities of individual species and their sensitivity to the direct and
indirect components of climate warming. However, still little is known about the
potential effects of warming on life history stages such as seed germination and seedling
establishment, despite these stages are considered as a bottleneck in population
dynamics. In the present study, we aimed at providing experimental evidence on how
establishment potential of plant species in sub-arctic tundra may change under
conditions of climate warming. Specifically, the goal was to test the sensitivity of
different stages of early seedling establishment of a range of arctic-alpine and boreal
plant species and plant functional types to the direct effects of growing season warming.

We performed a semi-natural seed sowing experiment in Northern Sweden
(Abisko), in which seeds of 15 species were sown in containers placed under the field
conditions in sub-arctic tundra heath and were treated by eight combination of heating
periods (factorial combinations of three periods of summer warming) and 2 levels of
water addition (ambient and +30% increase in summer precipitation). Heating
treatments mimicking +2.5°C elevation of air temperature above ambient were achieved
by using Free Air Temperature Increase systems (FATI) [1].Combined analysis of study
species demonstrated that early and late growing season warming negatively affected
seed germination, while heating during any of the three heating periods caused
decreased seedling establishment. Addition of water generally could not counterbalance
negative effects of heating. This implies that anticipated increase in summer
temperatures may present a significant constraint on seed germination and seedling
survival in tundra, at least on open, disturbed sites, which is a common seed
regeneration niche in this ecosystem. The studied species, however, demonstrated
variation in responses to the treatments; e.g., Pinus sylvestris was strongly negatively
affected by heating and the strength of response linearly depended on the duration of
heating, Vaccinium vitis-idaea was positively affected by water addition only, while
Deschampsia flexuosa was unaffected by any of the treatments. Species-specific
responses to summer warming are discussed against functional types and differences in

a present range distribution of the species.

[1] Nijs, 1., Kockelbergh, F., Heuer, M. et al. 2000. Climate-warming simulation in tundra: enhanced
precision and repeatability with an improved infrared-heating device. Arctic, Antarctic, and Alpine
Res. 32: 346-350.
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The sensitivity of the small scale vascular plant species distribution in
snowbeds to climate change

Christian Schéb* (1), Peter M. Kammer (2), Philippe Choler (3) and Heinz Veit (1)
(1) University of Bern, Institute of Geography, Hallerstrasse 12, 3012 Bern, Switzerland
(2) University of Teacher Education, Biology Department, Gertrud-Wokerstr. 5, 3012 Bern, Switzerland
(3) University J. Fourier Grenoble / Laboratoire d’Ecologie Alpine, 38041 Grenoble, France
*Corresponding author: christian.schoeb@phbern.ch

Alpine snowbeds are characterised by a long lasting snow cover and low soil
temperature during the growing season. Both of these climatic factors limiting plant life
in snowbeds are sensitive to climate change. Thus, environmental conditions in
snowbeds will alter to a considerable extent. To predict changes in species composition
in snowbeds caused by climate change, we determined climate envelopes of all vascular
plant species by analysing the small scale species distribution along the snowmelt and
soil temperature gradients within alpine snowbeds in the Swiss Alps. We found that
snowmelt date and soil temperature were relevant abiotic factors for the small scale
species distribution within alpine snowbed communities. Species richness was reduced
to about 50% along both of the environmental gradients towards later snowmelt date
(Fig. 1) and lower daily maximum temperature. We established a categorisation of
species based on the occurrence pattern of the species along the snowmelt gradient. This
categorisation allowed different predictions of the future distribution of vascular plants
growing in snowbeds. The typical snowbed species increased in frequency and relative
cover with later snowmelt date. They will be the most suffering species due to the loss
of their habitats as a consequence of earlier snowmelt dates in the future. The dominant
species increased their relative cover with later snowmelt date and will, therefore, also
lose abundance due to climate change, but resist complete disappearance from the
snowbeds. Both, the categories of indifferent species to snowmelt date and the transient
species, increased in species richness and relative cover with higher temperature and
will profit from climate warming. The grassland species growing in snowbeds so far
will be the main profiteers in the future. They will take advantage from an increasing
number of suitable habitats due to an earlier start of the growing season and increased
temperature. As a result, they will carry on invading snowbeds and probably replace the
snowbed species, even in the late melting sites. Therefore, the characteristic snowbed
vegetation will change to a vegetation unit dominated by alpine grassland species. This
study highlights the vulnerability of the established snowbed vegetation to climate
change and requires further studies particularly about the role of plant-plant interactions
in the predicted invasion and replacement process.
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Climate effects on Atlantic salmon in the White and Barents Seas
during the 17-20th centuries

Dmitry Lajus
St. Petersburg State University, Department of Ichthyology and Hydrobiology,, 16 linia V.O. 29, 199178
St. Petersburg, Russia

Barents and White seas area is a northeastern boundary of distribution range for
many boreal Atlantic species. Thus response of species on climate changes there should
be very pronounced and this region represents a convenient model for studying climate
effects on ecosystems. It is of especial interest historical data because they allow us to
get long-term series and to study populations and ecosystems in periods when human
pressure was very low. Atlantic salmon is a good object for historical studies as it was a
very important commercial fish in the Russian European North. In the region where
agriculture is possible only in a very limited extent, salmon was exported outside the
region and was one of the main resources of its colonization. Due to this salmon
fisheries kept accurate records and left abundant historical information allowing
reconstruction of past population dynamics. Moreover, salmon for centuries were
caught in the same places and by the same fishing gear during their spawning
migrations that makes data obtained in different periods easily comparable. Salmon
spend from one to five years in rivers and up to three-four years in the ocean where they
intensively feed and quickly grow. Feeding area of Atlantic salmon is located around
Faroe Islands and Western Greenland. According to recent data mortality of salmon in
the ocean is more variable than in rivers, and thus fluctuation of salmon populations in a
greater extent depends on conditions in the oceans. Therefore abundance of salmon in
Russian rivers reflects state of ecosystem of open Atlantic Ocean. In this study we
discuss data on dynamics of population abundance of Atlantic salmon for period from
the 17 to 20™ century and correlate them with temperature series for Northern
hemisphere. Our analyses based on numerous historical documents referring different
populations of Atlantic salmon within the region showed that abundance of populations
was lower in colder periods in comparison with warmer period during 17-20" centuries.
In addition to changes in population abundance, we found considerable fluctuating of
weight of fish, in particularly, in 1763 (cold period) average weight of fish more than
twice exceeded that in other periods. It is noticeable that overall abundance of salmon in
the 17-18"™ did not differ from abundance in the end of the 19" century, when official
fisheries statistics became available. Thus during this period changes in populations
were mostly caused by climate changes. Effect of human pressure, in particularly,
fisheries and forestry became evident since end of the 19™ — beginning of the 20™
centuries when anthropogenic factors became dominant in determining fluctuation of
salmon populations confounding climate effects. Analysis of long-term historical series
demonstrated that effect of temperature change on abundance and weight of boreal
species such as Atlantic salmon is clearly manifested. Fluctuations in salmon
populations probably reflects changes in the entire ecosystem of North Atlantic and thus
should be taken into account while modeling response of ecosystem to global changes.

Support from the Life, Earth and Environmental Sciences Standing Committee (LESC) of the European
Science Foundation made this presentation possible (www.esf.org/lesc)
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Spatial genetic structure of Campanula thyrsoides mirrors postglacial
recolonization and reveals four evolutionary units

J.F. Scheepens (1)*, G.F.J. Armbruster (1), H.H. Agisdottir (1), P. Kuss (2) & J. Stocklin (1)
(1) Institute of Botany, University of Basel, Schonbeinstrasse 6, 4056 Basel, Switzerland
(2) Institute of Plant Sciences, University of Bern, Altenbergrain 21, CH-3013 Bern, Switzerland
* Corresponding author, email: jf-scheepens@unibas.ch

Campanula thyrsoides is a self-incompatible, yellow-coloured bell flower living
as a pioneer in semi-open calcareous habitats. It is one of the few monocarpic perennials
occurring from east to west in the entire alpine belt. As several other species, this taxon
probably survived the last ice age(s) in glacial refugia in the forelands east, south, west
and probably also north of the Alps [1,2]. We studied microsatellite profiles in
populations covering the entire distribution area, aiming to reveal large-scaled
evolutionary units related to refugial origin. We tested five highly polymorphic and
unlinked microsatellite loci in genomic DNA of 1196 individuals from 52 alpine
populations. With individual-based cluster modeling (using STRUCTURE) we found
clear support for four spatial groups with little overlap: i) most-western Switzerland
together with adjacent Savoie (France), ii) from western Switzerland to eastern
Switzerland, ii1) most-eastern Switzerland to central Austria, and iv) the south-east of
Austria together with populations from Slovenia and Italy. The four groups can be
interpreted as evolutionary units resulting from recolonization from different adjacent
glacial refugia, with currently low gene flow among them. Our results indicate that gene
flow during the last millennia was not able to eliminate the genetic imprint of
postglacial recolonization history. STRUCTURE indicates a division into four spatial
evolutionary units. An AMOVA on 859 individuals from the 52 populations supports a
west-east differentiation. An among-group variance of 7% was detected in the entire
data set. Remarkably, the most eastern evolutionary unit from Austria, Slovenia and
Italy showed higher differentiation from the remaining populations (7.8%) compared to
other evolutionary units (2-3%). This finding may be linked with the description of a
subspecies C. t. carniolica reported to occur in the eastern Alps [2]. So far, a convincing
biological, biogeographical and/or taxonomic delimitation of C. t. carniolica from its
nominate species C. . thyrsoides is still missing. It is noteworthy that neighbour joining
clustering with PHYLIP, typically used in resolving phylogenetic relationships among
species, does not support the split in four evolutionary units. Bootstrap values of the
neighbour joining furcations were generally low (i.e. < 50%). We therefore recommend
STRUCTURE to find potential spatial differentiation, particularly if among-group
molecular variance is low.

[1] Schonswetter, P., Stehlik, I., Holderegger, R. & Tribsch, A. (2005) Molecular evidence for glacial
refugia of mountain plants in the European Alps. Molecular Ecology 14: 3547-3555.

[2] Kuss, P., Agisdottir, H.H., Stocklin, J. (2007) The biological flora of Central Europe: Campanula
thyrsoides L. Perspectives in Plant Ecology, Evolution and Systematics 9: 37-51.
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Biodiversity losses in Scottish Alpine vegetation: what are the key
drivers?

Alison Hester, Andrea Britton, Colin Beale, Willie Towers & Richard Hewison
Macaulay Institute, Craigiebuckler, Aberdeen AB15 8§QH, UK

Biodiversity change in alpine areas is of global concern; high levels of endemism,
glacial refugia and geographical isolation combine to produce unique reservoirs of
biodiversity which are vulnerable to changes in climate, atmospheric pollution and land
use'**. In Europe, alpine areas cover only 3% of the land area but contain about 20% of
the vascular plant flora’. Good, long-term records of vegetation change in mountain
areas can give important insights into the drivers of biodiversity changes which have
already occurred, and thus increase our ability to predict and manage for the future.

Scottish alpine vegetation, with its unique combinations of arctic, alpine and
temperate flora and strong oceanic influence® is considered highly vulnerable to
predicted global changes. Between 1963 and 1987, detailed vegetation and soil records
were collected from 677 alpine sites across Scotland®®; a subset of 205 sites were
resurveyed between 2004 and 2006, giving a wide
geographical distribution and range of habitat types (Fig. 1).
This paper reports some results of our analyses of
biodiversity changes over this 30-40 year period and
explores the likely main drivers of the changes recorded.

Significant changes were found in species richness,
plot scale diversity and [-diversity, with regional
differences both across and within habitats and species
groups. Although species richness showed an overall
increase, a significant overall decline in B-diversity was
detected, indicating that all vegetation communities were
becoming more similar in their species composition.
Previous research has suggested that ’closed’ communities
(such as many of those found on Scottish mountains), which
comprise slow growing species and have few gaps for new -
colonisation, should be relatively resistant to change in comparison to the more ‘open’
alpine-nival transition zone communities which have been more widely studied.
However, our results support more recent findings from the Alps’ suggesting that alpine
vegetation change may acually be less predictable and more rapid than previously
assumed.

Figure 1:

Distribution of old
and new (closed

[1] Molau, U. 2003 in: Alpine Biodiversity in Europe (eds L. Nagy et al.), pp. 125-132, Springer, Berlin.

[2] Korner C. 1995 in: Arctic and Alpine Biodiversity: patterns, causes and ecosystem consequences (eds
F.S. Chapin III, C. Kérner), pp. 45-62, Springer, Berlin.

[3] Vire, H. et al. 2003 in: Alpine Biodiversity in Europe (eds L. Nagy et al.), pp. 133-148, Springer,
Berlin.

[4] Thompson, D.B.A. & Brown, A. 1992 Biodiversity and Conservation 1, 179-208.

[5] Birse, E.L. (1984) The phytocoenonia of Scotland: additions and revision. MISR, Aberdeen.

[6] Birse, E.L. (1980) Plant communities of Scotland: a preliminary phytocoenonia. MISR, Aberdeen.

[7] Cannone, N., Sgorbati, S. & Guglielmin, M. (2007) Frontiers in Ecology and the Environment 5, 360-
364.
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Impact of farm size and topography on Alpine grassland biodiversity

Lorenzo Marini (1,2)* Paolo Fontana (1), Sebastian Klimek (3), Andrea Battisti (1), Kevin J. Gaston (2)
(1) University of Padova, Department of Environmental Agronomy and Crop Production, Viale
dell’Universita 16, 35020 Legnaro, Padova, Italy
(2) University of Sheffield, Department of Animal and Plant Sciences, Biodiversity and Macroecology
Group, Sheffield S10 2TN, UK
(3) University of Géttingen, Research Centre for Agriculture and the Environment, Am Vogelsang 6,
37075 Gottingen, Germany

Since the second half of the 20th century, European mountain areas have
experienced a structural transformation of farms from small, traditional to large and
specialized farms. However, detailed studies on the impact on biodiversity of factors
related to farm structure such as size or specialization are still lacking. In this study, we
unravelled the influence of farm size and slope on grassland biodiversity in a region of
the Alps. We defined three farm size classes representing different farm structures from
small traditional to large and specialized, and tested the influence of farm size along
with slope on the diversity of plants, orthopterans and butterflies in hay meadows using
linear mixed models. Our results showed a strong positive effect of slope and a negative
influence of farm size on species richness of the three taxonomic groups (Figure 1). The
high positive influence of slope on species richness was an indirect effect related to the
farmers’ behaviour, who managed steep meadows less intensively than flat ones. Large,
specialized farms were strongly associated with higher stocking rates and higher soil
fertility than small traditional farms, irrespective of meadow slope. The negative impact
of large farm management on biodiversity should mainly be related to the higher degree
of intensification at the whole-farm level.
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Figure 1: Species richness of vascular plants, orthopterans and butterflies in function of slope and farm
size in Alpine hay meadows.

Local stakeholders should consider targeted agri-environment schemes (AES) to
reduce the ongoing substitution of small farms with large intensive farms, although
multi-disciplinary research studies are necessary to evaluate the socio-economic
sustainability of these schemes. A complementary solution could be to target future
AES to support farms with low stocking rates and to reward the maintenance of the
current management of steep meadows. In our Alpine region, both reduced stocking
rates and maintenance of low-intensity management of steep areas, could be achieved
even by large farms, therewith reducing the negative impact of the current
transformation of agricultural marginal systems.
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Is Snow Important to Tall Shrubs?

Diana Gilbert (1), Alison Hester (1) & Colin Legg (2)
(1) The Macaulay Institute, Craigiebuckler, Aberdeen AB15 9HA, UK
(2) School of Geosciences, The University of Edinburgh, King’s Buildings, Edinburgh, EH9 3JN, UK

High-altitude scrub with willow and other tall-shrub species is rare in Scotland
and in decline due primarily to past changes in climate and land management practices
[1]. Many of the species are of conservation concern and feature in Habitat or Species
Action Plans [2], yet little is known of the current drivers controlling their development
and distribution. Manipulative experiments have been set up to examine the effects of
exposure, browsing and snow cover on the growth and survival of Salix myrsinites L.,
Juniperus communis L., and Betula nana L. Potential future changes in snow-lie, such
as reduced or less frequent snow cover, are predicted to have significant impacts on
high altitude scrub species [3]. In the UK, where snow cover is already highly variable
from year to year, it is crucial to gain a better understanding of species responses to
changes in snow-lie to be able to develop appropriate conservation management
strategies which take this into account. This paper reports
on the snow cover experiment. Young plants of all three
species were propagated over the winter of 2006/07 and
planted out in late summer 2007 at altitudes between 758 m
above sea level (asl) and 1036 m asl. For each species
cuttings were collected from the east, central and west of
Scotland. The young plants were protected from browsing
by large mammals in cages (five plants of each species per
cage) within the Cairngorm ski resort area (Latitude 57°N)
where snow fences gave local variation in snow-lie). Eight
pairs of cages were laid out with one of each pair close to a
snow fence where snow collects and the other outside the
influence of the snow fence (Figure 1). Cages were
photographed weekly and snow depth estimated from a 1.5
m graduated pole beside each cage. Prior to planting the
following ‘baseline’ measurements were recorded for every & :
plant: basal diameter, total length, canopy height, maximum canopy dlameter and that
perpendicular to it, length of all new shoots, and area of the five largest leaves. These
will be re-recorded in later summer 2008 and in 2009 together with plant survival and
flowering. Temperature has been recorded in every cage at canopy, ground level and at
a depth of 10 cm in the soil using Maxim Dallas ibuttons (DS1921G) programmed to
record the temperature every two hours. This paper will present the responses of plants
and discuss the role of present and future patterns of snow-lie in the ecology and
distribution of this community.

Figure 1. Cage close to a
snow-fence (top), & its

[1] Hester, A.J., 1996 Scrub in the Uplands. Scottish Natural Heritage Review No. 24. Scottish Natural
Heritage, Battleby. [2] Scottish biodiversity Forum, 2007 the Scottish Biodiversity List: Terrestrial
and Freshwater Species. Biodiversity Scotland, Scottish Executive. [3] Wahren, C.H.A. et al 2005
Vegetation responses in Alaskan arctic tundra after 8 years of a summer warming and winter snow
manipulation experiment. Global Change Biology 11, 537-552.
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In situ quantification of intra-specific functional variability and
inclusion in a landscape model

Cécile Albert, Wilfried Thuiller, Sandra Lavorel
Laboratoire d’écologie Alpine, UMR CNRS 5553, Université Joseph Fourier, BP 53, 38041 Grenoble
Cedex 9, France

The reality of global changes is nowadays accepted. Land use and climate changes
are recognised as the two main drivers influencing the vegetation and the biodiversity.
In this context, understand how species behave in different current conditions is
essential to predict how they will respond to the coming changes. Then studies along
gradients are essential too. If functional attributes of plants are expected to be largely
influenced by disturbances and land use (grazing, mowing), the quantification of their
variability through direct gradients is lacking. Intraspecific functional variability has
been traditionally assumed to be negligible in comparison with interspecific variability.
Nevertheless functional variability is now about to be included into landscape or global
dynamic vegetation models to make them more realistic. This inclusion is equivalent to
replace fixed parameters by functions of the environment. This improvement of models
is essential to predict what could happen at trailing edges or at vegetation boundaries,
like the alpine tree-line. These boundaries are expected to be particularly sensitive to
changes in climate and land-use.

In this study we quantified and expressed the intra-specific functional variability
of a set of species in respect to inter specific functional variability. Providing steep
gradients and assumed to be particularly sensitive to global warming, alpine systems
have been chosen as an ideal study system. We have chosen 13 common species
(Dactylis glomerata, Carex sempervirens, Sesleria caerulea, Festuca paniculata, Geum
montanum, Trifolium alpinum, Dryas octopetala, Salix herbacea, Juniperus sibirica,
Vaccinium myrtillus, Rhododendron ferrugineum, Larix decidua, Pinus uncinata) of the
Vallée de la Guisane in the French Alps (Hautes Alpes, 05) representing the three
dominant life forms. We stratified the landscape according to two orthogonal direct
gradients (August solar radiation and winter temperature) and choose between 6 and 18
sites per species, maximising the environmental heterogeneity between sites. In 2007
and for each species, we measured a set of functional traits (leaf nitrogen content, plant
height, number and height of flowers, lateral spread, specific leaf area, diameter at
breast height, etc.) on 9 individuals per site and some topographic and soil
characteristics (pH, organic matter, texture). We also collected data on disturbances like
grazing and mowing.

To analyse the results, first we quantified the intra-specific functional variability
and determined how much of it is driven by climate, disturbance and soil. Then we
compared the species and their functional range to check the negligibility of intra-
specific variability in comparison with the inter one. As expected single traits were not
describing the plant performance and were not converging. We then explored functional
trade-offs of traits with multivariable approaches along environmental gradients.

Finally based on the field work, we also tested the introduction of functional intra-
specific variability into a landscape model (LAMOS). In particular we tested this
improvement on alpine landscape with a focus on the impact of global changes on the
tree-line.
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Nutrient limitation at the alpine treeline: elevational patterns in
contrasting northern and southern hemisphere forests.

William Mallott (1), David Wardle (2) & Richard Bardgett (1)
(1) Institute of Environmental and Natural Sciences, Lancaster University, Lancaster, UK
(2) Department of Forest Ecology and Management, Faculty of Forest Sciences, Swedish University of
Agricultural Sciences, Umed, Sweden

Alpine treelines are a dominant feature of mountain environments and have been
suggested to be an indicator of the impact global change. Whilst climate undoubtedly
acts as a major determinant of treeline distribution, nutrient limitation is known to
significantly influence plant growth, litter quality and nutrient cycling in alpine and
forested systems. We examined patterns of nutrient limitation across elevational
gradients in montane forest in the Austrian and Swiss Alps, and in the Southern Alps,
New Zealand. Austrian and Swiss treelines are transitional communities (i.e., tree stands
become progressively open with increased elevation giving way to krummholz and
alpine vegetation), whereas New Zealand treelines form abrupt boundaries [Fig.1]. We
used these contrasting forest systems to examine elevational trends in stand biomass,
soil nutrient availability, soil microbial
biomass, activity and community composition,
and plant nutrient status, to assess whether
nutrient limitation could influence ecosystem
function at the treeline.

The field study provided evidence that
feedback effects between above and below-
ground communities contribute to nutrient
limitation of vegetation and soil biological |
processes at high elevations, with abrupt
reductions in stand biomass and soil nitrogen
availability at the treeline. Differences in
species  distribution (Europe) and trait
plasticity within one species (New Zealand)
lead to greater resorption of limiting nutrients
prior to litterfall in treeline stands relative to
those at lower elevations. Consequently, litter
quality declines with cascading effects on

mposition and microbial mineralisation of Kickiaie . :
decq P OS. 0 a. d C obia cralisation 0 Figure 1: Abrupt alpine treeline (St Arnaud,
nutrients in treeline soils.

_ - . New Zealand) and transitional treeline with
To examine interactions between pj,us mugo krummbholz (Stubai Valley,

climate, soil properties and plant traits, a Austria).

reciprocal soil and litter transplant experiment

was carried out across elevational gradients in New Zealand forest. By measuring
changes in nutrient cycling and decomposition induced by transplantation we were able
to assess the relative influence of climate, soil nutrient availability and shifts in plant
traits on these processes. Overall, our findings offer important insights as to how above
and below-ground feedbacks may regulate the response of natural ecosystems to global
change.
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Windthrow and bark beetles as key drivers of hoverfly diversity
(Diptera, Syrphidae) in temperate montane forest

Frank Dziock (1), Gisela Merkel-Wallner (2), Reinhard Schopf (3), Jorg Miiller (4)
(1) Department of Biodiversity Dynamics, Technische Universitdt Berlin, Sekr. AB1, Rothenburgstr. 12,
D-12165 Berlin, Germany, frank.dziock@tu-berlin.de
(2) Biihldcker 3, D-93444 Bad Kétzting
(3) Lehrstuhl fiir Tierckologie der TU Miinchen-Freising, Am Hochanger 13, D-85354 Freising
(4) Nationalparkverwaltung Bayerischer Wald, Sachgebiet Forschung, Freyunger Str. 2, D-94481
Grafenau

Natural disturbances in forests like windthrows are stochastically recurrent events
leading to a drastic change in the amount of open area and dead wood habitats available
for forest insects. Windthrow events may also lead to a subsequent outbreak of bark
beetle populations, thus enhancing the process of opening up the forest by increasing
tree mortality. However, it is far from clear how this feedback loop affects forest
biodiversity.

Hoverflies or syrphids are one of the most diverse families of the Diptera and they
inhabit virtually every terrestrial and many aquatic ecosystems. The adults visit flowers
and feed on pollen and nectar, which makes them the most important pollinators besides
bees. The larvae show a broad variety of life styles covering a wide spectrum of
resource use, including many different types of old and dead wood habitats. There is
sufficiently precise biological data available at the species level to assign species to
functional groups for a detailed analysis.

We investigated 36 study plots of 100sqm each in the National Park Bavarian
Forest, representing the gradient of altitude, open area and availability of old and dead
wood habitats. The sites were chosen randomly from four transects with 300 study plots
(Project BIOKLIM), stratified by altitude and amount of open area prior to the random
choice. Environmental variables were available from laser scanning data (e.g. mean
vegetation height on different spatial scales), field assessments (e.g. amount of dead
wood, no. of plant species, age of forest stand, time since bark beetle infestation), and
geostatistical modelling (temperature, precipitation, radiation).

RESEARCH QUESTION: How do changes in forest structure caused by
windthrow events and (subsequent) bark beetle infestation influence the composition
and diversity of forest insect communities — using hoverflies as an example?
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Climate niche-based versus co-occurrence based measurements of
ecological specialization in the Alps

Isabelle Boulangeat, Wilfried Thuiller & Sébastien Lavergne
Laboratoire d'ecologie Alpine, UMR CNRS 5553, Université Joseph Fourier, BP 53, 38041 Grenoble
Cedex 9, France

In a global change context, and so habitat deletions or modifications, a better
understanding of the ecological factors that distinguish specialists from generalists is
crucial to estimate species’ vulnerability. Indeed, a habitat specialist species is expected
to have a stronger response to various changes than a generalist, and will generally be
more sensitive to extinction. The French Alps contain a wide range of habitats, species
and climates providing an interesting context to investigate the specialization of plants
under various environmental conditions.

In this paper, we investigated patterns of plant specialists and generalists using
two different approaches (“outlying mean index” and “Fridley index”), and analyzed
their repartition in particular habitats, from the local community to the meta-
community. We also tested for the existence of phylogenetic conservatism of different
specialization indexes and the relationship between specialization and some functional
traits. The first approach (“outlying mean index”) is based on macro-gradients (e.g.
climate variables) which are known to well determine species' repartitions. The second
(“Fridley index™) is particularly interesting because it is only based on species co-
occurrence and makes no hypothesis about the environmental factors controlling
species’ distribution. We used a remarkable data set comprising 9500 plots of plants
communities in the French Alps, with associated habitat information to estimate the
specialization index of more than 1600 species.

The different measures of specialization bring complementary information at the
community scale and become very similar analysis at the meta-community scale (ie.
regional scale). Based on specialization indexes, we demonstrated that a recent
evolutionary divergence explains most variance in the degree of specialization, and that
overall phylogenetic conservatism in the degree of specialization is low. Some selected
traits are also shown to explain a substantial of part of explained variance. We detailed
the different implications of the study.
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Zooplankton assembles in high-latitude lakes ecosystems of Yakutia
(Polar Siberia, Russia)

Larisa Frolova (1), Larisa Nazarovan (2), Ludmila Pestrjakova (3) & Ulrike Herzschuh (2)
(1) Kazan State University, Department of Zoology,; Kremlevskaya Str. 18, 420008, Russia
(2) Alfred Wegener Institute for Polar and Marine Research (AWI), Telegrafenberg A 43, 14473 Potsdam
(3) Yakutsk State University, Belinsky str., 58, 364205 Yakutsk, Russia

High-latitude lakes are supposed to be particularly sensitive to environmental
changes. Because of small drainage areas, with limited chemical and biological erosion
and extreme climatic conditions, they develop simple and labile ecosystems which react
promptly to environmental stress. This makes them suited to function as early warning
systems.

Very few studies exist on zooplankton composition of freshwater lakes in
permafrost area in Yakutia (Polar Russia). It is explained by extremely difficult access
to the region on the one hand and a very short-term vegetative period in these latitudes
on the other hand. The 35 investigated lakes are situated between 715" and 7°33"'N°
and 110°82"" to 11576 'E°. The low summer temperatures in the region (mean July air
temperature range from 10.2 °C to 12.1°C) have probably influenced the species
richness of zooplankton, which is relatively low. The taxa found are generally typical of
arctic zooplankton assemblages (Kellicottia longispina (Kellicott, 1879), Cyclops
scutifer (Sars), Heterocope borealis (Fischer), Bosmina longispina Leydig, 1860).
Besides three main groups of zooplankton, in some lakes we have found quite a rare
Conchostraca (Cyzicus tetracerus (Krynicki, 1830). Copepoda dominates the majority
of the lakes. The group constitutes the most of the biomass of zooplankton. Rotatoria
dominates in abundance. Although abundance of zooplankton in average is not very
high, the predominance of large size zooplankters (Heterocope, Cyclops, Daphnia)
provides in some lakes in July a biomass at the level of oligo-mesotrophic reservoirs.

Trophic structure of the investigated lakes is characterized by high ratio of
predators. This is characteristic for the ecosystems with low level of trophy. The
invertebrate predator assemblage plays an important role in shallow arctic likes
ecosystems that are devoid of fish. Predatory Copepods such as Heterocope and various
cyclopoids are considered to be most important in structuring arctic zooplankton
communities. Absence of any significant anthropogenic influence on lakes ecosystems
has allowed us to estimate the majority of the lakes as oligosaprobic, part of the lakes
showed features of mesosaprobity. For studying of ecosystems of the Far North more
indicative is proved to be index of evenness of Pielou (Pielou, 1966), than index of
Shennon- Weaver biodiversity index (Shannon, Weaver, 1963).

The relationship between environmental variables and spatial distribution of
individual taxa was tested using canonical correspondence analysis. Variations in lake
surface area, maximum water depth, conductivity of the water were less important in
controlling the communities composition. However, mean July air temperature and low
pH influenced the diversity, abundance and density of some taxa.

Support from the Life, Earth and Environmental Sciences Standing Committee (LESC) of the European
Science Foundation made this presentation possible (www.esf.org/lesc)
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Invertebrate community assembly on nunataks, Iceland

Maria Ingimarsdottir (1,2) & Katarina Hedlund (1)
(1) Department of Ecology, Lund University, Sélvegatan 37, SE-22362 Lund, Sweden
(2) Icelandic Institute of Natural History, Hlemmur 3, IS-105 Reykjavik, Iceland

For the last decades we have been facing a period of global warming. As a
consequence glaciers have been melting and when a glacier melts it does not only
retreat but also becomes thinner. Tops of mountains emerge through the glacier and
form ice free islands, so called nunataks. Nunataks provide excellent locations for
studies on primary succession and assembly of communities. Primary succession of
vegetation has been studied worldwide but the primary community assembly of
invertebrates has recieved less attention. The invertebrate community assembly on
nunataks is a process that so far is not known.

The glacier Breidamerkurjokull in SE-Iceland has three nunataks of known age
that have emerged during the last 70 years: Kéarasker around 1935, Braedrasker 1961 and
Mariusker 2000. It also has old nunataks, Esjufjoll. All the nunataks have been getting
larger as the glacier has retreated.

In the summer of 2008 we will study the dispersal and colonization of
invertebrates in this area. Dispersal abilities of invertebrates over the glacier will be
studied with the use of sticky traps and by comparing those with traps on the glacier
foreland it will be possible to determine whether the glacier is a barrier for invertebrate
dispersal. To study colonization processes we will collect invertebrates by pitfall traps
and soil samples on land of different ages in each nunatak. The community assembly on
the nuntaks will be determined for the dominant invertebrate groups.
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Succession of the carabid beetles population during the reforestation of
the sand quarriers in the North-West Siberian taiga

Ilya I. Lyubechanskii
Institute of Systematics and Ecology of Animals, Frunze str., 11, Novosibirsk, 630090, Russia
E-mail: lubech@rambler.ru

The anthropogenically disturbed biotopes are widely distributed in the taiga of
North-West Siberia as a result of growing oil and gas mining. Most of these changes are
caused by the formation of the infrastructure elements (mining places, roads, etc.).
These objects take huge amounts of sand from numerous sand quarriers situated nearby.

We studied the ground beetle (Coleoptera, Carabidae) fauna and population
during the succession on the abandoned sand quarriers of different age (from 1 to 20
years old), and compared them with those of native biotopes (bogs and pine forests).
The study area situated near Noyabrsk city (63° 15° N, 74° 30’ E). 21 sites were
investigated from 1999 to 2002. 54 carabid beetle species were collected by pitfall
trapping. We found 39 species in anthropogenic sites and 27 species in native ones.
Most species belonged to the genus Bembidion (13 sp.), Pterostichus (8 sp.), Agonum (5
sp.). The species richness and density in anthropogenic habitats was usually higher then
in the native ones. We compared the zoogeographic features of the anthropogenic and
native fauna. The 4-fold decrease of the arctoboreal species rate takes place in the
quarriers (from 8 to 3 species). Carabid species of taiga and tundra can not occupy these
habitats because the temperature of the open ground is higher than that under the trees.
The number of the west-palearctic species increases in anthropogenic biotopes (almost
3-fold: from 5 to 14 species), and the number of the east-palearctic species decreases (5-
fold). Central-palearctic species are disappearing in the places of sand. The reason is
that the east- and central-palearctic carabid species from the study site are inhabitants of
mire and boreal landscapes and can’t survive in destroyed landscapes. On the contrary,
west-palearctic species in the boreal zone are associated with intrazonal landscapes. By
this (and by their good ability for flight), such species can easily colonize disturbed
places. All the studied sites could be divided into 3 groups according their carabid
population. 1) Coasts of small lakes in quarriers, where typical riparian carabids live:
Elaphrus riparius, E. sibiricus. 2) All other types of the disturbed habitats: quarriers and
burnt places 7-10 yr. old. These habitats are occupied by most warm- and dry-preferred
species: Cicindela silvatica, Poecilus lepidus, Dicheirotrichus cognatus, Microlestes
schroederi, some Harpalus and Cymindis species; and most abundant Amara quenseli.
Quarriers of the same age have the similar carabid population. 3) Different kinds of
undisturbed habitats. Arctic and boreal carabid species are inhabit these sites, such are
Pterostichus brevicornis, P. parens, Carabus nitens. We studied the succession on the
abandoned quarrier from 1999 (one yr. old) to 2002. Main species of carabids are
invade such places on the 2™ year (may be, more early). The dynamic density achieves
18-25 specimens per 100 trap-days during the 2™ year after abandoning. At the 3™ year
the density rised to 54 specimens per 100 trap-days and don’t increased after that. Such
values were the same as in another young quarrier 5-8 yr. old. The number of species
during 1-3 yr. is about 5-6, and at the 4™ year increases to 11 (another young quarrier —
9 species). Abstract absolutely too long/cut
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A new Rain Simulator for a better understanding of the origin of
surface runoff in Alpine Landscapes

Christian Newesely (1)*, Georg Leitinger (1), Erich Tasser (2), Werner Zimmerhofer (1), Ulrike
Tappeiner (1,2)
(1) University of Innsbruck, Institute of Ecology, Austria
(2) European Academy Bolzano, Institute for Alpine Environment, Italy
*christian.newesely@uibk.ac.at

Alpine areas are highly sensitive to land-use and climate changes which can result
in a shift in biodiversity. So far, detailed information on attached processes is still
missing. Although surface runoff is known for enhancing wet land slide and erosions
we still do not understand the underlying factors. The present rain simulator will help to
better comprehend the formation of surface runoff. Using tubes and three different types
of nozzles (full, half and quarter circle) we constructed a rain simulator for the irrigation
of 10 m?. Arrangement of nozzle-types and their resulting sprinkling scheme for as
uniform water application as possible is shown in Figure 1. Irrigated water quantities
are automatically registered with a logger connected to a water meter and by changing
the water pressure, the rain intensity can be modified from 70 to 100 mm h-1. The
runoff water is thereafter caught in a cannel and measured in intervals of 1 minute. Our
standard irrigation time is one hour.

wg

Figure 1: Sprinkling scheme of the rain simulator (nozzle symbols: circle / red = full, triangle / blue =
half, square / yellow — quarter circle)
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Changes in vegetation phenology under climate change in high alpine
ecosystems

Anja Rammig (1), Tobias Jonas (2), Christian Rixen (2)
(1) Potsdam Institute for Climate Impact Research (PIK), Telegraphenberg A62, P.O. Box 60 12 03,
D-14412 Potsdam, Germany
(2) SLF, Swiss Federal Institute for Snow and Avalanche Research, Fliielastr.1, CH-7260 Davos,
Switzerland

High alpine shrub- and grasslands above treeline are characterized by long-lasting
snow cover, a short vegetation period and extreme climatic conditions. In these
ecosystems, climate change will probably strongly affect plant phenology and growth
due to increased temperatures and a prolonged growing season. In a unique experiment,
climatology and plant growth was monitored for almost a decade at 17 snow
meteorological stations in different alpine regions along the Swiss Alps. Using linear
regression models, we found that the average May/June temperature was significantly
related to the date of snow melt-out, begin of plant growth and plant height. To project
the changes in melt-out, begin of growth and plant height for future climate conditions,
we applied the regression models to climate data from different climate models (e.g.
Hadley, PCM) and IPCC-SRES scenarios (Al, A2, B2). Under these simulated future
climate conditions, melt-out and onset of growth was predicted to occur about 7-30 days
earlier by the end of the century than in the control period from 1971-2003. Plant
biomass increased by 18 to 47%. These results give first estimates of the extent of
climate change impacts on alpine plant communities. In particular, warmer spring
temperatures and subsequent earlier melt-out dates may cause a considerable shift
towards faster growing plants.
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Intra-annual cambium dynamics of northern boreal Scots pine in
relation to climate

Jeong-Wook Seo (1)*, Dieter Eckstein (1), Risto Jalkanen (2), Uwe Schmit (3), Jorg Fromm (1)
(1) Univ. of Hamburg, Dept. of Wood Science, Div. Wood Biology, 21031 Hamburg, Germany
(2) Finnish Forest Research Institute, Rovaniemi Research Unit, 96301 Rovaniemi, Finland
(3) Federal Research Institute for Rural Areas, Forestry and Fisheries, 21031 Hamburg, Germany
* Corresponding author: e-mail j.seo@holz.uni-hamburg.de

The cambium of trees in boreal forests, known to be mainly positively related
with summer temperature, transforms climatic information into the amount of wood,
which can thus retrospectively be used as a biological indicator for environmental
changes. Since recent years, however, it has been repeatedly observed that summer
temperature does not always positively influence the cambium activity.

The intra-annual cambium dynamics of Scots pine at two sites, approx. 200 km
apart from each other, close to the northern forest border was monitored from 2000 to
2004 and compared with the contemporaneous temperature. The trees at the southern
site were mainly positively and at the northern site mainly negatively correlated with
summer temperature. Regardless of it and whether the growing season started earlier or
later, at both sites two-third of the annual radial growth was produced within four weeks
from mid-June to mid-July.

In view of climate change, it might be possible that trees near their northern
distribution border do not always profit from the warming trend but start to get impaired
from an increasing moisture deficit.
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Molecular analysis of trophic interactions in alpine pioneer
communities

Daniela Sint, Lorna Raso, Ruediger Kaufmann & Michael Traugott
Institute of Ecology, University of Innsbruck, Technikerstr. 25, 6020 Innsbruck, Austria
Email: daniela.sint@uibk.ac.at

The dramatic retreat of the glaciers over the last 150 years is one of the evident
signs of climate change in alpine landscapes. Because of their relative simplicity, glacier
forelands are model systems for investigating fundamental ecological processes such as
colonization, population establishment and community assembly. Interestingly, early
successional stages of primary successions are dominated by predatory coloniser
communities [1], and although the rather simple faunal pioneer communities are
characterised quite well, we still do not understand on which trophic interactions
community assembly depends. This project, conducted in three glacier forelands in the
Otztaler Alpen (Austria), directly addresses this lack of knowledge.

Two principal aims will be addressed:

e Resolving trophic linking within macro-invertebrate communities colonizing
recently deglaciated alpine terrain using a molecular approach.
e Comparing macro-invertebrate food webs between early and late pioneer stages.

By employing the latest approaches in molecular prey detection [2] and merging
these data with a comprehensive analysis on community composition, semi-quantitative
food webs will be created [3] (Figure 1). These webs will depict trophic linking in
terrestrial invertebrate communities at an entirely new level of resolution.

The outcome from this study will take research on glacier forelands and primary
succession one step further, as it will not only describe changes in invertebrate
community structure but focus on a key functional aspect, trophic linking, within animal
pioneer communities.

Figure 1: Hypothetical
semi-quantitative food web.
Capital  letters  represent
predatory species; lower case
letters different prey species.
Bar widths reflect the species’
abundances, links show
trophic interactions between
species and width of the link
indicator (at the base of the
/ consumer) reflect the strength
a b C of trophic connections.

[1] Kaufmann R. (2001): Invertebrate succession on an alpine glacier foreland. Ecology 82: 2261-2278.

[2] King R.A., Read D.S., Traugott M., Symondson W.O.C. (2008): Molecular analysis of predation:a
review of best practice for DNA-based approaches. Molecular Ecology 17: 947-963.

[3] Memmott J. (1999): The structure of a plant-pollinator food web. Ecology Letters 2: 276-280.

61



Impact of global change on biodiversity and biogeochemical
cycles

1.2.Biogeochemical cycles of terrestrial ecosystems in a changing
environment

Michael Bahn, Ansgar Kahmen, Alexander Knohl, Werner L. Kutsch

Oral presentations

62



Session 1.2 Oral Presentations
Biogeochemical cycles of terrestrial ecosystems in a changing environment

Functional significance of biological diversity under global change

Christian Korner
Institute of Botany, University of Basel, Schénbeinstrasse 6, CH-4056 Basel, Switzerland

At the dawn of global change science, ecosystem responses to atmospheric change
were considered a direct consequence of physiological baseline responses of plants.
More CO, in the atmosphere does stimulate leaf photosynthesis, this in turn was
assumed to cause more plant growth, which was further taken as a surrogate of net
primary production, NPP. Implicitly NPP was treated as carbon sequestration. While
such a chain reaction in itself lacks supporting evidence, it was further assumed that the
green cover of the planet would respond uniformly, or, at the least that plant responses
within certain plant functional groups would be similar. Now, after more than three
decades of exploring this field, it became evident that neither the theory-based cascade
of carbon uptake events, nor 'big leaf' models of ecosystems, or projections based on
plant functional types are matching reality. NPP and carbon sequestration are often
negatively correlated (over large areas and time scales), and species presence/absence
turned out to be decisive for ecosystem processes. This overview will focus on carbon
relations in a CO,-rich world.

I will present examples from elevated CO, research in grassland, temperate and
tropical forests in order to underpin the significance of species identity. Among the
important insights, it became evident that legumes do not respond as a uniform group,
CO,-driven changes in water relations mimic changes in carbon relations and soil
conditions determine which species take advantage of enhanced photoassimilate
availability and which not. Future research needs to account for biodiversity effects for
arriving at trustworthy projections of the consequences of ongoing atmospheric CO,
enrichment.

[1] K6rner Ch (2004) Phil Trans R Soc Lond 359:493-498

[2] Korner Ch et al. (2005) Science 309:1360-1362
[3] Korner Ch (2006) New Phytol 172:393-411
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10 years of Free Air Carbon dioxide Enrichment (FACE) on
grassland: Are there long-term effects on soil C pools and the
ecosystem trace gas balance?

Lenhart K., Kammann C., Griinhage, L., Jiger H.-J.
Justus-Liebig-University, Department of Plant Ecology, Heinrich-Buff Ring26-32, 35392 Gief3en,
Germany

Increasing the soil C stocks is of major interest to mitigate the rise in atmospheric
CO2-concentration and therefore global warming, although evidence for a CO2-induced
increase in soil C pools is limited and the results are rather inconsistent ([1], [2],[3]).
However, as step-increase effects at the beginning of a CO2-enrichment experiment
may alter the ecosystem responses to elevated CO2, long term studies are needed to
make reliable predictions. In this study we examined the effects of elevated CO2 on C
sequestration and the greenhouse gas (GHG) balance of CO2, N20 and CH4 over a
period of 10 years.

The GieBen-FACE experiment started in May 1998 with a year-round CO2-
enrichment of +20 % above ambient, i.e. 440 ppm. The 613C signature difference
applied with the enrichment-CO2 was used to calculate the C-input under elevated CO?2.
Trace gas measurements started in 1997 via closed-chamber technique with two
measurements per week since that time.

Between 1998 and 2006 the soil C input corresponded to 93.5 g C m-2 yr-1 in the
soil profile (45 cm). However, no CO2-induced net increase in the soil C pools occurred
in any depth. Over the whole period, elevated CO2 increased N20 emissions about X %
compared to ambient, CH4 oxidation was reduced by x %. Theoretically, simply to
offset the additional N20O emissions (i.e. X g m-2 yr-1), x kg C m-2 yr-1 must be
additionally sequestered every year. Besides the absence of an increase in the soil C
pool under elevated CO?2 in this study, there is evidence that the amount of C that can
be stored in the soil is limited [4].

Therefore, the capability of (grassland) ecosystems to reduced GHG and thereby
counteract global warming may be limited. Likely, some ecosystems that are predicted
to act as a net CO2-sink in the future will become a net GHG source when taking into
account the CO2-induced changes in the fluxes of N20O and CH4.

[1] Gill, A. R., H. W. Polley, H. B. Johnson, L. J. Anderson, H. Maherall and R. B. Jackson (2002).
"Nonlinear grassland response to past and future atmospheric CO2." Nature 417: 279-282.

[2] Jastrow, J. D., R. M. Miller, R. Matamala, R. J. Norby, T. W. Boutton, C. W. Rice and C. E. Owensby
(2005). "Elevated atmospheric carbon dioxide increases soil carbon." Global Change Biology 11:
2057-2064.

[3] Luo, Y., D. Hui and D. Zhang (2006). "Elevated CO2 stimulates net accumulations of carbon and
nitrogen in land ecosystems: a meta-analysis." Ecology 87(1): 53-63.

[4] Six, J., R. T. Conant, E. A. Paul and K. Paustian (2002). "Stabilization mechanisms of soil organic
matter: Implications for C-saturation of soil." Plant and Soil 241: 155-176.
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Substantial carbon losses from subalpine grassland suggested by CO2-
fluxes under high nitrogen and ozone deposition

Matthias Volk (1), Kris Novak (2), Daniel Obrist (3), Robin Giger (1), Seraina Bassin (1),
Jiirg Fuhrer (1)
(1) Agroscope ART Reckenholz, Swiss Federal Research Station for Agroecology and Agriculture
Air,Pollution/Climate Group Reckenholzstrasse 191, CH-8046 Zurich, Switzerland
(2) National Center for Environmental Assessment, U.S. Environmental Protection Agency, 109 TW
Alexander Dr,. Research Triangle Park, NC 27711
(3) Desert Research Institute, Division of Atmospheric Sciences, 2215 Raggio Parkway, Reno, NV 89512

Effects of increasing levels of atmospheric O3 and N deposition on grasslands are
largely unknown. This comes from a lack of studies with experimental applications of
these pollutants under natural, on site conditions. Thus we established such a longterm
experiment on a subalpine pasture at 2000m asl.

In the study presented here, we assessed effects of increased atmospheric ozone
concentrations (3 levels: ambient, amb. * 1.2 and amb. * 1.6) and increased nitrogen
deposition (3 levels: ambient, amb. + 10 kg ha™ a', amb. + 50 kg ha" a™') during the
third year of the experiment. During ten days and 13 nights, covering the vegetation
period of the year 2006, ecosystem-level CO, exchange of intact monoliths of the
subalpine grassland ecosystem was measured. We were using a 30 * 40 * 35 cm large,
static cuvette of transparent polyacrylics. All gas exchange responses to the fully
factorial treatment combination were analysed in a split-plot repeated measures
ANOVA. Light dependency of CO, exchange was established and soil temperature, soil
water content (SWC) and solar radiation were monitored.

Ecosystem respiration (Re.,) was found to be slightly increased under high N and
decreased under high O3 compared to control throughout the season. Similarly, whole
season gross primary production (GPP) was slightly decreased both under high N and
high O3 compared to control. Neither the responses to high ozone nor to nitrogen
deposition caused significant effects. There was no interaction between the two
treatments.

To assess the cumulative seasonal effect of the small differences found in our spot
measurements, we were using Re,, and GPP measurements to model net primary
productivity (NPP) as seasonal CO, exchange, based on hourly averages of global
radiation and soil temperature. Grassland plots of all treatment combinations had a
negative NPP. But the high nitrogen deposition treatment yielded a ¢. 50 g m™ larger
carbon loss compared to control and other treatments.

In addition, we observed a highly significant one third increase of aboveground
productivity in the high N deposition treatment. High O3 reduced dry matter yield only
marginally.

At the present state of the experiment O3 effects remain unsuspicious. But under
increased nitrogen deposition, Re, results in carbon losses that are more than three
times larger than the aboveground carbon gains observed at the same time.
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The fate of C in adult beech and spruce trees after seven years under
elevated ozone

Thorsten E. E. Grams (1), Wilma Ritter (1), Rainer Matyssek (1) & Christian P. Andersen (2)
(1) Technische Universitit Miinchen, Ecophysiology of Plants; Am Hochanger 13, 85354 Freising,
Germany
(2) US Environmental Protection Agency, Western Ecology Division, 200 SW 35th St., Corvallis, OR
97333; USA

Half of the carbon (C) fixed by forest trees is released back to the atmosphere
within a couple of days via respiration. However, our knowledge about the use of
recently fixed C by respiration in plant organs (e.g. leaves, stems, roots) and in the soil
is still limited.

The present paper investigated this question in 60 year old trees which are readily
accessible via scaffolding and canopy crane. Atmospheric CO2 was isotopically labeled
by a novel CO2 exposure system (tubeFACE) using 13C depleted CO2 at canopy level.
The study takes advantage of a unique 7-year O3-FACE experiment on adult European
beech (Fagus sylvatica) and Norway spruce (Picea abies) trees, to investigate changes in
C allocation cause by O3 exposure. We hypothesized that belowground C allocation of
both species is reduced under long-term O3 treatment (cf. [1]).

Results from adult trees are cross-compared with investigations on juvenile trees
grown in the phytotrons of the Helmholtz Zentrum Miinchen - German Research Center
for Environmental Health with a well established competitive setup of 20 beech and/or
spruce trees grown together within same soil container systems ([2], [3]).

[1] Andersen CP (2003) Source-sink balance and carbon allocation below ground in plants exposed to
ozone. New Phytologist 157:213-228.

[2] Grams TEE, Kozovits AR, Héberle K-H, Matyssek R, Dawson TE (2007) Combining 313C and 6180
analyses to unravel competition, CO2 and O3 effects on the physiological performance of different-
aged trees. Plant, Cell and Environment 30:1023-1034.

[3] Kozovits AR, Matyssek R, Blaschke H, Gottlein A, Grams TEE (2005) Competition increasingly
dominates the responsiveness of juvenile beech and spruce to elevated CO2 and/or O3 concentrations
throughout two subsequent growing seasons. Global Change Biology 11:1387-1401.
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Conifer cold hardiness, climate change and the likely effects of
increased air temperature on photosynthesis

Ingo Ensminger (1,2), Florian Busch (2,3), Lilian Schmid (3), Sebastien Caron (4),
Laurentiu A Tarca (5), Jon Lloyd (6), John MacKay (4), Norm PA Huner (2)
(1) Forest Research Institute of Baden-Wiirttemberg, 79100 Freiburg i. Br., Germany,
ingo.ensminger@forst.bwl.de
(2) Department of Biology and The BIOTRON, University of Western Ontario, London, ON N6A4 5B7,
Canada
(3) Institute of Chemistry and Dynamics of the Geosphere, Forschungszentrum Jiilich, 52425 Jiilich,
Germany
(4) Centre d'étude de la forét (Cef), Université Laval, Québec, QC GIK 7P4, Canada
(5) NIH-Perinatology Research Branch, Wayne State University, Detroit, MI 48201, USA
(6) School of Geography, University of Leeds, Leeds, LS2 9JT, UK

During winter and early spring, evergreen boreal conifers are severely stressed
because light energy cannot be used when photosynthesis is pre-empted by low ambient
temperatures. As the climate warms over the coming century, an increased length of the
growing season for boreal forest trees is predicted, thereby altering the carbon sink of
conifer forests. Some of these forests might also be negatively affected by increased
land surface air temperatures, due to e.g. the disruption of regulatory processes and
hence an incomplete exploitation of the increased length of the growing season. To
isolate the effect of temperature from the cellular to the ecosystem level, we studied the
dynamics of photosynthesis under boreal climate conditions in the field as well as in
controlled experiments in phytotrons. While photosynthesis of many species has a
positive response to temperature, recent findings suggests that photoperiod control of
dormancy in pine during autumn appears to negate any potential for an increased carbon
gain associated with higher temperatures during the autumn season. By contrast, the
onset of CO2 assimilation in spring is clearly triggered by increasing air temperatures,
however, low soil temperatures and intermittent frost can decrease the rate of the
photosynthetic spring recovery process in conifers. We conclude that adaptation of
photosynthesis to varying temperatures revolves around the trade-off between utilizing
the full growing season and minimizing damage (frost, oxidative stress) through proper
timing of hardening in autumn and dehardening in spring.
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The effect of soil temperature manipulation on leaf physiological traits
in 200 year old oaks

Onno Muller (1,2), Masahiro Nakamura (1) , Kouki Hikosaka (2) & Tsutom Hiura (1)
(1) Tomakomai Research Station, Field Science Center for Northern Biosphere, Hokkaido
University, Tomakomai 053-0035, Japan
(2) Graduate School of Life Sciences, Tohoku University, Aoba, Sendai 980-8578, Japan
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Models predict that the mean global temperature
will increase 1.4-5.8°C during the next century (IPCC). % ™[
Photosynthesis of canopy leaves is a major determinant
of the global carbon cycle [1,2] and photosynthesis is
strongly dependent on temperature (e.g. [3]). However
due to practical limitations at a canopy level, i.e. in
mature trees, the effect of global warming has seldom
been measured. We studied the response of global
warming on leaf physiological traits in the canopy by
warming up the soil around mature trees. We studied a
mature, deciduous broad-leaved forest stand in the
Tomakomai Experimental Forest, Hokkaido, Japan
(TOEF; 42°40' N,141°36" E) [4]. We selected 8 canopy
trees of Quercus crispula (around 20 m in height) at the
canopy crane site in TOEF. For 4 trees in a 5x5 m area
around the trunk heating cables were dug into the soil
and the soil was warmed up to 5 degrees above control o treatment |
soil temperature from spring 2007. Photosynthetic rates i i a s 0
were measured with an open gas exchange system in a . Month
3x2cm chamber (LI-6400, Li-Cor). Photosynthetic :;% LP“"“ (El)ld fif;ﬁlreﬁﬁz (?3
capacity (saturated light, 370 ppm CO2) and respiration at Septemzz} 2007. The mean +
20°C measurements were made on June 19-20, July 17-18, SD of 4 trees per treatment (+
August 20-22 and September 9-10 and 25-26 in 2007 and 5°C soil warming) and control
will be measured at the same interval in 2008. We used is shown.
attached unshaded leaves. Afterwards 3 leaf punches were
punched out per leaf, oven dried and analyzed with a NC analyzer (Vario EL III,
Elementar). Over the year the photosynthetic capacity (Pmax), stomatal conductance
(gs), intercellular CO2 concentration (Ci),leaf mass per area (LMA), leaf nitrogen
content per area (Narea) and per mass (Nmass) were highest in August or the beginning
of September and the respiration was highest in June. The annual physiological traits
dynamics were similar to previous research on Q.crispula [5]. The increase in soil
temperature did not alter the photosynthetic rates over the year. However the Ci , Narea
and Nmass were lower in the treatment trees. This resulted in a higher photosynthetic
nitrogen use efficiency (PNUE) in the warmed up trees. We will study if this trend
continues in 2008 and what leads to an increase in PNUE and its effect at the canopy
level. We will further discuss and present the results of 2007 and 2008.
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[1] Agric. For. Meteorol. 90:1-25. [2] Plant Cell Environ. 24:571-583. [3] Annu. Rev. Plant
Physiol.31:491-543. [4] Res. Bull. Hokkaido Univ. For. 55:1-10. [5]Tree Phys. 27:1035-1041.
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The influence of hydraulic limitation on growth and carbon supply of
tall ponderosa pines

G. Hoch (1) and A. Sala (2)
(1) Botanisches Institut, Universitdit Basel, Schonbeinstrasse 6, 4056 Basel, Switzerland
guenter.hoch@unibas.ch
(2) Division of Biological Sciences, University of Montana, USA

Trees are the tallest living organisms on earth, with some species reaching
maximum heights of more than 100 m. In addition to the obvious biomechanical
challenges that tall trees face, increases in tree height are also associated with
constraints on long distance transport processes, of which hydraulic constraints have
received much attention over the last decade. As trees grow taller the resistance to water
movement from roots to leaves increases. To prevent cavitation, tall trees close stomata
to a larger degree than shorter trees, thereby causing a reduction of photosynthesis, and,
presumably, growth. Originally proposed by Ryan and Yoder [1], this hydraulic
limitation hypothesis (HLH) aims to explain the age-related decrease in productivity in
stands and individual trees. However, despite a commonly reported cascade of hydraulic
constraints - reduced gas exchange - declined photo-assimilation, no evidence so far
supports the hypothesis that reduced photosynthetic activity in tall trees is indeed
responsible for reduced tree growth [2]. Such lack of evidence suggests that C
availability may not limit growth in tall trees. To elucidate a possible C-limitation of tall
trees, we measured stored mobile carbon pools (starch, low molecular weight sugars,
lipids) in leaves, branches and bole sapwood of ponderosa pines (Pinus ponderosa) of
different heights at two sites differing in water availability in western Montana, USA.
At both sites, trees showed a strong decline of basal area growth efficiency with
increasing tree height, and a trend of reduced volume growth efficiency from height
class 15-20 m to height class 35-40 m, especially at the drier site. In contrast to the
predictions of the HLH, however, the size of the mobile carbon pools largely increased
in the tallest height classes, indicating rather an overabundant C-supply than a shortage
of photo-assimilates in the tallest trees. Additionally, the increase of mobile carbon
stores with tree height was more pronounced at the drier site. Depending on tissue and
site, non-structural carbohydrates (NSC) increased from the smallest to the tallest tree
height class by 25 to 140 %, with the strongest effect in young branch sapwood. Like
NSC, lipid concentrations were markedly higher in the tallest height class in branch
sapwood at both sites. The only exception to this general pattern was found for lipids of
bole sapwood, which decreased moderately (by about 20 % compared to the smallest
height class) in the tallest trees. However, this decline might be due to an age-dependent
change in the proportion of polar (structural) to neutral (storage) lipids, which was not
analyzed within this study, and which therefore might not be related to a reduced C-
storage pool per se. Hence, we propose that C-limitation due to increasing hydraulic
constraints is unlikely to explain the observed decline of growth efficiency in tall trees.

[1] Ryan M.G. and Yoder B. J. (1997) Hydraulic limits to tree height and tree growth. Bioscience 47,
235-242.

[2] Ryan M.G., Phillips N. and Bond B.J. (2006) The hydraulic limitation hypothesis revisited. Plant, Cell
and Environment 29, 367-381.
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Are browsed Betula pubescens trees carbon-limited?

Sara Palacio, Alison Hester & Peter Millard
Macaulay Institute, Craigiebuckler AB15 8QH, Aberdeen, UK.

Browsing inhibits regeneration of native woodlands worldwide '. A direct
consequence of browsing during late spring or summer is a decrease in leaf area,
leading to a reduction in photosynthesis. Therefore, it has been suggested that a carbon
(C) limitation is the cause of reduced tree growth after browsing . This may have
consequences for the potential of browsed trees to sequester atmospheric C °. However,
data from long-term studies are
lacking.

To determine if repeated
summer browsing causes a C
source (photosynthetic) limitation
in trees, we analysed the non-
structural carbohydrate (NSC) and
nitrogen (N) concentrations and
pools of Betula pubescens Ehrh.
saplings subjected to different
annual treatments (unclipped, 33%
; ‘ ‘ : : and 66% shoot removal) for 7
80 85 40 4580 5560 years. The short-term effect of

Log (Total Biomass) browsing on C allocation was also
Fig. 1. Relationship between starch pool in the coarse roots  ggsessed by clipping trees with
and main stems of B. pubescens (g plant-1) and the different browsing histories and
logarithm of the total plant biomass. Different symbols . .
indicate different long-term clipping treatments: control an_al}’zmg their C and N responses
(®); 33% of current year’s shoots removed (0); and 66% of within the same growing season.
current year’s shoots removed (V). Data points were fited ~The hypotheses were that: (i)

to an exponential curve with the equation: y = -2.70 +  repeated summer browsing would
0.0233 (3.566 ); R* = 0.95, P < 0.001. cause a C source limitation in trees,

seen as decreased C partitioning to
starch and (ii) the NSC pools of trees subjected to a more intense summer browsing
regime would be smaller and more severely affected a single browsing event.

Repeated summer clipping significantly decreased sapling growth and soluble
sugar (SS) concentrations in fine roots. However, the relationship between starch pool
size and total tree biomass was not significantly different between long-term clipping
treatments (Fig 1), and hence there was no treatment effect on the C partitioning to
starch. Finally, simulated browsing decreased the NSC pools of main stems and the C
and N pools of the fractions removed by clipping in the short-term.

We conclude that summer clipping can decrease C pools in the short but not in the
long-term. Trees are able to compensate for C losses derived from browsing, so that
repetitive summer clipping performed over 7 years does not change the C partitioning of
B. pubescens trees growing in the wild. Altogether, our results support the view that
trees are not C (source) limited.

25

= = )
o (53] o
L L L

Starch pool (g plant '1)

(&2}
s

[1]S. D. Coté, T. P. Rooney, J. P. Tremblay et al., Annu Rev Ecol Evol S 35, 113 (2004).
[2]J. Hoogesteger and P. S. Karlsson, Funct Ecol 6, 317 (1992). - 3 C. Kérner, J Ecol 91, 4 (2003).
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Ecosystem-level water-use efficiency inferred from eddy covariance
data: definitions, patterns and spatial up-scaling

Markus Reichstein, Christian Beer
Max Planck Institute for Biogeochemistry, Hans-Knéll-Str. 10, DE-07745 Jena, Germany

In this presentation we discuss ways to infer and to interpret water-use efficiency
at ecosystem level (WUEe) from eddy covariance flux data and possibilities for scaling
these patterns to regional and continental scale. In particular we convey that:

WUEe may be computed as a ratio of integrated fluxes or as the slope of carbon
versus water fluxes offering different chances for interpretation. If computed from net
ecosystem exchange and evapotranspiration on has to take of counfounding effects of
respiration and soil evaporation.

WUEe time-series at diurnal and seasonal scale is a valuable ecosystem
physiological diagnostic for example about ecosystem-level responses to drought. Most
often WUEe decreases during dry periods.

The mean growing season ecosystem water-use efficiency of gross carbon uptake
(WUEGPP) is highest in temperate broad-leaved deciduous forests, followed by
temperate mixed forests, temperate evergreen conifers, Mediterranean broad-leaved
deciduous forests, Mediterranean broad-leaved evergreen forests and Mediterranean
evergreen conifers and boreal, grassland and tundra ecosystems.

Water-use efficiency exhibits a temporally quite conservative relation with
atmospheric water vapor pressure deficit (VPD) that is modified between sites by leaf
area index (LAI) and soil quality, such that WUEe increases with LAI and soil water
holding capacity which is related to texture.

This property and tight coupling between carbon and water cycles is used to
estimate catchment-scale water-use efficiency and primary productivity by integration
of space-borne earth observation and river discharge data.
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Long-term temporal variation in carbon-water interactions in a Scots
pine forest

Ivan Janssen & Bert Gielen
University of Antwerp, Research Group of Plant and Vegetation Ecology; Universiteitsplein 1, B-2610
Wilrijk, Belgium

In this paper, we will present an original analysis of a 10-year-long continuous
data set of carbon- and water balance estimates, constructed mainly via direct
measurements, and complemented with fluxes derived from a process-based ecosystem
model. During this time series climatic variability was very large, including several
pronounced drought- and/or heat waves, as well as inundations caused by extreme rain
events. The large climatic variability thus resulted in a wide range of soil water — and
oxygen availabilities, which must have affected plant- and microbial functioning.

The paper will assess the interactions between water availability and carbon
inputs, respiratory carbon losses, and carbon losses via leaching of dissolved organic
carbon (DOC). For the carbon inputs, we will determine the relationship between the
anomalies of gross primary productivity (GPP) and those in climate. We will also test
how water use efficiency (GPP / transpiration) is affected by soil water extremes and
temperature.

For the carbon losses, we will analyze time series of measured ecosystem- and
soil- respiration to determine when — and how intense the Birch effect occurs, how
drought influences the temperature responses, and last determine how flooding
influences the respiratory rates. In the last section, we will present the time series of
DOC leaching and determine the main drivers of this often-ignored carbon loss.
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Response of forest ecosystem fluxes and feedbacks to the atmosphere
during droughts of various degrees in the years 2000 to 2006

Alexander Knohl (1,2), Werner L. Kutsch (2), Martina Mund (2), Corinna Rebmann (2), Olaf Kolle (2),
Ernst-Detlef Schulze (2)
(1) Institute of Plant Science, ETH Ziirich, Universitdtstrasse 2, 8092 Ziirich, Switzerland
(2) Max Planck Institute for Biogeochemistry, PO Box 100164, 07701 Jena, Germany

Extreme climate events such as droughts are expected to increase in intensity and
frequency even in temperate regions, but the extent to which such events will impact
terrestrial ecosystems in their physiological functions and their feedbacks to the
atmosphere remains unclear. Based on continuous eddy covariance measurements at a
deciduous beech forest in Central Germany, we asses how carbon dioxide, water vapor
and energy fluxes respond to droughts of various intensities during the years 2000 to
2006.

We found a substantial decrease in net carbon uptake during the peak of the
drought in summer 2003 and in July 2006 which was mainly driven by soil water
shortage rather than by temperature excess. Plants were able to maintain fairly constant
ecosystem response functions to environmental parameters only for well-watered
conditions (relative plant available soil water > 0.45). Below this threshold light-
saturated carbon uptake (Amax) as well as the sensitivity of canopy conductance to leaf-
to-air vapor pressure gradient (D0) decreased sharply by up to 70% and recovered only
with the first precipitation. Leaf gas exchange measurements revealed that the decline in
ecosystem scale carbon uptake was caused by a decline in both, stomatal conductance as
well as in photosynthetic capacity.

Intrinsic water-use-efficiency as approximated by the product of water-use-
efficiency (GPP/ET) times leaf-to-air vapor pressure deficit (DL) increased below the
soil water threshold elucidating the close coupling of the carbon and water cycle. The
reductions in canopy conduction strongly decreased ecosystem evapotranspiration.
Since incoming radiation remained high during drought, this caused an unprecedented
increase in sensible heat fluxes. During drought the ecosystem operated as a substantial
source of heat to the atmosphere potentially causing important biosphere-atmosphere
feedbacks.
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Partitioning ecosystem carbon fluxes: Disentangling temporal
dynamics of all major component fluxes in a Mediterranean ecosystem

Stephan Unger (1), Cristina Maguas (2), Joao S.Pereira (3), Teresa S. David (4), Luis Aires (5) &
Cchristiane Werner (1)
(1) Exp. and Systems Ecology, University of Bielefeld, Germany, (sunger 19 @yahoo.de; Fax: +49-521-
1066038/Tel: +49-521-1065572
(2) Centro de Ecologia e Biologia Vegetal, Universidade Lisboa, Portugal
(3) Instituto Superior de Agronomia, Universidade Técnica de Lisboa, Portugal
(4) Estagao Florestal Nacional, Oeiras, Portugal
(5) Departamento de Ambiente e Ordenamento, Universidade de Aveiro, Portugal

Ecosystem respiration (Reco) is one of the major determinants of carbon balance
in most terrestrial ecosystems. Thus, a thorough understanding of processes driving
respiration and its isotopic composition is of major interest. Partitioning ecosystem
respiration into its component fluxes (e.g. Rsoil, Rroot, Rleaf) provides an important
tool to disentangle these processes.

We used a high-time resolved mass balance approach combining both respiration
fluxes (ecoflux approach) and their isotopic signatures (eco-isoflux approach) to
partition carbon fluxes of a Mediterranean ecosystem into all major component fluxes
during a spring to summer transition period.

First, both models have the potential to successfully partition soil and ecosystem
carbon fluxes into their assimilatory and respiratory components. They provide the
possibility to directly access the different responses in isotopic carbon fluxes to changes
in abiotic drivers. So far the keeling plot approach is the only way to determine isotopic
composition of ecosystem respiration (613CR). However, small CO2 gradients owing to
low respiratory activity or strong vertical mixing often impede the calculation of
significant keeling plot regressions. Our results indicate the eco-isoflux model as a
powerful alternative tool to bottom-up model 613CR during times when sufficient CO2
gradients for keeling plots are difficult to capture.

Second, a straight-forward Intube-incubation approach in combination with the
Keeling plot method enabled high-time resolved measurements of respiratory 813C of
all major ecosystem components (roots, soils, foliage). We found large short-term
variations in isotopic composition of CO2 respired (613Cres) from foliage and roots in
response to decreasing water availability at both diurnal and fortnight time scales. While
foliage respiration exhibited enrichment during day (up to 6%o) and a subsequent
depletion during night, 613Cres from roots exhibited an opposite pattern with increasing
enrichment at nighttime (up to 5.5%o). This effect became more pronounced with
increasing drought. These new findings are in accordance with recent theories regarding
post-photosynthetic fractionation in the dark respiratory pathways and during phloem
loading, which can have a large effect on 613CR.

The results obtained by our new model approach and the Intube-incubation
technique contribute to a more process-based understanding of isotopic variation in
ecosystem respired CO2.
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Functional diversity of Central European tree species — Traits, trade-
offs and ecological groups

Christoph Leuschner
University of Géttingen, Plant Ecology, Untere Karspiile 2, 37073 Gottingen, Germany

How species influence biogeochemical cycles depends largely on species-specific
patterns of resource use, notably the rates of CO2 and H20 exchange, light and nutrient
demands, and structural properties of the canopy and root system. Based on a
comprehensive data base of literature data of plant ecophysiological and demographic
traits and own measurements in various forest ecosystems, I will compare the nine
economically most important tree species of Central Europe (birch, pine, Sessile and
Pedunculate oak, spruce, fir, hornbeam, linden and beech) with respect to a set of about
20 traits. Most data refer to adult trees with additional information on several attributes
of seedlings and saplings. The analysis has three main objectives:

1) to group the species according to functional similarity,

2) to search for trade-offs and correlations among the traits, and

3) to provide a comprehensive parameter set for models of tree and forest
ecosystem  response to climate change.

The data set is used to challenge the classical dichotomy of tree functional types

(pioneer vs. late-successional) by including various ecophysiological and growth-related
traits that are rarely considered in descriptions of plant functional types.
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Functional role of tree biodiversity in 2 forest ecosystems

Werner C. Kutsch W. et al.

Ecosystems can be characterized in different ways depending on the point of view
or the scientific background. Summarizing these views, one can describe ecosystems by
their structure and metabolism. The species composition is part of the ecosystem
structure. Moreover, ecosystem structures are detailed by biomass or soil and canopy
architecture. Ecosystem metabolism represents the functional side. It can be described
by primary production, nutrient retention, or control and use of water resources.

Structure and function are connected. The biomass that is produced by the
ecosystem metabolism is used to construct the ecosystem structure, which vice versa
controls the efficiency of the ecosystem metabolism. One hypothesis is that ecosystems
with many species provide a more efficient metabolism than ecosystems with fewer
species. We tested this hypothesis by using two ecosystems functional parameters in
several deciduous forest ecosystems.

The first example are possible relations between canopy carbon uptake capacity
(FP,max) as measured with the eddy covariance technique (ecosystem metabolism) and
LAI as well as spatial and temporal variability of leaf traits (ecosystem structure). We
investigated leaf traits of four tree species in a mixed deciduous forest in northern
Germany in search for an explanation for the differences in canopy photosynthetic
capacity between different forest sectors consisting of different species and species
numbers (Quercus robur + Fagus sylvatica , Fraxinus excelsior + Alnus glutinosa, pure
Fagus).

We identified leaf traits that were adjusted to the canopy light profile in species-
specific ways, and for these traits the plasticity indices were calculated. Canopy
photosynthetic capacity did neither correlate with leaf area index (LAI) alone nor with
canopy plasticity indices which were almost similar between the three sectors although
it differed at the species level. It is suggested that the spatial variability of FP,max in
deciduous forests can be explained by a combined effect of LAI and some species-
specific reference leaf traits, rather than by the plasticity index or by pure LAI.

In a second study we compared a mixed canopy of Fagus sylvatica and Fraxinus
excelsior to a pure Fagus stand during a drought period in summer 2006. Leaf gas
exchange measurements suggested that beech trees responded faster and stronger to soil
drought and changed stomatal sensitivity to leaf to air water vapour pressure deficit,
while Fraxinus remained more progressive. Scaling these results in a modelling
approach resulted in an lower impact of drought in a two-species canopy than in a beech
monoculture and an increase of the Fraxinus contribution to total ecosystem carbon
uptake.

Both results support the hypothesis that multi-species canopies may buffer
unfavourable environmental constraints and increase efficiency in the use of resources.
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Simulation of NEE of forests and grassland with a one-dimensional
SVAT model on regional scale

Kuhnert, M.; Clausnitzer, F., Kostner, B.
Technical University of Dresden, Department of Meteorology, Piennerstr. 23, 01737 Tharandt, Germany

Climate change will affect the site conditions for plants and will result in shifts of
spatial distribution of vegetation. One very sensitive parameter for changes of the site
potential is the net primary production (NPP). This can be used to estimate effects of
changed climatic conditions on vegetation. To investigate changes at the landscape-
level by model approaches spatial differentiation of simulations is necessary.

Within the project LandCaRe 2020 future scenarios of climate are used to
simulate the NPP with a one-dimensional soil-vegetation-atmosphere-transfer (SVAT)
model. Such models require a high number of parameters which need to be adjusted
with respect to the input data based on detailed ecophysiological measurements and
physical data for the soil. Simulation results of spatially distributed data have to be
validated with observations in the field using data from anchor stations.

In the study differences in the spatial distribution are characterised by soil type
and land-use at two test areas in Saxony, Germany. The land-use data based on the
CORINE data set and the soil data on the conceptual soil map of the Landesamt fiir
Umwelt und Geologie (LfUG) Saxonia. The considered vegetation types are limited to
beech, spruce and grassland. Therefore, the land-use type “conifer forest” is represented
by spruce, deciduous forest is represented by beech and all grassland types are
combined. For the two test areas Torgau-Oschatz (1200 km2) and WeiB3eritzkreis (770
km2) polygons with similar combination of land-use and soil type are used as similar
functional units. The weather data are used from the weather station at the Anchor
Station Tharandt for the Weileritzkreis and from the weather station of the LfL. Sachsen
in Kéllitsch for Torgau-Oschatz (1997 to 2006). The soil parameters are derived by a
pedo-transfer function from the conceptual soil map of the LfUG Sachsen. For the
combination of the data set the NPP was simulated with the one-dimensional model
SVAT-CN and transferred to each functional unit.

The main objective of the presentation is to estimate the quality of the simulated
data and there extension to spatial distributed polygons with available observations in
the field. For a spruce stand at the Anchor Station Tharandt data of sap flow
measurements (2004 to 2006), net ecosystem exchange (NEE) and evapotranspiration
(1996 to 2006) are available including the input parameter for spruce based on
measurements at this test site. At a beech stand at Buchhiibel (located in the
Weilleritzkreis) sap flow measurements (2006) for the validation of the simulated
transpiration are available. The data set used for the characterisation of the beech based
on measurements at the test site in Hesse, France. The grassland is simulated with
vegetation parameters derived from the site Lindenberg (VERTIKO project), Germany,
and validated by yield data (1996 to 2006) of the experimental farm Kollitsch
(Landesanstalt fiir Landwirtschaft, Saxonia) as well as by data for NEE and
evapotranspiration measured at the test site at Grillenburg (WeilSeritzkreis). The
comparison of the measurements with simulated data shows reasonable results for the
beech and spruce stand as well as for grassland. Shortcomings of validation due to
heterogeneous sources of data are discussed.
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Large-scale shifts in vegetation and biogeochemical patterns in South
Patagonian ombrotrophic bogs

Till Kleinebecker, Norbert Hélzel, Sebastian Schmidt & Andreas Vogel
University of Miinster, Institute of Landscape Ecology; Robert-Koch-Str. 26-28, 48149 Miinster,
Germany

South Patagonian ombrotrophic peatland vegetation is characterized by a distinct
shift from hyperoceanic blanket bogs in the west dominated by cushion-building
vascular plants to more continental Sphagnum-dominated raised bogs. In past studies,
this strong floristic gradient was exclusively attributed to climatic constraints such as
the steep decline of annual precipitation from up to 10 000 mm in the western parts to
less than 500 mm towards the Patagonian Steppe.

Our findings proved that variation in bog vegetation is well reflected in
biogeochemical features of the peat: The availability of base cations and the total
nitrogen content decreased with increasing distance to the Pacific Ocean. Differences in
base cation availability are most likely attributed to the input of sea-born cations. As a
consequence, mineralization and decomposition are presumably enhanced, which result
in a better litter quality and higher total N contents of the more oceanic sites with
prevailing cushion plant vegetation. Sphagnum magellanicum as the dominating
constituent of the eastern bogs was found to be adapted to extremely nutrient-poor
conditions reflected by C/N-ratios of up to 250. Total nutrient contents in leaf biomass
of selected mire species confirmed the better nitrogen supply by a shift to more
phosphorous limited conditions in oceanic peatlands. In general, inter-specific variation
concerning biomass nutrient contents was much higher than intra-specific variation
along the east-west gradient. In contrast to the former state of knowledge, our findings
strongly suggest an important influence of the nutritional status on the floristic
composition of South Patagonian peatland vegetation.
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A framework to scale-up from species to ecosystem functioning using
species traits and abundance

Eric Garnier
CNRS, Centre d’Ecologie Fonctionnelle et Evolutive (UMR 5175), 1919 route de Mende, 34293
Montpellier Cedex 5, France

One pending question in ecology is to understand how species influence
ecosystem functioning (EF). It is now admitted that functional diversity, defined as the
kind, range and relative abundance of functional traits present in a community, is one of
the major factors affecting this functioning [1],[3]. In particular, some specific traits of
the dominant species, called effect traits, are thought to strongly influence EF, which is
often referred to as the “biomass ratio hypothesis” [5]. In parallel with these questions,
the current development of standardized protocols for the measurement of plant traits
[2] and data bases centralizing the wealth of information on species traits, e.g. [6] and
relevés [7] makes it possible to predict EF on a unprecedented scale, within the range of
applicability of the biomass ratio hypothesis. This will be possible if (i) the trait(s)
relevant to the ecosystem function of interest is (are) clearly identified, and (ii) the trait
value(s) extracted from the data bases can be used in the situations where the relevés are
available. This will depend on whether the differences in environmental conditions
between the location of the relevé and that where the trait was initially measured are
large, and whether the intraspecific variability of the trait is substantial.

Here, I will present a framework that articulates the different steps involved in
the approach presented above, and apply it to the case of litter decomposition.
Community-level decomposition of leaf litter measured in a Mediterranean old-field
succession in Southern France was significantly related to the community weight mean
leaf dry matter content (LDMC), calculated from species abundance and LDMC of
individual species measured in situ [4]. I will show here community-level
decomposition can also be successfully predicted when species LDMC data are taken
either from an experiment conducted in an experimental garden or from the LEDA trait
base [6], which covers the North-Western part of Europe. These findings validate the
general framework proposed in the case of a particular process for which a relevant trait
can be identified.

[1] Chapin, F.S. III et al. (2000) Consequences of changing biodiversity. Nature, 405, 234-242.

[2] Cornelissen, J.H.C. et al. (2003) A handbook of protocols for standardised and easy measurement of
plant functional traits worldwide. Australian Journal of Botany, 51, 335-380.

[3] Diaz, S. et al. (2007). Functional diversity - at the crossroads between ecosystem functioning and
environmental filters. In Terrestrial Ecosystems in a Changing World (eds J.G. Canadell, D.E. Pataki
& L.F. Pitelka). Springer-Veralg, Berlin.

[4] Garnier, E. et al. (2004) Plant functional markers capture ecosystem properties during secondary
succession. Ecology, 85, 2630-2637.

[5] Grime, J.P. (1998) Benefits of plant diversity to ecosystems: immediate, filter and founder effects.
Journal of Ecology, 86, 902-910.

[6] Knevel, I.C. et al. (2003) Life-history traits of the Northwest European flora: The LEDA database.
Journal of Vegetation Science, 14, 611-614.

[7] Schaminée et al. (2007) Use of the ecological information system SynBioSys for the analysis of large
datasets. Journal of Vegetation Science, 18, 463-470.
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Grazing intensity changes functional structure and impacts ecosystem
processes

Benoit Marion, Nicolas Rossignol, Anne Bonis, Jan Bernard Bouzillé
UMR-CNRS 6553 ECOBIO, Université de Rennes 1, Campus de Beaulieu, 35042 Rennes cedex, France

In grazed grasslands, plant communities structure results notably from the
filtering of species regional pool on the basis of traits involved in grazing resistance.
Plant height, specific leaf area (SLA), leaf dry matter (LDMC) and leaf nitrogen content
(LNC) could constitute important traits to this respect. These traits have also been found
to be linked to primary productivity and nutrient cycling. This work intends to
simultaneously investigate functional structure (community-aggregated traits and
functional diversity) and ecosystem processes for plant assemblages deriving from a
panel of grazing intensities.

Two main working hypothesis have been tested: 1- the “Niche complementarity
hypothesis” which predicts that communities with high ecological differences among
species, i.e. high functional diversity, would optimise resources use and ecosystem
processes. 2- the “Biomass-ratio hypothesis” (Grime, 1998) which proposes that species
impact ecosystem processes proportionally to their relative biomasses. In this view,
aggregated-traits values are expected to relate well with ecosystem processes.

This study was conducted in a in situ experimental design in a wet grassland,
controlling for herbivores stocking rates and species (horse or cattle) where a plant
patches mosaic was described. Patches contrasted both by their species compositions
and their consumption rates by herbivores. Two communities were studied
(mesophilous and meso-hygrophilous) for generality purpose. Plant traits (SLA, LDMC,
LNC and height) and ecosystem processes (primary productivity and soil nitrogen
mineralisation rate) were measured in various grazed patches types and in a long term
grazing-exclosure.

Aggregated-traits were found to vary significantly along the grazing gradient.
Grazing resistance was associated with both avoidance traits (small height) and
tolerance traits (high SLA, high LNC, low LDMC). Functional diversity was lower in
the absence of grazing when contrasted functional strategies coexisted in grazed
patches. Aggregated SLA and LDMC were respectively corelated positively and

negatively with N
mineralisation ~ rate  and 25
productivity (fig.1) =
accordingly to the biomass- \g 21
ratio hypothesis. No clear < 15
related pattern  emerged 2
between functional diversity c—ﬁ T
and ecosystem 2
£ 05
processes. =
Fig.1 : Relationship between soil 0 w w w w
N mineralisation rate and 10 15 20 25 30 35
agregated SLA (r=0.75, p<0.05) agregated SLA (m2/kg)
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Plant functional traits, resource utilization and ecosystem processes in
mountain grasslands differing in land use

Michael Bahn, Karin Bianchi, Wolfgang Gamper, Walter Michaeler, Michael Schmitt, Dagmar
Rubatscher, Georg Wohlfahrt, Ulrike Tappeiner, Alexander Cernusca
Institute of Ecology, University of Innsbruck, Austria

Land-use changes affect both the composition and the diversity of species in
mountain grasslands. The related changes in plant functional traits, rather than species
numbers per se, can be considered as major determinants of ecosystem biogeochemical
cycles. Nine functional traits of more than 120 vascular plant species in 19 differently
managed mountain grasslands across Europe were analysed as regards their response to
land use and their within-site variation (i.e. the functional diversity of the ecosystems).
It was found that with decreasing intensity of land management specific leaf area and
mass-based leaf nitrogen concentrations (NL) decreased, whilst leaf mass ratio and area-
based NL increased. The variation of canopy height, a measure of spatial heterogeneity,
changed with land use and was closely related to the variation of plant height and
carbon/nitrogen ratios, but not of biomass and leaf area. Whole plant resource utilization
was generally more strongly affected by plant size and architecture than by physiology.
The observed convergence between plant functional traits and ecosystem carbon and
nitrogen dynamics indicates a close coupling of processes determining plant and
ecosystem functioning across grasslands differing in land use.
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Quantifying photosynthetic capacity and its relationship to leaf
nitrogen content for global-scale terrestrial biosphere models

Jens Kattge (1), Wolfgang Knorr (2), Thomas Raddatz (3), Christian Wirth (1)
(1) Max-Planck-Institute for Biogeochemistry, Hans-Knoll Str. 10, 07745 Jena, Germany
(2) QUEST University of Bristol, Dept. of Earth Sciences, Wills Memorial Building, Queen’s Road, UK
(3) Max Planck Institute for Meteorology, Bundesstrafle 53, 20146 Hamburg, Germany

Photosynthetic capacity and its relationship to leaf nitrogen content are two of the
most sensitive parameters of terrestrial biosphere models (TBM) whose representation
in global scale simulations has been severely hampered by a lack of systematic analyses
using a sufficiently broad database. Here, we use data of categorical traits, climate and
soil to sub-divide the terrestrial vegetation into functional types (PFT), and then
assimilate observations of carboxylation capacity, Vmax (723 data points), and
maximum photosynthesis rates, Amax (776 data points), into the C3 photosynthesis
model proposed by Farquhar et al. (1980) to constrain the relationship of Vmax25
(Vmax normalized to 25°C) to leaf nitrogen content per unit leaf area for each PFT. In a
second step, the resulting functions are used to predict Vmax25 per PFT from easily
measurable values of leaf nitrogen content in natural vegetation (1966 data points).
Mean values of Vmax25 thus obtained are implemented into a TBM (BETHY within
the coupled climate-vegetation model ECHAMS/JSBACH) and modelled gross primary
production (GPP) is compared to independent observations on stand scale.

The range of mean Vmax25 between PFTs is dominated by differences of
photosynthetic nitrogen use efficiency (NUE, defined as Vmax25 divided by leaf
nitrogen content), while within each PFT, the scatter of Vmax25 values is dominated by
the high variability of leaf nitrogen content. Apart from providing parameter ranges per
PFT constrained from much more comprehensive data, the results of this analysis
enable several major improvements on previous parameterisations. 1) We find a
systematic depression of NUE on certain tropical soils that are known to be deficient in
phosphorous. 2) Vmax25 of tropical trees derived by this study is substantially lower
than earlier estimates currently used in TBMs, with an obvious effect on modelled GPP
and surface temperature. 3) The root-mean-squared difference between modelled and
observed GPP is substantially reduced.
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Can plant traits predict soil nutrient cycling?

Orwin, K.H. (1), Buckland, S., Johnson D. , D. (2) Bardgett, R.D. (1)
(1) Soil and Ecosystem Ecology, Lancaster University, Lancaster, LAl 4YQ, UK
(2) Institute of Biological and Environmental Sciences, Cruickshank Building, University of Aberdeen,
Aberdeen, AB24 3UU, UK

Although it is recognised that different plant species result in different soil
systems, we do not yet fully understand which plant traits are the primary drivers of
those effects. Such understanding is required to predict how ecosystems will respond to
species invasions, and how changes in species composition may affect ecosystem
services. It has been proposed that plants that have a slow growth rate will produce
lower quality litter that slows down rates of decomposition and leads to shifts in soil
microbial community composition towards fungal-dominance. In contrast, plants that
have a fast growth rate should produce high quality litter that results in faster rates of
decomposition and a bacterial-dominated soil microbial community. However, to date
this has not been experimentally tested.

We tested these hypotheses using 7-year old monoculture plots in an upland
temperate grassland in Scotland. These plots consist of monocultures of 9 grassland
plants of contrasting functional type that vary in their relative growth rates, an
unplanted control, and a natural grassland community. Soil microbial activity (basal
respiration), biomass (FE), and a number of soil chemical variables were measured on
soil collected from each plot. Relationships between plant traits and soil properties were
determined using regression analyses.

Results showed strong effects of plant species composition on soil properties.
However, contrary to our prediction, relative growth rate was unable to predict any of
the soil variables. Stepwise regression analyses using leaf traits (specific leaf area, leaf
dry matter content, leaf toughness, leaf thickness, leaf %N) and root traits (root density,
root %C, root %N, root %P) as independent variables indicated that leaf %N was the
best predictor of soil ammonium concentrations (+* = 0.78), that root density was the
best predictor of in situ CO, fluxes, total inorganic N and mineralisable N (+* > 0.5) and
that root C was the best predictor of soil nitrate concentrations (** = 0.7). However,
neither leaf traits nor root traits showed any significant relationships to basal respiration,
microbial biomass, or decomposition rates.

Overall, our results suggest that soil nitrogen pools may be predictable based on
plant traits. However, plant traits, in this study system at least, were unable to predict
soil properties more closely linked to the carbon cycle (e.g. basal respiration
decomposition rates). This suggests that links between plant species and the soil system
are not as straight forward as we might predict.
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Agrochemicals Risk Assessment for Pollinators

Stefania Barmaz *, Alessio Ippolito & Marco Vighi
University of Milano-Bicocca, Department of environmental landscapes sciences, Pizza della Scienza 1,
20126 Milano, Italy

Pollinators are well known to provide key ecosystems services to both natural and
agro-ecosystems [1]. Anyway in agroecosystems this service may be at risk because of
use of agrochemicals. Within ALARM project, a specific activity (PACRAT:
Pollinators and pollination in response to Agro-Chemicals and land-use as a Risk
Assessment Tool) was planned in order to develop, apply and validate a methodology to
assess risk for pollinating insects in agroecosystems. The procedure was applied to 23
“4x4 kilometres™ field sites distributed all around Europe (figure 1) and representatives
of the most important crops (cereals, olive, vineyard and orchard) and climatic
conditions. For each field site a “disturbed” and an “undisturbed” 4x4 km square was
selected. In each site data on pesticide application were collected to predict pollinator
exposure in space and time. In the meantime environmental samples (foliage, pollen,
flowers) had been collected to validate exposure prediction. Three sampling dates were
decided as a function of the main insecticides applications:

Ist sample: before pesticide application on main crops (e.g. for most cereals in
south-central Europe, end of March-early April, for other crops even later);

2nd sample: within two weeks after the first relevant pesticide application period
(e.g. for cereals in south-central Europe, middle April);

3rd sample: within two weeks after the second relevant pesticide application
period (if one), in any case not less than one month after 2nd sample.

For each site a map of theoretical risk from
agrochemicals was developed taking into account -
land use, environmental fate of active ingredients ;
and feeding behaviour of most important taxa of
pollinators. Oral and contact exposure were taken

into account as the main exposure route for ol 03 NN S e
pollinators an related maps were developed. o S R TEANY =S SRS,
After a preliminary worst case risk T W\ EE b

assessment, insecticides had been selected to : SR s
develop risk maps. For each of the main taxa, pjgure 1: Selected field sites for PAC
exposure was evaluated taking into account data on
pollen collection and feeding area of pollinators. Starting from landuse and
agrochemical data a TDI (Total Daily Intake) was calculated and compared to short
term and acute ecoxicological endpoints to characterize risk for pollinators.

The obtained maps were compared with data on biodiversity of pollinators
communities, collected for each site within ALARM project, to calibrate and validate
the proposed risk assessment procedure.

Despite of the availability of official risk assessment procedures, e.g. European
and Mediterranean Plant Protection Organisation (EPPO) guidelines No.170 [2] and
related scheme for honeybees [3], few are the studies that underline actual effect of
agrochemicals on natural communities. Furthermore traditional ...abstract to long/cut
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Spatial and temporal differentiation of net primary production and
organic matter decomposition in agricultural landscape of
Wielkopolska — West Poland in global change context.

Zdzislaw Bernacki
Research Center for Agricultural and Forest Environment PAS, Bukowska Street 19, 60-809 Poznan,
Poland

Net primary production (NPP) and organic matter decomposition rate of different
ecosystems (agricultural fields, meadows, afforestations and forests) in agricultural
landscape were studied. Influence of climatic and soil factors on these processes was
determined. Impact of landscape structure, especially midfield shelterbelt effect, on
NPP and decomposition rate was also estimated.

Average NPP values in particular ecosystems were 1804,08 g d.wm™ in
agricultural fields, 2047,57 g d.w'm™ in meadows 1666.99 g d.wm™ in afforestations
and 1374.37 g d.wm? in forests. Differences of NPP between distinguished types of
ecosystems were insignificant. Statistically significant differences were found between
seasons.

The main factors influenced NPP were: a) soil humidity, b) sum of rainfall in
vegetative season, ¢) mean air temperature in vegetative season. There wasn’t any
dependence of NPP on nitrogen and phosphorus content in soil

Decomposition rate was more differentiated then NPP and influenced by more
factors. The highest rate of decomposition was found on a meadows, the lowest in
forests. Range of decomposition rate coefficient was between 0.2 mg-g™+d”" in forest, in
winter and 16.0 mg'g'-d”" on the meadow, in summer. The main factors influenced
decomposition rate were: a) sum of rainfall during study period, b) sum of rainfall
during last two years, c) sum of temperature over 5°C, d) N:P ratio in decomposed
material, €) N and P content in the soil.

Impact of landscape structure on studied processes was clearly visible on
agricultural fields. Presence of midfield shelterbelts influenced primary production
mainly by modifying of soil humidity, while decomposition rate was modified mainly
by changes in soil fertility, caused by different intensity of soil erosion near shelterbelts.

Gained results showed, that climate change prognosed for Polish Lowland i.e.:
increase of temperature and shift of rainfall to winter period will elevate impact of
environmental factor on NPP and decomposition rate. Water availability should become
more serious problem for maintenance of NPP, especially on crop fields. Changes in
NPP, may change content of chemical elements in plant biomass. In consequence
decrease of humidity and reduction of N content in litter should also diminish
decomposition rate and retard biogeochemical cycles.
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Resource availability effects translocation and accumulation of
nonessential heavy metals (and radionuclides) more than drought in
trees

Carsten Brackhage, Gert E. Dudel
Institute of General Ecology and Environmental Protection, TU Dresden, Germany

Nonessential elements, depending on their bioavailability, are not transferred in
relevant amounts into aboveground plant parts by most plant species and especially
woody plants (avoidance, Baker et al. 1994) with the exception of some hyper-
accumulator plants. In general nonessential elements do not play a major part in neither
internal biochemical cycling nor biogeochemical cycling compared to essential
elements like potassium or calcium. Most of these elements accumulate in or on roots,
in root litter and humic substances unless they are discharged bound e.g. to DOC. On
the other hand some plants take up and accumulate nonessential elements to a larger
extent in aboveground plant parts hence include them into internal and biogeochemical
cycling. Experimental data as well as investigations on site show that in most cases
these plants are not able to maintain the inner homeostasis to avoid the stress. This leads
to low productivity and the accumulation of e.g. heavy metals which in turn destabilises
the system further. Consequently, ecosystem functions as well as biogeochemical
cycling are affected.

Based on investigations on contaminated mining dumps the uptake, accumulation,
and translocation of essential and nonessential elements by woody plants were
investigated under controlled conditions (pot experiments, open-top chambers) with
increasing limitation of water (drought) and selected nutrients. Results here focus on the
nonessential element uranium. As mentioned for other nonessential elements uranium
accumulates in the roots and here mainly in the root cortex of different species. Overall
transfer to the shoot is very low. Leaves do have higher uranium concentrations than
stem and twigs depending on the conditions the plants were grown in. The pattern of
internal cycling can be compared to that of calcium. An effect of low water availability
(drought) is not very obvious. The effect of low phosphor availability in the soil on
uranium uptake and translocation is predominant. This is discussed in the context of:

- chemical speciation and complexation of metals (uranium) by organic polymers
(e.g. carbonic acids, aromates) on root surfaces together with cation — anion
exchange mechanisms.

- drought affecting bioavailability of uranium and transpiration hence uptake
intensity

- phosphorus deficiency which enhances uranium uptake due to stoichiometric
imbalances.

It is concluded that a general validity has to be proofed using more and different
species as well as trees of different age. Moreover the effect of energy deficiency (PAR-
Limitation) on the homeostasis and stress compensation might be of major interest
together with investigations on the possibly synergistic effects of other stress factors
(e.g. ozone, NOy, herbicides).

87



Session 1.2 Poster Presentations
Biogeochemical cycles of terrestrial ecosystems in a changing environment

Putting demography into its ecological context

Johan P Dahlgren & Johan Ehrlén
Stockholm University SE-106 91 Stockholm, Sweden

The connection between demography and the abiotic environment is a “missing
link” in ecology. Effects of biotic interactions on vital rates are better known but have
only rarely been linked to population dynamics. The ultimate effects of environmental
factors on population dynamics are evident from studies linking differences in
environment to species distributions, densities, and population sizes. Demographic
studies have also shown differences among patches of plants. However, explicitly
linking abiotic and biotic environmental factors to demography is necessary to fully
understand and predict population dynamics.

Advances in computer technology and modeling tools now enable simultaneous
analyses of the importance of multiple environmental factors by their inclusion in
demographic models. We have studied the importance of abiotic and biotic interactions
to population growth rate of Actaea spicata. A. spicata is a long lived perennial herb
occurring in nutrient-rich forests. We conducted a detailed demographic study over
three years on a total of 1 323 individuals, and assigned environmental variables to each
individual. Using linear and logistic regression analyses, we selected the most important
out of eleven environmental variables affecting individual growth, survival and
reproduction by choosing the best sub-models based on Akaike's Information Criterion
(AIC). Soil potassium concentration, acting on individual growth, and pre-dispersal
seed predation by a specialist Geometrid moth appeared to be the most important
environmental factors. We therefore incorporated these two factors into integral
projection models of population dynamics. At the population level, both factors were
found to potentially limit the habitat range of this species due to their effects on
population growth rate (Fig. 1). The change of potassium concentration over forest

succession can also be incorporated into the 1 | 2 (o

models which can then show the effect of — A
temporal environmental change. 50

Demographic approaches such as this A®
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and biotic effects on population growth rate, \
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Abstract too long for print

Soil potassium concentration

Figure 1. Population growth rate (A) as a function
of different levels of soil potassium concentration
(mg per 100 g soil) and seed predation (proportion
of damaged fruits).
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Effects of extreme climate events on temperate plant communities

Freja Dreesen & Hans J. De Boeck
Research group of Plant and Vegetation Ecology, University of Antwerp, Universiteitsplein 1, B-2610
Wilrijk, Belgium

Climatic changes have received a lot of scientific attention the past decade, but the
majority of these studies only focus on mean climatic changes, although the impacts of
extreme climatic events such as heat waves and drought periods on plants are thought
be potentially greater. Moreover, the predicted fast increase in frequency of occurrence
of such extreme events further stresses the importance of research on this topic. Periods
of heat and drought can affect plant functioning in a variety of negative ways (e.g.
damage to membranes, reduced photosynthetic electron transport, altered growth and
carbon allocation), but heat waves could also stimulate plant growth in certain seasons
if their occurrence brings temperatures closer to the metabolic optimum, as could be the
case in spring or autumn. Nevertheless, very little research exists on such seasonal
responses. Furthermore, the interactive effects of heat and drought waves, which can be
more detrimental than either stress alone, are still poorly understood.

We therefore exposed identical three-species plant communities to extreme heat
and/or drought waves induced in three different periods of the year (late spring, summer
or early autumn). Heat waves were created using the FATI technique (Free Air
Temperature Increase), through which vegetation is heated in a uniform and precise
manner, using infrared heating lamps. Our plant communities were watercontrolled and
drought was created by withholding water from the plants. The intensity of the 10-day
heat waves and the duration of the drought period were computed from the database of
the Royal Meteorological Institute of Belgium to simulate extremes that currently occur
on average once every 75 years.

Here we present preliminary data of 1) the influence of the separate and combined
effects of heat waves and drought periods and 2) the seasonal effects of these extreme
events, through the measurement of ecophysiological parameters such as
photosynthesis, transpiration, water-use-efficiency, chlorophyll fluorescence, etc.
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Are plant tissue nutrient concentrations an appropriate indicator for
the nutrient supply status?

Ronny Goldberg & Michael Manthey
Ernst-Moritz-Arndt-University, Institute of Botany and Landscape Ecology;
Grimmer Str. 88, 17487 Greifswald, Germany
ronny.goldberg@uni-greifswald.de

Nitrogen and phosphorus tissue concentrations in plants as well as the N:P ratio
are increasingly used as indicators for nutrient limitation. There is an ongoing debate
whether nutrient concentrations are a plant trait or dependent on available nutrients. For
the latter an increased uptake in case of bigger supply would be expected.

So far research on this topic has focussed on wetland ecosystems. In our study we
sampled total standing crop biomass for functional groups (grasses, herbs, legumes) as
well as five widely distributed species (Achillea millefolium, Arrhenatherum elatius,
Elytrigia repens, Holcus lanatus, Plantago lanceolata) on grassland sites in
Northeastern Germany that are not effected by ground water but reflect a gradient in
nutrient supply. Additionally, we used data from a fertilizing experiment. Vegetation
composition was recorded and biomass samples analysed for P and N content. Ellenberg
indicator values and total standing crop biomass were used as a first estimate for
nutrient status.

Species differed in their performance concerning tissue nutrient content for
empirical and experimental data.

For experimental data there was no consistent pattern for P concentrations. By
contrast N concentrations where higher for all species in all fertilized plots. Here Holcus
lanatus showed the weakest dependence on increased nutrient supply. Species N
concentrations varied more among treatments than among species.

On field sites all species varied in responses. Nitrogen concentrations in Plantago
lanceolata and Holcus lanatus were significantly correlated to mean Ellenberg nitrogen
values and total standing crop biomass. For all other species and for phosphorus
concentrations no correlation could be investigated.

Nitrogen content in plant tissue responded to increased nutrient availability but
differed significantly between the investigated species. At least nitrogen concentrations
are both site dependent and a plant trait.
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Effects of the extreme drought in spring 2007 on productivity and
biomass nutrient content in alluvial meadows

Norbert Holzel, Valentin Klaus, Jorg Sintermann,
University of Miinster, Institute of Landscape Ecology, Robert-Koch-Str. 26-28, 48149 Miinster, Germany

In most parts of Central Europe, spring 2007 was characterized by extremely dry
and unusually warm weather conditions with zero precipitation and daily maximum
temperatures mostly above 25 °C for more than seven weeks between March 25 and
May 6. This situation bears a close resemblance to what many regional climate models
predict for the late part of the 21* century. In this paper, data demonstrating the impact
of the extreme spring drought in 2007 on productivity and leaf nutrient concentration of
alluvial grasslands in the Upper Rhine valley are presented. Although species
composition and soil nutrient content suggested a steep trophical gradient under average
conditions, the extreme spring drought led to an unexpected equalisation in the amount
of standing crop and nutrient concentrations in aboveground biomass of alluvial
meadows. Biomass production and nutrient contents in highly fertile species-poor
meadows dropped to the level of mesotrophic species-rich stands containing numerous
rare and endangered species. Our finds suggest a future shift in Central European
grassland vegetation towards drought-tolerant species with low nutrient demands
irrespective of soil nutrient potentials. Implications for biodiversity, nature conservation
and management will be discussed.
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Effects of elevated CO2 on the growth of seedling Pinus densiflora and
soil enzyme activities

Sung Hyun Kim (1), Soo Hyun Chung (2), Ho Jung Kang (3), In Sook Lee (1)
(1) Department of Eco Science, Ewha Womans University, 120-750, Seoul, Korea
(2) Department of Environmental Science and Engineering, Ewha Womans University, 120-750, Seoul,
Korea
(3) Department of Civil and Environmental Engineering, Yonsei University, 120-749, Seoul, Korea

Elevated atmospheric CO2 concentration influence function of plant
phytosynthesis, and there caused the change on soil material cycle. This work was
investigated the effects of the concentration of elevated CO2 on the growth of Pinus
densiflora and soil organic matter digestion ratio of microbe. Three-year pine trees were
planted and cultivated for 12 months in the growth chamber where CO2 concentration
was controlled at 380 and 760 ppmv respectively and we measured by 4 months. Soil
physical-chemical parameters in both bulk and rhizosphere soil were not affected by the
CO2 concentration increased during whole experimental periods. The root elongation
and biomass of pine was not affected by the CO2 concentration increased, but C: N
ratios of pine leaf were increased under elevated CO2. Dehydrogenase activities of soils
were not affected, but activites of P-glucosidase, N-acetylglucosaminidase and
phosphatase were influenced by elevated CO2. Especially, these activities in bulk soil
significant were increased by elevated CO2 (p<0.05). Thus, elevated CO2 concentration
can affect chemical metabolism on pine tissue and path of organic decomposition
although it has not an effect growth of pine and soil enzyme activities.

Table 1: C:N ratio of Pinus densiflora grown under ambient or elevated atmospheric CO,

Organ 4M 8M 12M

needle C 3877 379 339 <«
E 441 505 512 —

Root C 39.7 40.0 39.2 =
E 39.8 39 396 =

FIGURE FORMAT!
Abstract too long/cut!
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Short term effect of eutrophication on carbon cycling in grassland
ecosystem

Eva Kastovska, Tomas Picek., Katerina Zemanova, Keith R. Edwards
Department of Ecosystem Biology, Faculty of Sciences, University of South Bohemia,
Branisovska 31, CZ-37005 Ceské Budéjovice, Czech Republic

Two grasslands in Czech Republic were studied: (1) a nutrient poor sedge
meadow on organic soil and (2) a mesotrophic sedge-sweet grass meadow on mineral
soil. Eutrophication was simulated by the application of NPK fertilizer to selected
permanent plots in 2006 and 2007 in amounts of 9 kg N + 4 kg P ha™ year” (low dose)
and 45 kg N + 20 kg P ha™ year” (high dose).

After two years of fertilizer application, we observed an increase in net
aboveground plant production (about 9-12 kg ha” year™) connected with an increase in
shoot:root ratio in fertilized plots of both sites, with more pronounced changes in
oligotrophic sedge meadow. Although these changes were not statistically significant,
they were reflected by a markedly higher in situ total CO, efflux from the ecosystem as
well as by significant increase in total soil respiration in case of sedge meadow. At
mesotrophic site, we found no significant effect of fertilization on CO; efflux from the
system. Effect of fertilization on methane and nitrous oxide emissions from both
meadows was also studied, however, the emissions were negligible (under detection
limit) from all plots at both sites during the whole study period. Fertilization also caused
changes in soil microbial characteristics. After nutrient addition, we observed a decrease
in C:N ratio of microbial biomass, increased amount of soluble recalcitrant carbon in
soil and some hints of enhanced soil nitrogen cycle. Due to the non-significant direct
effect of fertilization on microbial N transformation, we suppose prevailing
immobilization of added nutrients by plants and important role of indirect effects on soil
microbes mediated by plants in longer-term.

Above mentioned plant and soil responses to fertilization indicate on-going
changes in C flux and its allocation within the system as higher plant photosynthetic and
respiration activity, higher carbon losses from rhizosphere, changes in composition and
activity of soil microbial community and shift in biochemical composition of soil
organic matter in fertilized plots. Peaty oligotrophic soil seems to be more sensitive to
nutrient addition then mineral soil. However, final effect of fertilization on ecosystem C
balance stays unknown and longer study is necessary to draw explicit conclusion.
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Effects of elevated atmospheric CO2 concentrations on pests of oilseed
rape

V. Kryvynets, P. Hogy, J. Franzaring, A. Fangmeier
Institute for Landscape and Plant Ecology, Universitdt Hohenheim, 70593 Stuttgart

One of the reasons for global climate change is the increase in the atmospheric
CO2 concentration [2], which will influence plant growth, the habitat and nutritional
conditions of phytophagic insects due to alterations in the chemical composition of
plant tissues [1], [4]. As proposed by [3], changes particularly in the carbon to nitrogen
ratios within plant tissues may lead to larger damage by insect consumption due to
greater population growth.

In 2007, oilseed rape (Brassica napus L. ssp. napus) was cultivated at the
Universitit Hohenheim (Germany) in an open field experiment using a Mini-FACE
(free-air carbon dioxide enrichment) system in order to examine potential effects of
CO2 enrichment on pests. Exposure consisted of three CO2 treatments utilising five
replicates each: Control — ambient CO2 without technical equipment (380 pl I-1 CO2),
Ambient — ambient CO2 with technical equipment (380 ul 1-1 CO2) and FACE —
elevated CO2 with technical equipment (530 pl 1-1 CO2). The progress of pest
infestation was monitored from leaf emergence until crop maturity using two methods:
(1) pest counting per plant and (ii) applying yellow adhesive traps to collect
representative samples over weekly intervals. Occurrence of Athalia rosae L., Cicadella
viridis L., Dasyneura brasicae L., Delia radicum L., Frankliniella occidentalis L.,
Meligethes aeneus L. and Trialeurodes vaporariorum L. was observed upon the plants.
Significant CO2 effects were observed only during flowering of oilseed rape (84 days
after sowing) on Meligethes aeneus L. using method (i) and at ripening (91 days after
sowing) on Cicadella viridis L. using method (ii). Average numbers of Cicadella viridis
L. reached 0.4 + 0.89 individuals per trap under 380 pl 1-1 CO2 and 2.0 + 1.22
individuals per trap at 530 pl I-1 CO2. For Meligethes aeneus L. 0.6 + 0.14 individuals
per plant were found under 380 pl 1-1 CO2 and 0.34 + 0.08 individuals per plant at 530
ul1-1 CO2.

Phenology was accelerated under elevated CO2. Results suggest that the
occurrence of Cicadella viridis L under elevated CO2 is more than under normal
atmospheric CO2. It is recommended to follow up experiments as elevated CO2
concentrations affect the phenology of the crop and may increase the risk of pest
outbreaks in crops in the future at specific growth stages.

[1] Brown, V.C. (1995): Insect herbivores and gaseous air pollutants —current knowledge and predictions.
In: Insects In a Changing Environment (eds Harrington R., Stork, N.E.), 219-249pp. Academic Press,
New York.

[2] IPCC (2007): Climate Change 2007: Fourth assessment report of the intergovernmental panel on
climate change. Cambridge University Press, Cambridge. (in press.).

[3] Newman, J.A., Gibson, D.J., Parsons, A.J., Thornley, J.H.M. (2003): How predictable are aphid
population responses to elevated CO2? Journal of Animal Ecology 72(4): 556-566.

[4] Weigel, H. -J. (2005): Schlechtere Pflanzenqualitit durch mehr CO2 in der Atmosphére.
Bundesforschungsanstalt fiir Landwirtschaft, Institut fiir Agrardkologie, 14: 415-421
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10 years of Free Air Carbon dioxide Enrichment (FACE) on
grassland: Are there long-term effects on soil C pools and the
ecosystem trace gas balance?

Lenhart K., Kammann C., Griinhage, L., Jiger H.-J.
Justus-Liebig-University, Department of Plant Ecology, Heinrich-Buff Ring26-32, 35392 Gief3en,
Germany

Increasing the soil C stocks is of major interest to mitigate the rise in atmospheric
CO2-concentration and therefore global warming, although evidence for a CO2-induced
increase in soil C pools is limited and the results are rather inconsistent ([1], [2],[3]).
However, as step-increase effects at the beginning of a CO2-enrichment experiment
may alter the ecosystem responses to elevated CO2, long term studies are needed to
make reliable predictions. In this study we examined the effects of elevated CO2 on C
sequestration and the greenhouse gas (GHG) balance of CO2, N20 and CH4 over a
period of 10 years.

The GieBen-FACE experiment started in May 1998 with a year-round CO2-
enrichment of +20 % above ambient, i.e. 440 ppm. The 613C signature difference
applied with the enrichment-CO2 was used to calculate the C-input under elevated CO?2.
Trace gas measurements started in 1997 via closed-chamber technique with two
measurements per week since that time.

Between 1998 and 2006 the soil C input corresponded to 93.5 g C m-2 yr-1 in the
soil profile (45 cm). However, no CO2-induced net increase in the soil C pools occurred
in any depth. Over the whole period, elevated CO2 increased N20 emissions about X %
compared to ambient, CH4 oxidation was reduced by x %. Theoretically, simply to
offset the additional N20O emissions (i.e. X g m-2 yr-1), x kg C m-2 yr-1 must be
additionally sequestered every year. Besides the absence of an increase in the soil C
pool under elevated CO?2 in this study, there is evidence that the amount of C that can
be stored in the soil is limited [4].

Therefore, the capability of (grassland) ecosystems to reduced GHG and thereby
counteract global warming may be limited. Likely, some ecosystems that are predicted
to act as a net CO2-sink in the future will become a net GHG source when taking into
account the CO2-induced changes in the fluxes of N20O and CH4.

[1] Gill, A. R., H. W. Polley, H. B. Johnson, L. J. Anderson, H. Maherall and R. B. Jackson (2002).
"Nonlinear grassland response to past and future atmospheric CO2." Nature 417: 279-282.

[2] Jastrow, J. D., R. M. Miller, R. Matamala, R. J. Norby, T. W. Boutton, C. W. Rice and C. E. Owensby
(2005). "Elevated atmospheric carbon dioxide increases soil carbon." Global Change Biology 11:
2057-2064.

[3] Luo, Y., D. Hui and D. Zhang (2006). "Elevated CO2 stimulates net accumulations of carbon and
nitrogen in land ecosystems: a meta-analysis." Ecology 87(1): 53-63.

[4] Six, J., R. T. Conant, E. A. Paul and K. Paustian (2002). "Stabilization mechanisms of soil organic
matter: Implications for C-saturation of soil." Plant and Soil 241: 155-176.

95



Session 1.2 Poster Presentations
Biogeochemical cycles of terrestrial ecosystems in a changing environment

Effects of atmospheric CO2 enrichment on growth parameters and
energy content of oilseed rape

D. Liinsmann (1), P. Hogy, J. Franzaring, A. Fangmeier
(1) Institute for Landscape- and Plant Ecology, Universitit Hohenheim, 70593 Stuttgart
Dagmar.Luensmann@uni-hohenheim.de

The atmospheric carbon dioxide (CO,) concentration has increased globally by
about 100 ppm (36%) over the last 250 years, from approx. 280 ppm in the pre-
industrial era to 379 ppm in 2005. The increase has now reached the highest values
ever. From 1995 to 2005 a CO; increase of 19 ppm was recorded and for the end of this
century a total of about 550 ppm atmospheric CO, is predicted [1]. This rise of the
atmospheric CO, concentration is obviously caused by anthropogenic emissions of CO,,
mainly emissions due to fossil fuel combustion.

As CO; is the major greenhouse gas and thus, a major cause of the global climate
change, the mitigation of CO, emissions is highly important. One way amongst others is
the use of energy crops in order to substitute fossil fuel.

Oilseed rape (Brassica napus L.) can be used as such a renewable energy source.
Therefore a summer oilseed rape, cv. Campino, was chosen for an experiment with a
free-air carbon dioxide enrichment (FACE) system at a research station of the
University of Hohenheim. The Hohenheim Mini-FACE system consists of 15 field plots
of 2 m in diameter. Five plots each were exposed to one of the three different
treatments: (i) elevated CO, treatment [+150 ppm] together with the technical
equipment needed (FACE); (ii) ambient air together with the same technical equipment,
but no additional CO, (Ambient); (ii1) ambient air and no equipment (Control) [2].

Numerous studies have shown that atmospheric CO, enrichment has positive
effects on photosynthetic activity and it leads to more ,.efficient” plants [3]. They show
an increase in biomass production and yield and an enhanced water- and N-use
efficiency [4, 5]. In the present experiment, the phenology of oilseed rape plants was
recorded according to the BBCH-Code during the whole vegetation period [6]. The
chlorophyll contents of selected leaves were measured weekly with the Minolta SPAD-
502 leaf chlorophyll meter and the leaf area of the canopy was measured by using a
LAI-2000 plant canopy analyzer. In addition, the energy content of biomass fractions
(stems/leaves and seeds) was determined at maturity.

[11IPCC (2007) Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to
the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Solomon S, Qin D,
Manning M, Chen T, Marquis M, Averyt KB, Tignor M, Miller HL (eds). Cambridge University
Press, Cambridge, United Kingdom and New York, NY, USA

[2] Erbs M, Fangmeier A (2006) Atmospheric carbon dioxide enrichment effects on ecosystems -
experiments and the real world. Progress in Botany 67: 441-459

[3] Drake BG, Gonzalez-Meler MA, Long SP (1997) More efficient plants: a consequence of rising
atmospheric CO2? Annu Rev Plant Physiol 48: 609-639

[4] Amthor JS (1995) Terrestrial higher-plant response to increasing atmospheric CO2 concentration in
relation to the global carbon cycle. Global Change Biol 1: 243-274

[5] Bowes G (1996) Photosynthetic responses to changing atmospheric carbon dioxide concentrations. In:
Baker NR (ed) Photosynthesis and the Environment. Kluwer, Dordrecht, pp 387-407

[6] Meier U (ed) (2001) Growth stages of mono- and dicotyledonous plants. BBCH-Monograph. Federal
Biological Research Centre for Agriculture and Forestry. Blackwell, Oxford, pp 622
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FET - a trait database for earth system science and functional
biodiversity research

Steffi Nollert, Jens Kattge, Gerhard Bohnisch, Angela Niiske, Sabine Reinsch, Rongjun, Ni Jian, Christian
Wirth
Author informations missing

The inter- and intra-specific variation and co-variation of plant traits is the raw
material of functional biodiversity research serves as the basis of any data-oriented
definition of plant functional types and provides essential information for the
parameterization of terrestrial biosphere models. The Functional Ecology of Trees
database (FET) was specifically designed to assimilate literature data at regional and
global scales for a great variety of traits related to tree physiology, structure and
demography and ecosystem traits and to combine these with substantial information on
environmental covariates. Literature studies do generally not follow common protocols,
i.e. they apply various methods and treatments, use different functional forms to
estimate traits etc. The FET database has realized a high degree of flexibility to
accommodate to such heterogeneous data. Literature studies rarely provide an ample set
of required environmental covariates. To achieve comparability and to fill these gaps of
covariates the FET database has inbuilt functionalities to query regional and global
datasets on soil, geology, topography and climate. Currently, two groups (the group at
MPI-BGC and a US-team lead by Prof. Kiona Ogle, Wyoming State University) are
compiling information on American, European and Asian tree species using the FET
database. We will introduce the key features of our database design, will provide an
overview of the current state of data entry and will give brief examples of recent
applications ranging from trait analyses to parameterization of earth system models
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Selective logging in lowland rainforests in southern Chile: Effects on
species composition and nitrogen transformations

Cecilia A. Pérez (1), Martin R. Carmona (2), José M. Fariria (1) and Juan J. Armesto (1,2)
(1) Center for Advanced Studies in Ecology & Biodiversity (CASEB), Departamento de Ecologia,
Pontificia Universidad Catolica de Chile. Alameda 340. Santiago, Chile
(2) Instituto de Ecologia y Biodiversidad (IEB), Departamento de Ciencias Ecologicas, Facultad de
Ciencias, Universidad de Chile, Casilla 653, Santiago, Chile

Lowland evergreen rainforests in southern Chile are intensively logged because
they grow on highly productive soils and they are easier to access than montane forests.
Old growth southern temperate forests have being defined has highly conservative,
nitrogen use efficient and nitrogen limited. Silvicultural practices that change forest
structure and composition can alter key ecosystems functions that are highly dependent
on the quality and quantity of organic matter that enters the ecosystem, such as
microbial nitrogen transformations. To test this hypothesis we selected lowland
evergreen rainforests in Chiloé Island in southern Chile, that were affected by
conventional selective logging 10 years ago (CSL) for industrial fabrication of plywood,
non-conventional selective logging (NCSL) meaning the use of forest from small
landowners for firewood, and reference uncut old growth forests (unlogged OG). The
decrease in basal area was higher in the stands with CSL than in NCSL, however
litterfall input was similar in the three treatments, because of the abundance of
understory species with canopy opening. In NCSL dominant understory species have a
significantly higher C/N ratio of litterfall than in CSL. Unlogged OG forests have
significantly higher rates of non-symbiotic nitrogen fixation in the Ol horizon
(estimated by the acetylene reduction assay) and higher net N mineralization in surface
soils than logged forests. There was a trend of a higher denitrification rates (estimated
by the acetylene inhibition assay) in soils and a higher NO3-N/Nt in the streams of
CSL, which enriched 015N signal in surface soils. There was a significant positive
correlation of non-symbiotic nitrogen fixation and net N mineralization and
nitrification. A significant negative correlation was found in C/N ratio of litterfall and
denitrification rates in soil. We conclude that the dominance of the intolerant
understory bamboo species Chusquea quila in CSL, with a lower C/N ratio of litterfall,
loose the tightness of the nitrogen cycle by increasing nitrogen availability and therefore
the potential of nitrogen losses, either hydrological or gaseous. On the contrary in
NCSL a higher C/N ratio in litterfall would decrease the chances of N losses increasing
C and N storage in soil. In unlogged OG, even though C/N ratio of litterfall is similar to
CSL and net N mineralization is higher than NCSL, available N is lower in soil,
probable because a higher evapotranspiration by tree canopy. This will decrease the

chances of N losses in unlogged OG forest.
Proyecto Fondecyt 1050830 (2005).
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Influence of thinning and type of canopy on soil physicochemical
characteristics in a mixed forest from the western Pyrenees

I Primicia, I. Arzoz, F. J. Arricibita, J. B. Imbert, M. Unzu, S. Garcia and F. J. Castillo
Universidad Publica de Navarra, Arrosadia S/N, 31006 Pamplona, Spain

Effects of thinning and type of canopy on soil physicochemical characteristics are
being studied in Aspurz, a mixed forest in the Western Pyrenees (northern Spain). There
are three types of plots (30 x 40 m) set up in 1999, with three replicates of each: PO (not
thinned), P20 (reduction of 20 % in basal area) and P30 (reduction of 30 %). Within
each plot Pinus sylvestris and mixed patches (P. sylvestris and Fagus sylvatica) are
distinguished. PVC cores were used to take soil samples and estimate net N
mineralization (n = 6 per treatment) in the field. Microbial N was determined using CFE
procedure. Unlike in 2002 and 2003, in 2007 significant reductions for Ca (12%), Mg
(17%), conductivity (15%) and microbial N (11%, only analyzed in 2007) have been
detected in horizon A of P20 and/or P30 relative to that of P0O. This nutrient decrease
appears to be due to the reduction in litterfall caused by thinning. No differences in
NH4+ and NO3- production were detected between pine and mixed patches. However,
NH4+ amounts were significantly lower in mixed patches than in pine patches probably
reflecting higher nutrient absorption rates by F. sylvatica. It appears that thinning has
caused a lagged alteration of nutrient stocks in soil by reducing nutrient inputs via
litterfall. Results also suggest a possible belowground competition for NH4+ between P.
sylvestris and F. sylvatica.
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Belowground zone of influence in a tussock grass species

Francisco I. Pugnaire & Cristina Armas
Estacion Experimental de Zonas Aridas, CSIC, General Segura 1, 04001 Almeria, Spain

Plant competition belowground is strong and mediated trough resource depletion
and an enormous variety of exudates intended to regulate soil microbial communities in
the rizhosphere, cope with herbivores, encourage beneficial symbioses, and change
chemical and physical properties of soil. However, these secondary compounds
contribute to active root segregation and affect neighbours’ growth.

We investigated with field and greenhouse experiments the belowground zone of
influence of Stipa tenacissima, a tussock grass species dominant in semiarid SE Spain
which under some circumstances shows a fringe devoid of vegetation around the
tussock.

Fringe size was a function of water availability, so that the more water available
the smaller the fringe and vice-versa. Above-ground plant mass was higher in gaps than
in the fringe, but root mass was higher in the fringe. More species emerged in soils from
gaps than in soils from the fringe, and productivity was ten times higher in soils from
gaps than in soils from the fringe. Growth of barley plants was inhibited close to S.
tenacissima tussocks in field and greenhouse experiments.

Stipa tenacissima produced a belowground zone of influence around the tussock
through resource depletion, particularly water, and allelopathy where other species
seldom appear. This area has important effects for plant establishment, influencing
population and community dynamics in these semiarid environments.
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Foliar nutrient concentrations of South Patagonian bog species along a
climatic and floristic gradient

Sebastian Schmidt, Andreas Vogel, Norbert Holzel, Till Kleinebecker
Institute of Landscape Ecology, University of Miinster, Robert-Koch-Strafie 26, 48149 Miinster, Germany

We examined the variation of foliar nutrient contents (N, P, K, Ca, Mg and Na) of
South Patagonian ombrotrophic peatland species and how these species respond to a
changing nutrient availability along a gradient of increasing continentality. Particular
attention is set on nutrient demands of Sphagnum magellanicum as the dominant
constituent of continental raised bogs and on those of cushion-forming vascular plants
dominating in hyperoceanic blanket bogs. First, we hypothesized that all species are
generally characterized by extreme low foliar nutrient concentrations due to the
ombrotrophic conditions and the low atmospheric nutrient supply. Second, we expected
increasing nutrient concentrations towards the west due to the increasing input of sea-
born cations as well as a higher nutrient availability in the peat.

Nutrient concentrations were generally lowest in Sphagnum and highest in the
considered graminoid species. Nutrient contents in cushion plants differed widely.
Donatia fascicularis had relatively low nutrient concentrations, whereas nutrients in
Astelia pumila tended to relatively high concentrations.

Although variation in foliar nutrient concentrations was mainly reflected by the
interspecific variability, a moderate shift along the considered gradient was
distinguishable. N- and Ca-concentration increased and P-concentrations decreased
westwards in most species. Consequently, the most noticeable shift was an increasing
N:P ratio that suggests an increasing P-limitation from east to west. Our results clearly
suggest that variation in the floristic composition of South Patagonian bog ecosystems
is not exclusively caused by the steep climatic gradient as assumed in the past, but to an
important part by a trophic gradient.
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Impact of past land use on forest soils in the Hainich-Diin Region,
Central Germany

Jana Wildchen & Prof. Dr. E.D. Schulze
Max Planck Institut fiir Biogeochemie, Hans-Knoll-Str. 10, 07745 Jena

Based on the increasing understanding of the role of land-use history in present
biogeochemical cycles the present study deals with the question, how much current
carbon pools on forest sites are influenced not only by the present ecological conditions
and land-use, but also by anthropogenic interventions in the past. Management practice
like clearing and agricultural use of forest surfaces, coppice, coppice with standards and
high forest management as well as forest pasture, litter raking and other management
options may still have an effect on the current state of forest soils and forest structures.
Former and temporary conversion of forests into agriculture with associated ploughing,
fertilization and irrigation led directly to changes of soils that last a very long time.

The overall objective of this study is to reconstruct the history of forest
management in forest ecosystems in the northern part of Thuringia and to investigate
the impact of former land-use on carbon pools. On the basis of comparative
investigations on several homogeneous study plots it is examined how anthropogenic
interventions have changed the soil structure and the nutrient relations. The following
questions are investigated:

How has the change of the forest ecosystems, affected by anthropogenic use in the
past, impacts on morphological, physical and chemical qualities of the soils?

Which meaning do historical interventions have until today for the material
circulation of the forest soils?

To quantify these effects of former forest management the present study is based
on three general approaches:

The comparison of present homogeneous stands with different former silvicultural
systems.

The comparison of forests that are managed according to different silvicultural
systems or intensities including the information about the forestry history.

The comparison of former agricultural used forest stands with present cropland.

Forest sites were divided in different categories with different land use scenarios:

1. Regular Shelterwood after coppice with standards
Regular Shelterwood after cropland
3. Regular Shelterwood after selection system

In addition samples will be taken in present “Bauernwald”, which is a typical
management system on small properties devoted to the wood supply of farms, as well as
in selection-cutting forests and cropland. First results of the soil investigations will be
expected in June and July 2008.
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Patchiness, scale and connectivity: understanding ecohydrological
interactions in desertification

John Wainwright (1), Laura Turnbull (1), Tony Parsons (1), Jill Stewart (1), Greg Okin (2), Richard
Brazier (3) & Eva Miiller (4)

(1) Sheffield Center for International Drylands Research, Department of Geography, University of

Sheffield, Winter Street, Sheffield, S10 2TN, UK
(2) Department of Geography, University of California, Los Angeles, 90095, USA
(3) Department of Geography, University of Exeter, Amory Building, Rennes Drive, Exeter,Devon, EX4
4RJ, UK
(4) Institut fuer Geooekologie, Lehrstuhl Hydrologie / Klimatologie, Universitaet Potsdam, Karl-

Liebknecht-Strasse 24-25, 14476 Golm, Germany

The model of Schlesinger et al. (1990) of mechanisms of desertification has been
very influential in guiding research programmes. While it captures many key feedbacks
in the process, it essentially focusses on the scale of the individual plant and the
surrounding bare area. This focus has led to a significant body of research — including
some of our own — that concentrates on the investigation of processes at this plant-
interspace scale as a means of understanding desertification. However, it is becoming
increasingly clear that not all changes in drylands can be explained by studies at this
scale, and that a hierarchy of interactions occur at patch, patch-mosaic and landscapes
that all play a rdle, especially in the formation of vegetation patterns. Thus, a scientific
approach is required that includes investigations at all these scales.

We describe our attempts to provide this hierarchy of investigations, using plot
monitoring, spatial characterization, catchment monitoring, spatial sampling of fluxes
and modelling. Although our investigations have been carried out specifically at the
Jornada and Sevilleta LTER sites in New Mexico, USA, they provide the basis for a
wider understanding of the degradation process in the US Southwest, as well as in other
regions. Confronting data at different scales of observation has been a fruitful way of
evaluating the limits of process understanding, and the requirements for developing
scaling relationships for modelling at large spatial scales. Geostatistical approaches
have been integrated in the latter as a way of capturing the process element of moving
between different spatial scales. Implementation of process-based models specifically
at ecotones has produced some significant results in terms of sensitivity of different
types of vegetation boundary at different points in the landscape. Some processes of
degradation can be seen to be self-reinforcing at this scale also, while others require
external forcing. The spatial connectivity of vegetation and bare areas at different
scales within the landscape is a common theme linking all of these investigations.
Degradation at landscape scales is controlled by the advection of water, sediment,
nutrient and propagule resources by a series of different vectors. A general model for
the integrated understanding of these movements has been developed based on the
process understanding of connectivity obtained from empirical observations. This
model is able to produce observed spatial patterns of vegetation types as a response to
different interactions by water, wind and animal movement, and thus provides a more
general model for the process of desertification in drylands. All of these approaches can
be integrated in a general cusp-catastrophe model linking different types of connectivity
with the occurrence of major vegetation change and consequence land degradation.
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Integrated modelling of ecohydrological processes along ephemeral
rivers

Sven Arnold (1), Sabine Attinger (1), Karin Frank (2) and Anke Hildebrandt (1)
(1) Department Computational Hydrosystems, UFZ — Helmholtz Centre for Environmental Research,
Permoserstr. 5, 04318 Leipzig, Germany
(2) Department of Ecological Modelling, UFZ — Helmholtz Centre for Environmental Research,
Permoserstr. 15, 04318 Leipzig, Germany

Ephemeral rivers are characterized by temporal surface flows. These floods arise
due to highly variable rainfall events in arid regions. For a sustainable resource
management the simulation of the vegetation system has to take place by considering
the dynamics of the hydrosystem simultaneously. We raise the following question:
What are the dynamic interactions between the vegetation and the hydrosystem along
ephemeral rivers? The latter includes the stochastic flood regime and the subsurface
water storage. In particular, our hypothesis is that there exist mechanisms which buffer
adverse effects on the ecosystem.

We present the conceptual framework of an integrated ecohydrological model
which describes the dynamic interactions between the hydro- and the ecosystem along
the ephemeral Kuiseb River in Namibia. The ecological part of the model is influenced
by the hydrosystem by handling the water as a kind of stress factor which affects
mortality and growth. On the other hand, the vegetation impacts the hydrological part of
the model as a kind of water sink. The model development is an iterative process where
hydrological and ecological modelling will be done in parallel and consistently
improved when insight into the ecohydrological system and the mechanistic
understanding grows. The integration of both disciplines eventually leads to an
improvement of the information value for both systems.

The potential use of the model will be its application as a tool for evaluating
management scenarios regarding sustainable use of the limited water resource and for
identifying adaptive strategies for reconciling conflicts of water use.
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Effects of climate change on coupled water-vegetation dynamics in
drylands — a simulation study

Britta Tietjen (1), Erwin Zehe (2) & Florian Jeltsch (1)
(1) University of Potsdam, Plant Ecology and Nature Conservation, Maulbeerallee 2, 14469 Potsdam,
Germany
(2) Technische Universitdt Miinchen, Institute of Water and Environment, Arcisstr. 21, 80333 Miinchen,
Germany

In this study we investigate the impact of climate change on coupled water-
vegetation dynamics of a semi-arid rangeland. Drylands worldwide are exposed to a
highly variable environment and face a high risk of degradation. The effects of global
climate change such as increased temperature or more variable precipitation will likely
increase this risk. Thus, sustainable land use of these systems e.g. by livestock grazing
requires careful planning and detailed knowledge of the system dynamics under climate
change.

A suitable way to assess changing dynamics of complex systems is the
development and application of simulation models. The high interdependence of water
and vegetation in water-limited ecosystems requires the incorporation of key feedback
mechanisms between these two components. At the same time, parameter acquisition
has to be feasible if the model is intended to be applied to various sites and to draw
generic conclusions.

We addressed this task by developing a spatially explicit eco-hydrological model,
which strikes a compromise between abstracting to keep its data needs low, and
resolving processes where necessary. The water component of the model simulates daily
moisture dynamics of two soil layers and surface water. Vertical water movement
between these layers, as well as redistribution of surface water by runoff, are taken into
account. Vegetation is modelled by the growth of two functional types, namely shrubs
and grasses. These compete for soil water and strongly influence hydrological
processes.

This talk will introduce our modelling approach through the example of a
Namibian thornbush savanna rangeland. We show model validation for present climatic
conditions and demonstrate the model’s capability to capture general moisture
dynamics. Based on this, we evaluate the effects of altered precipitation patterns and
increased mean temperatures on soil moisture patterns as well as on vegetation cover
and composition. The results show that increased annual precipitation does not
necessarily lead to increased water availability to plants, contrary to assumptions made
in many current ecological approaches.
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Periodic vs. scale-free patterns: Resolving the dichotomy of dryland
vegetation

Ehud Meron (1,2), Jost von Hardenberg (3), Assaf Kletter (1,2), Hezi Yizhaq (1) & Jonathan Nathan (1)
(1) Ben-Gurion University, Institute for Dryland Environmental Research, Blaustein Institutes for Desert
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(2) Ben-Gurion University, Physics Department; Beer Sheva 84105, Israel
(3) Istituto di Scienze dell’Atmosfera e del Clima, CNR; Corso Fiume 4, I-10133 Torino, Italy

Field observations of vegetation patchiness in drylands reveal periodic patterns
with characteristic length scales [1-3] along with scale-free patterns obeying power-law
patch-size distributions [4,5]. Despite the numerous theoretical and experimental studies
that have been devoted to vegetation patchiness this dichotomy of patterns has remained
poorly understood. Using a mathematical modelling approach [6,7] we elucidate the
mechanisms that control patch size distributions in water-limited systems, and identify
physical and ecological circumstances that lead to periodic patterns and scale-free
patterns. Vegetation patchiness in water-limited systems results from water-transport
processes that promote the growth of vegetation patches and inhibit the growth in the
patch neighbourhoods. We show that short-range inhibition leads to regular patterns
with characteristic length scales, while global inhibition leads to scale-free patterns.
Global inhibition is favoured when (i) the short-range inhibition induced by water
uptake is negligible, and (ii) the time-scale associated with surface water flow is much
shorter than the time-scale associated with water infiltration into the soil. We further
show that environmental heterogeneities, such as scale-free micro-topographical
variations, can override short-range inhibition processes and induce scale-free
vegetation patterns. We conclude by discussing the likelihood that observed power-law
patch size distributions reflect intrinsic self-organization processes.

[1] Valentin C, d'Herbés JM, Poesen J (1999) Soil and water components of banded vegetation patterns.
Catena 37: 1-24.

[2] von Hardenberg J, Meron E, Shachak M, Zarmi Y (2001) Diversity of vegetation patterns and
desertification. Physical Review Letters 87, 198101.

[3] Rietkerk M, Dekker SC, de Ruiter PC, Van de Koppel J (2004) Self-organized patchiness and
catastrophic shifts in ecosystems. Science 305:1926-1029.

[4] Scanlon TM, Kelly KC, Simon AL, Rodriguez-Iturbe I (2007) Positive feedbacks promote power-law
clustering of Kalahari vegetation. Nature 449:209-212.

[5] Kéfi S, Rietkerk M, Alados CL, Pueyo Y, Papanastasis VP, ElAich A, de Ruiter PC (2007) Spatial
vegetation patterns and imminent desertification in Mediterranean arid ecosystems. Nature 449:213-
216.

[6] Gilad E, von Hardenberg J,Provenzale A, Shachak M, Meron E (2004) Ecosystem Engineers: From
Pattern Formation to Habitat Creation. Physical Review Letters 93:0981051.

[7] Gilad E, von Hardenberg J, Provenzale A, Shachak M, Meron E (2007) A mathematical Model for
Plants as Ecosystem Engineers. J. Theoretical Biology 244:680-691.
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Savanna trees as keystone structures: An ecohydrological view on their
impact on grass layer diversity

Anja Linstddter & Thomas van Gerven
University of Cologne, Botanical Institute, Gyrhofstr. 15, 50923 Cologne, Germany

In the water-controlled ecosystems of arid and semiarid savannas, trees are
keystone species, increasing species diversity for many taxonomic groups. Many studies
found a significantly higher plant species diversity in subcanopy microhabitats. This
facilitation is mostly assigned to soil nutrient enrichment, but savanna trees may also
alter hydrological properties such as soil available water, and water movement. If soil
nutrient enrichment is the most important effect on plant species diversity, positive
effects of trees on plant species diversity should be most pronounced in wet years, when
water resources are less limiting. If available water is more important, facilitation
should be strongest in dry years.

We test this hypothesis on the importance of hydrologically different patches on
species diversity with data from a 12-year monitoring study in an arid Namibian
savanna. We compare point diversity from subcanopy and open microhabitats for dry,
average and wet rain years along a gradient of key structure quality. We further use
species-area relationships by means of species area curves and their rates of rise (z-
values). Z-values are calculated as scale-to-scale transitions to account for scale
dependence. Here we ask if significantly higher slope angles are correlated to areas
where keystone tree species occur for the first time.

Results indicate that point diversity shows the strongest differences between
subcanopy and open microhabitats in dry years. Species-area relations demonstrate
consistent species accumulations in years with good rainfall, in contrast to accelerated
species accumulation on different spatial scales in years with average and bad rainfall.

We conclude that particularly in bad rain years, microhabitats below trees serve as
hydrological refugia for species with high water requirements. These effects are
stronger when keystone structures have a better quality (i.e. trees being less affected by
browsing and woodcutting), leading to a higher species richness on spatial scales above
100 m?. Our results support other studies which show that the quality of such keystone
structures is best detected on medium spatial scales. We discuss implications for a
management of water resources and pastures in arid savannas.
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Interactions between patterns and processes: hydrological responses to
vegetation change over a semi-arid grassland to shrubland transition

Laura Turnbull (1), John Wainwright (1) & Richard Brazier (2)
(1) Sheffield Center for International Drylands Research, Department of Geography, University of
Sheffield, Winter Street, Sheffield, S10 2TN, UK
(2) Department of Geography, University of Exeter, Amory Building, Rennes Drive, Exeter, EX4 4RJ,
UK

Land degradation is a problem manifest across semi-arid areas world-wide. A
common form of land degradation in semi-arid areas world-wide is the invasion of
grasslands by shrubs, for example in New Mexico. The change in the distribution of
vegetation over the landscape upon a grassland to shrubland transition has significant
implications for the hydrological and erosion response to rainfall events. Here, results of
field-based monitoring of spatio-temporal soil-moisture content, inter-event hydrology
and erosion at stages over a semi-arid grassland to shrubland transition are presented.
Monitoring was carried out at the Sevilleta Long Term Ecological Research site, at the
northern margin of the Chihuahuan Desert in the south-western United States. Statistical
and geostatistical analyses of inter-event soil-moisture content show that there is great
spatio-temporal variability in soil-moisture content, which has implications for biotic
and abiotic function. Results from event-based monitoring of surface runoff and erosion
shows that vegetation structure and spatial properties of soil-surface characteristics has
a great influence on runoff and erosion, which will further modify the structure of the
ecosystem over the vegetation transition. Results of this study provide further insight
into how interactions between vegetation, runoff and erosion propagate further semi-
arid vegetation change in ecosystems that are subjected to disturbances that trigger the
onset of grassland degradation.

110



Session 1.4 Oral Presentations
Ecohydrology — The interactions and feedbacks between ecological and hydrological patterns and
processes

Effect of capillary flux on the soil water balance in a stochastic
ecohydrological framework

R. Willem Vervoort (1), Sjoerd E.A.T.M. van der Zee (2)
(1) Hydrology Research Laboratory, Faculty of Agriculture, Food and Natural Resources, The University

of Sydney
(2) Soil Physics, Ecohydrology and Groundwater Management, Environmental Sciences Group,
Wageningen University and Research Centre, P.O.B. 47, 6700 AA, Wageningen, The Netherlands

Groundwater uptake can play a major role in the survival of vegetation in semi-
arid areas. However a simple and accurate analytical description of the groundwater
capillary flux as a function of soil water depth and hydraulic properties is not available.
We suggest an empirical analytical model to describe the fluxes and include an
equivalent piece-wise linear equation for groundwater capillary fluxes into the loss
function of an existing ecohydrological stochastic model and derive the probability
density functions for soil water saturation. The results indicate the suggested models
reflect the impact of increased fluxes due to shallower groundwater on the soil moisture
balance very well, and is analytically tractable, to allow calculation of the probability
density functions of soil water saturation and water stress. The empirical model is more
accurate than two earlier suggested analytical models describing the capillary flux and is
easily included into analytical water balance equations.
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Coupling ecological and hydrological models
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Landscape ecology and catchment hydrology, both disciplines deal with patterns
and processes as well as their interactions and functional implications on a variety of
scales. Thus, it is reasonable to study the interplay between ecological and hydrological
patterns and processes and to seek for mutual possibilities to assist either discipline in
dealing with their respective research questions. Understanding landscape controls on
the natural variability of hydrologic processes is a major topic in hydrological research.
Quantitative landscape ecology, which aims at understanding the relationships of
patterns and processes in dynamic heterogeneous landscapes, may greatly contribute to
this research effort by assisting the coupling of ecological and hydrological models.

In the first part, the talk reviews the currently emerging rapprochement between
ecological and hydrological research. It points out some common concepts and future
research needs in both areas in terms of pattern, process and function analysis and
modelling and gives an overview about possible interfaces between ecological and
hydrological models.

As an illustration of the interrelations between ecological and hydrological
processes, the second part of the talk focuses on an eco-hydrological model that links
spatial patterns of anecic earthworm populations, preferential flow pathways and
agrochemical transport in rural catchments. Earthworms play a pivotal role in agro-
ecosystem functioning by modulating soil structure that significantly influences soil
hydraulic properties, organic matter dynamics, and plant growth. Our project focuses on
anecic earthworms like Lumbricus terrestris which create vertical semi-permanent
burrows that function as preferential flow pathways. Preferential flow in macropores is
a key process which strongly affects infiltration and may cause rapid transport of
pesticides into depths of 80 to 150 cm where they experience a much slower
degradation. Therefore, preferential transport is an environmental problem because the
topsoil is bypassed, which has been originally thought to act as a filter to protect the
subsoil and shallow groundwater. Assessing the environmental risk of pesticides in
earthworm burrows and how human management practise feedbacks on that risk
requires on the long term the development of an integrated eco-hydrological model.
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Impact of eco-physiologically different earthworms on soil water
characteristics

Gregor Ernst, Daniel Felten & Christoph Emmerling
Universitdt Trier, Bodenkunde; Campus II, Behringstr., 54286 Trier, Germany

A laboratory experiment was performed to assess the impact of eco-
physiologically different earthworms on soil water characteristics. Four earthworm
species (Lumbricus rubellus, Aporrectodea caliginosa, Octolasion sp., Lumbricus
terrestris) were exposed in soil columns (30 cm in diameter, 50 cm height) for 100 days
with a total fresh earthworm biomass of 22.5 + 1,2 g per column, each in duplicate. Two
columns without earthworms were treated as controls. Each column was equipped with
tensiometers and FDR-probes, each in 10 and 40 cm depth, to continuously measure the
temporal development of soil tension and soil moisture. Additionally, 30 g of sieved and
rewetted horse manure was placed on the soil surface as a litter layer. Precipitation
events (10 mm) were simulated at day 28 and 64. At the end of the experiment the water
infiltration rate and the runoff in 50 cm depth were determined.

The results showed considerable evidence, that eco-physiologically different
earthworms modify soil water characteristics in different ways. Data from soil tension
indicated, that the anecic L. ferrestris seemed to enhance the drying of the top- and
subsoil, probably due to an intensified removal of litter from the soil surface and to its
deep dwelling behaviour. In contrast, the epigeic L. rubellus led to an enhanced storage
of soil moisture in the topsoil, which might be affected by an enrichment of organic
matter. Both endogeic species, A. caliginosa and Octolasion sp., showed high soil
dwelling activities and thus led to considerable higher water infiltration rates and to
faster water discharge in the subsoil, relative to the other species. Future aspects of this
study will help to quantify the effect of different earthworm species on soil water
characteristics even under different water conditions in a changing environment.
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“Biohydrology” of urban soils

Silvia Pieper (1,3), Oliver Mohnke (2),Thomas Nehls (3), & Gerd Weigmann (1)
(1) Freie Universitdt Berlin, Soil Zoology and Ecology Lab. Konigin-Luise-Str. 1-3, D-14165 Berlin
(2) RWTH Aachen, Applied Geophysics and Geothermal Energy, Lochnerstr. 4-20, D-52056 Aachen
(3) Technische Universitdt Berlin, Soil Protection Dept. Salzuferl1-12, D-10587 Berlin, Germany

The influence of soil fauna on turnover processes and nutrient cycling in
terrestrial habitats is fairly well studied. By contrast, the impact of the burrowing,
feeding and excreting activity of soil animals on the physical characteristics of soils is
far from being understood, even less if we consider anthropogenically shaped
environments like urban habitats. Urbanization, though, is a major ongoing land use
change worldwide [1], and it is of particular interest to understand the functioning of
urban ecosystems and the provision of ecosystem services useful to man in urban areas.
The most crucial ecosystem services in cities are the provision of clean drinking water,
the reduction of flood risk and the mitigation of climate change consequences, all linked
to the capacity of urban soils to infiltrate, conduct, filter and store water from the soil
surface. In field studies, the research group INTERURBAN (DFG 409) investigated the
importance of heterogeneous soil characteristics for transport processes in urban soils.
We paid particular attention to preferential flow patterns, enhanced moreover by the
formation of hydrophobic soil patches that dramatically reduce the effective flow path
cross sectional area [2]. Aim of the subproject FAUNA within the research group was to
characterize the functional impact of soil animals on turnover processes [3] and on the
water distribution dynamics in urban soils.

In a series of experiments with mesocosms in field and lab, we studied how the
burrowing activity of endogeic earthworms and the mixing of soil particles with
excretion products may modify the structure of the soil horizons, the water distribution
patterns and the processes of nutrient release in urban soils. The set up of mesocosms
equipped with electrodes for the measurements of Electical Resistivity Tomography
(ERT) and Time Domain Reflectometry (TDR) probes allowed to trace in situ and non-
invasively subsequent desiccation, infiltration and rewetting processes in the soils.

The soil animals greatly modified the infiltration and the storage of water in urban
soils. This occurred by changing the pore size distribution, increasing the saturated
water conducitivity and enhancing the water contents in the soil horizonts. To quantify
the influence of the soil fauna on the formation of heterogeneous soil patches, we
analyzed the data with geostatistical methods. Interestingly, the specific actual
hydrophobicity of the soils was not reduced in presence of earthworms, but the
relationship between soil water contents and water repellency was closer and far less
variable than in systems without animals. In accompaining experiments with different
earthworm species, we could also observe how the animals move through
heterogeneous substrates, homogenizing so the soil water content differences between
wet and dry soil patches.

[1] World Watch Insititute (2007): Foreword. In: World Watch Institute (eds.) State of the World: Our
Urban Future. [2] Téaumer, K., Stoffregen H., Wessolek, G. (2006): Seasonal dynamics of preferential
flow in a water repellent soil. Vad. Zone. J. 5, 405-411. [3] Pieper, S., Weigmann, G. (2008):
Interactions between isopods and collembolans modulate the mobilization and transport of nutrients
from urban soils. Appl. Soil Ecol. 39, 109-126
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Spatio-temporal modeling of earthworm populations dynamics under
changing wetland conditions

Sylvia Moenickes (1), Peter Vorpahl (2) & Otto Richter (1)
(1) University of Braunschweig, Institute of Environmental Sciences; Langer Kamp 19¢, 38106
Braunschweig, Germany
(2) University of Potsdam, Institute of Geoecology; Karl-Liebknecht-Strasse 24-25
14476 Potsdam, Potsdam, Germany

Both the influence of earthworms on soils and the influence of soils on
earthworms have been studied with the help of experiments and modelling, e.g.
concerning macropore density and nutrient availability in the former, toxicity through
aridity or heavy metals in the latter respect, e.g. [1], [2],[3], [4], [5].

In this contribution both effects are coupled to a dynamic interaction model for
changing environmental conditions. We chose for a spatio-temporal model of a 2D
domain, considering a
vertical transect, and
focussed on  wetland
dynamics. Soil tem-
perature and humidity
have been modelled by
means of finite volumes
and were used to
determine local habitat
suitability. The life cycles
of earthworms have been
modelled by Leslie matrices where soil humidity, soil temperature and population
densities have been used to parametrize survival and transition probabilities. The
dispersal has been described by a cellular automaton of the domain providing
information on population densities for both the life cycle submodel and the soil
conditions submodel.

The resulting integrated model allowed simulating the spatio-temporal population
dynamics of three selected earthworm species at once in a two-dimensional topological
context.

Wetlands Earthworms

Spatial
distribution

Density

Figure 1: Submodels together with their counlings

[1] Edwards, C. A. (2004): Earthworm Ecology. CRC-Press

[2] Jager, T., Reinecke, S. A., and Reinecke, A. J. (2006): Using process-based modelling to analyse
earthworm life cycles. Soil Biology and Biochemistry, 38:1--6.

[3] Klok, C., van der Hout, A., and Bodt, J. (2005): Population growth and development of the earthworm
lumbricus rubellus in a polluted field soil: possible consequences for the godwit. Environmental
Toxicology and Chemistry, 25:213-219.

[4] Marinissen, J. C. Y. and van den Bosch, F. (1992): Colonization of new habitats by earthworms.
Oecologica, 91:371-376.

[5] Schrader, S., Joschko, M., Kula, H., and Larink, O. (1995): Earthworm Effects on Soil Structure with
Emphasis on Soil Stability and Soil Water Movement. In Hartge, K. H. and Steward, B. A., editors,
Soil Structure - its development and function. Advances in soil science, pages 109--133. CRC Press.
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Rainfall partitioning and soil water dynamics along a tree diversity
gradient in deciduous forests, Central Germany

Inga Krdamer & Dirk Hélscher
University of Géttingen, Tropical Silviculture and Forest Ecology,; Biisgenweg 1, 37073 Géttingen,
Germany

In forests, rainfall distribution into throughfall, stemflow and interception is
influenced by meteorological conditions and stand structural characteristics. Tree
species have specific structural traits and species mixtures may create specific forms of
canopy niche partitioning. We studied whether rainfall partitioning and soil moisture
dynamics change along a tree diversity gradient. The investigation was conducted on
twelve plots in old-growth forest stands of the Hainich National Park, Germany. Tree
species richness per plot ranged between 1 and 11 species resulting in Shannon diversity
indices between 0 and 1.9. Fagus sylvatica (beech), which dominates in most natural
forests of Central Europe, formed the single-species plots. Mixed forest plots consisted
of beech and a variable admixture of other broad-leaved deciduous species such as 7Tilia
cordata, T. platyphyllos, Fraxinus excelsior, Carpinus betulus, and Acer
pseudoplatanus. Throughfall was measured with 15 rain gauges per stand and stemflow
was estimated from a total of 50 collectors. Capacitance probes (Sentek) and
tensiometers were used for monitoring soil moisture down to 70 cm depth. Median
throughfall varied between 67% of gross precipitation (Pg) in a beech stand and 77% in
a mixed stand in high-rainfall summer 2007. Throughfall was positively correlated with
tree species diversity (R* = 0.45, p < 0.05) and negatively with proportion of beech. In
the same period we observed a decrease in stemflow from 6% of Pg in a beech plot to
2% in a mixed forest plot. As stemflow reduced and throughfall increased along the
gradient, rainfall interception showed little differences among plots. No or weak
changes of rainfall partitioning components with tree diversity were observed for the
drier summers characterized by lower rainfall intensities (2005 and 2006) and other
periods of the year. However, multiple regressions with several stand characteristics
including diversity explained up to 73% of throughfall differences between the plots.
Data on soil water dynamics showed higher spatial heterogeneity and higher temporal
variability in species rich stands. We also have evidence that soil water is used more
extensively in forests with high tree species diversity. We conclude that throughfall,
stemflow and soil moisture dynamics changed with species mixture, and that there was
a strong multiple stand structural control on throughfall volume which included tree
species diversity.
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New insides into water cycle of the soil-plant-atmosphere continuum
including hydration processes of cryptogams

Michael Lakatos (1,3), Britta Hartard (1,3), Matthias Cuntz (2) and Cristina Maguas (2)
(1) Division of Ecology, University of Kaiserslautern, P.O. Box 3049, 67653 Kaiserslautern, Germany
(2) Max Planck Institute for Biogeochemistry, Hans Knoll Str. 10, 07745 Jena
(3) Stable Isotopes Lab., ICAT/CEBV, FCUL University of Lisbon, Campo Grande, 1749-016, Lisbon,
Portugal
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The hydration of the upper vados zone is linked with the vegetation cover
reducing soil evaporation by buffering temperatures and turbulences and controlling
infiltration and run off of precipitation. In many ecosystems vegetation cover are
predominated by poikilohydric organisms such as lichens and bryophytes. Also as
epiphytes these cryptogams represent significant impacts on interception and
throughfall water in some ecosystems. Thus, cryptogams may play an important role in
the soil-plant-atmosphere continuum at climate change scenarios. However, the
cryptogamic impact on hydrological processes at these microhabitats/ at the upper
vadose zone is largely unknown. Stable isotopes, as natural marker, provide new insides
into these water exchange processes influenced by poikilohydric life forms with
hygroscopic potential, fast equilibrium with water vapour, and huge water storage
capacities. The combination of physiological in vivo experiments and field studies in
situ at temperate, Mediterranean, and tropical habitats revealed surprising pedosphere-
biosphere and atmosphere interactions.

The stable isotope composition of oxygen (8'°0) qualitatively traces water
exchange processes. Novel data on the 8'°0 performance of lichens and bryophytes
show that thallus water predominantly isotopically equilibrates with atmospheric vapour
(instead of soil moisture?). Hence, thallus water 5'*O of cryptogams reach fast physical
equilibrium with the environment and resembles than §'*0 of the surrounding vapour.
This performance creates a water saturated interface between soil and plant enhancing
soil moisture. Along with first data on organic matter 8'*0, these principle
achievements provide the basis for applying 8'°0O to obtain further information
regarding the functioning and performance of cryptogams on ecohydrology. Moreover,
the findings stress the potential use of cryptogam organic matter 8'°0 as long term
indicator and thallus water 8'*O as short term tracer of environmental vapour.
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Dense soil layers in the Danube floodplain: do they affect plant species
composition?

Maike Heuner, Peter J. Horchler & Elmar Fuchs
German Federal Institute of Hydrology, Department Ecological Interactions, Am Mainzer Tor 1, 56068
Koblenz, Germany

The floodplain of the River Danube between Straubing and Vilshofen (Km 2249
to 2329) is characterized by a complex water budget caused by locally confined
groundwater levels. These are due to dense soil layers, with low hydraulic conductivity,
consisting of alluvial clay and silt. The German Federal Institute of Hydrology has been
in charge of analyzing the correlation between vegetation and abiotic conditions at a
study site in this area. A specific research question was "does the weak vertical
hydraulic conductivity of sites with dense soil layers affect plant species composition?"

Physical and chemical parameters of all soil layers of 137 soil profiles were
estimated in the field and some were measured in the laboratory focusing on hydraulic
conductivity as an indicator characterizing soil density. Moreover, plant-sociological
surveys were carried out at the soil-sampling sites. Additionally, hydrological
parameters such as river and groundwater levels were derived from hydraulic models.
Key factors correlating with plant-species composition were identified applying a partial
Canonical Correspondence Analysis (pCCA). Subsequently, indicator values of plant
species for these key factors were calculated using the IndVal method [1].

The results are:

The composition of vascular plant species at the study site is most strongly
correlated with the type of land-use, i.e. grassland / fallow land / forest.

The residual variation in species composition can be explained by differences in
surface-water level, groundwater level fluctuation, soil air capacity, and soil hydraulic
conductivity (soil density).

However, a plausibility check of calculated indicator values of plant species for
the key environmental factors provided little congruence with empirical knowledge of
the indicator value of these species.

Despite a very good and detailed database, the analysis yielded results that do not
clearly answer the research question. Potential reasons are:

The restricted size of the study area that did not cover the whole floodplain
gradient from the river to the dyke may result in undetectable or weak species-
environment correlations due to too little environmental variation.

A strong anthropogenic influence at the study site is indicated by the dominance
of ubiquitous plant species such as Urtica dioica, Galium aparine, and Impatiens
glandulifera. Consequently, too few specialist species were found that may serve as
indicators of site conditions typical of floodplains.

[1] Dufréne, M. and P. Legendre, 1997. Species assemblages and indicator species: the need for a flexible
asymmetrical approach. Ecological Monographs, 67: 345-366.
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Impact of salinity and tidal flooding on seedling emergence and
establishment — two mesocosm experiments

J. Gesina Engels & Kai Jensen
University of Hamburg, Biocenter Klein Flottbek, Ohnhorststr. 18, 22609 Hamburg, Germany

Estuarine marshes show distinct zonation patterns along the horizontal salinity
and the vertical flooding gradient in the Elbe estuary. Species distribution patterns along
estuarine gradients are determined by both biotic and abiotic factors. Studies on vertical
elevation gradients in salt marshes revealed that lower species borders can be ascribed
to physical factors and are therefore affected by the species tolerance towards particular
stressors (e.g. salt, inundation) whereas higher species borders are due to competition in
a more benign environment and thus determined by the species competitive ability [1].
Similar mechanisms have been found to be responsible for the horizontal zonation of
estuarine marshes along the salinity gradient [2]. It is likely that these mechanisms
already take effect in the earliest life stages of tidal marsh plants.

We set up two mesocosm experiments to investigate the impact of salinity and
tidal flooding on (a) seedling emergence and (b) early establishment of marsh plants
germinating from driftline material. Tidal and salinity treatments were adjusted to
environmental conditions on low, mid and high elevations in fresh, brackish and salt
marshes in the Elbe estuary. The experiments were conducted using 45 plastic tanks that
were set up in a greenhouse. We established 3 salinity levels (fresh: 0.5,
oligo/mesohaline: 4-8, meso/polyhaline: 15-19) and 3 tidal regimes (flooding twice
daily, twice per month, no tide) that were implemented by timer-controlled pumps.
Driftline material containing numerous seeds was collected along the salinity gradient
of the Elbe estuary in November 2007, stored under cold conditions until spring and
added to each experimental chamber in April 2008. In the “seedling emergence
experiment” emerged seedlings were counted and removed once per week. By contrast
in the “early establishment experiment” the number of seedlings of each species was
determined every two weeks and seedlings were not removed. While the first
experiment allows us to assess the germination potential as constrained by the
prevailing abiotic conditions, the second experiment enables us to follow survival of the
seedlings as affected by seedling competition.

Preliminary results indicate that seedling emergence is highest in freshwater
treatments without tidal inundation and generally decreases with increasing salinity and
tidal inundation frequency. While no freshwater species have been identified in the high
salinity treatments so far, salt marsh species can be found over all salinities. Salt marsh
species appear to be less productive under fresh conditions than under oligohaline
conditions where total number of seedlings is lower. The experiments will be terminated
in the beginning of August 2008.

[1] Bertness MD (1991): Interspecific interactions among high marsh perennials in a New England salt
marsh. Ecology 72(1): 125-137.

[2] Crain CM, Silliman BR, Bertness SL. & Bertness MD (2004): Physical and biotic drivers of plant
distribution across estuarine salinity gradients. Ecology 85(9): 2539-2549.
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Dominance of plant species in Mediterranean marshlands is driven by
soil and hydrological constraints

Efrem Batriu (1), Joan Pino (2), Pere Rovira (3) & Josep Maria Ninot (1)

(1) University of Barcelona, Plant Biology Departmen; Av.Diagonal 645, E-08028, Barcelona, Spain
(2) Center for Ecological Research and Forestry Applications (CREAF); Autonomous University of
Barcelona, E-08193, Bellaterra, Spain
(3) Centre Tecnologic Forestal de Catalunya; Pujada del Seminari s/n, 25280, Solsona, Spain

The high conservation value of the costal marsh vegetation is widely accepted, but
in the Mediterranean basin these ecosystems have been (i) greatly reduced in surface
and (i1) altered by human activities. Restoration actions have been proposed, but to
ensure their success, a good knowledge of the particular ecological requirements of the
most dominant species is needed.

The aim of this study is to gain insight into the soil and hydrological factors that
constrain the species distribution and abundance in the Mediteranen coastal marshes. To
this end, water table and soil properties have been monitored during 2 and 1 year
respectively in 43 vegetation plots in the Llobregat delta (Barcelona). Sampling was
designed to catch the maximum spatial and historical heterogenity of this area. The
abundance of dominant species has been modelized using GLM and the realized niches
have been estimated using those plots where a chosen species was dominant.

Vegetation of this area is dominated by five species: Phragmites australis, Juncus
acutus, Juncus maritimus, Spartina versicolor and Arthrocnemum fruticosum. Flooding
(mean water table) and saline stress (maximum conductivity of water table and mean
soil Sodium Absorption Ratio) are the most important constraints on the abundance of
these five species. GLM can successfully modelize the response of them (i.e. species
abundance) to these gradients.

A.  fruticosum shows high
tolerance to saline stress, but a narrow
realized niche in this gradient.
Phragmites australis australis also
shows a narrow realized niche
concerning saline gradient due to
toxicity problems, but it can ocupy a
broader range of flooding conditions.
The two Juncus species can be
considered  generalists for  both
gradients. Finally S. versicolor may be
considered a specialist restricted to low
saline and low flooding regimes. ©
Results also suggest that historic and
competition factors may partly explain  Figure 1: Predicted cover of species along the water
the distribution and abundance of  table level gradient, according to GLM analyses.
Mediterranean costal marsh species.

100

Junc acut

Junc mar

Response

-80 Mean water table level 20

121



Session 1.4 Poster Presentations
Ecohydrology — The interactions and feedbacks between ecological and hydrological patterns and
processes

Meteorological effects to above-ground tree growth of a spruce and
beech forest

F. Clausnitzer, B. Kostner
University of Dresden, Institute of Hydrology and Meteorology, Pienner Str. 32, 01737 Tharandt,
Germany

To determinate the water balance of forests and to get a better understanding of
interactions between forest and the environment in the long-term, knowledge about the
relationship between tree growth and transpiration is quite necessary, especially for
forest management. Both, the altering stem growth and variations in transpiration rates
are influenced by atmospheric conditions. Besides these conditions, sufficient soil water
supply is the necessary to allow high transpiration rates of the trees. These relationships
were observed for the two common tree species, spruce and beech in the Tharandt
forest, Germany.

At two experimental sites, Anchor station Tharandt dominated by Norway spruce
(Picea abies L.) and Anchor station Buchhiibel dominated by beech (Fagus sylvatica
L.), sap flow measurements of several trees are performed continuously by the thermal
dissipation technique after Granier since 2001. Stem growth of trees is measured by
band dendrometers since 2006. Additionally, long-term flux measurements of carbon
dioxide and water vapour (eddy-covariance technique) and standard meteorological
parameters are observed.

Relationships between stem growth, carbon flux and transpiration show different
results for spruce and beech in 2006 and 2007. These periods include special
meteorological events like the low precipitation (11 mm) in July 2006 or the wet but
warm period in 2007 which was the warmest year since 1959 with an annual
precipitation of 913 mm and annual air temperature of 9.5°C.

This poster will present monthly based relationships between tree growth, stand
transpiration and carbon exchange with respect to environmental conditions and
different tree species.
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Effect of different rainfall on biomass production of forbs and grasses
in dry acidophilous grassland

Petr Holub & Karel Fiala
Department of Ecology, Institute of Botany, Academy of Sciences of the Czech Republic,
Porici 3b, CZ-603 00 Brno, Czech Republic

The results of a macro-scale water balance model show that in 2021-2030, water
demand increased world-wide due to the climate change. Rainfall amount and timing
have greater impact in current conditions than any other factors. The terrestrial water
cycle and the impact of climate changes are critical for agricultural and natural
ecosystems. Field experiment was established to quantify the effects of different
amounts of rainfall on above-ground production of dry short grassland vegetation in the
Podyji National Park near the town of Znojmo in southern Moravian lowland (altitude
320 m). Roofs constructed above the canopy of grass stand and gravity irrigation
simulate three climate scenarios: (1) rainfall reduced by 50 % (dry), (2) rainfall
enhanced by 50 % (wet) and (3) the full natural rainfall of the current growing season
(ambient treatment). Above-ground production was harvested at the peak of the growing
seasons at the maximum of above-ground biomass. Samples were divided to green and
senesced biomass and sorted into the following groups: forbs, legumes, narrow and
broad leaved grasses, plant litter and mosses.

During two growing seasons 2006 and 2007, enhanced amount of precipitation
resulted in an increase of total above-ground plant biomass (up to 345 and 391 g m™) in
comparison with both ambient (262 and 304 g¢ m™) and mainly dry (250 and 168 g m™)
treatments, however statistically significant only between wet and dry treatments in
2007. This was caused by significantly higher biomass production of forbs in the wet
treatment. In the wet treatment, forbs formed 139 and 220 g m™ of above-ground
biomass, while only 65 and 64 ¢ m™ in dry treatment in both studied years. Thus,
proportion of forbs in above-ground biomass increased from dry treatment (26 and
38%) to wet treatment (40 and 56%) in 2006 and 2007, respectively. On the contrary,
no significant effect of treatment was found in total production of grasses. However,
proportion of green narrow leaved grasses (mainly Festuca ovina) in total amount of
green grasses significantly increased in wet (82 and 62%) than in dry treatment (39 and
55%), but significant only in 2006. Obtained results indicate positive effect of enhanced
precipitation treatment on biomass of green narrow grasses and forbs and the same
trends were also observed when data recorded in wet 2007 and dry 2006 growing
seasons were compared.
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Bacterial Communities and Microbial Activity in Mediterranean and
Central European Streambed Sediments Recovering from Desiccation

Jiirgen Marxsen (1,3), Annamaria Zoppini (2) & Sabine Wilczek (1)
(1) Limnological River Station, Max Planck Institute for Limnology, Schlitz, Germany
(2) Water Research Institute, National Research Council, Via Reno, 00198 Roma, Italy
(3) Department of Animal Ecology, Justus Liebig University, Heinrich-Buff-Ring 26-32, 35392 Gieflen,
Germany

Global climatic change not only affects running waters by increasing
temperatures. Discharge becomes more variable as more frequent and severe floods as
well as more frequent and longer droughts occur, especially in upper reaches.
Mediterranean streams are known to experience droughts in summer[1], but Central
European headwaters also are beginning to be affected. We studied the suitability of a
sediment core perfusion technique [2] for investigating the development of bacterial
communities and the recovery of microbial activity during the first 4 days of rewetting
dry running water sediments. We determined bacterial abundance via fluorescence
microscopy [3], bacterial community composition by TGGE [4], bacterial carbon
production by uptake of radiolabeled leucine [4, 5], and extracellular enzyme activity by
fluorogenic model substrates [2].

The bacterial community composition changed only little in the sediments from
the Central European stream Breitenbach during rewetting, whereas in the sediments of
the Mediterranean Mulargia River (Sardinia) distinct changes were observed, especially
within the first day. This difference probably results because the Breitenbach sediments
were much less dry than the Mulargia sediments, thus enabling the survival of bacterial
communities more similar to typical streambed communities in the Breitenbach. Notice-
ably high activity levels especially of enzymes involved in polymer degradation (j3-
glucosidase, peptidase and lipase) were observed at the beginning of rewetting in both
environments (more pronounced in the Central European stream than in the Mulargia
River). These indicated persistence of extracellular enzymes in the sediments during
drought, enabling fast resuming of total microbial activity. After 2—3 days nearly all
determined microbial activities reached a level similar to unaffected sediments.
However, the process of re-establishment seems to occur faster in the Central European
stream, probably because the microbial communities at the beginning of rewetting were
more similar to typical stream communities.

[1] Amalfitano, S., Fazi, S., Zoppini, A., Barra Caracciolo, A., Grenni, P., & Puddu, A., 2008. Responses
of benthic bacteria to experimental drying in sediments from Mediterranean temporary rivers. -
Microb. Ecol. 55: 270-279.

[2] Marxsen, J., & Fiebig, D.M., 1993. Use of perfused cores for evaluating extracellular enzyme activity
in stream-bed sediments. - FEMS Microbiol. Ecol. 13: 1-11.

[3] Buesing, N., & Marxsen, J., 2005. Theoretical and empirical conversion factors for determining
bacterial production in freshwater sediments via leucine incorporation. - Limnol. Oceanogr.: Methods
3:101-107.

[4] Beier, S., Witzel, K.-P., & Marxsen, J., 2008. Bacterial community composition in Central European
running waters examined by TGGE and sequence analysis of 16S rRNA genes. - Appl. Environ.
Microbiol. 74: 188-199.

[5] Marxsen, J., 1996. Measurement of bacterial production in stream-bed sediments via leucine
incorporation. - FEMS Microbiol. Ecol. 21: 313-325.
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Effects of above- and below-ground competition on germination and
performance of floodplain pioneer species

Maria Meyen, Eva Mosner and Ilona Leyer
Philipps-University of Marburg, Department of Conservation Biology, Karl-von- Frisch-Str.8,
35043 Marburg, Germany

In riparian pioneer habitats competition is usually not the decisive factor
structuring species composition. Recurrent disturbance by flooding generally prevents
increasing competition. Hence, riparian pioneer species are not well adapted to
competition and display a weak competitive ability. Due to human interventions in the
river floodplains hydrological processes have altered and conditions have become more
stabilized, thus, the disturbance-intolerant, highly competitive species are no longer
excluded from riparian pioneer habitats.

The potential effects of competition on germination and performance of five
floodplain pioneer species (Populus nigra, Pulicaria vulgaris, Plantago major ssp.
intermedia, Chenopodium glaucum and Rorippa sylvestris) were investigated in a
common garden experiment separating above- and below-ground competition. Six
treatments were established: Plant individuals grown with full competition at high and
low neighbour density level, with above-ground competition only at high and low
density level, with below-ground competition only, or with neither above- nor below-
ground competition. Plant performance was evaluated by means of plant height, number
of leaves, plant biomass and leaf length. Results indicate a clear negative impact of
competition on the pioneer species. Whereas above-ground competition especially
reduced germination ability, below-ground competition particularly affected species
performance. However, the strongest effects were caused by the interaction of shoot and
root competition. Furthermore, the results revealed an effect of neighbour density.

From nature conservational view the results of this study suggest the potential of
competition being a threat to the target communities and the dependence of their
preservation on maintenance and restoration of natural hydrological conditions and
disturbance processes.
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Plant Functional Traits in relation to disturbance in salt marshes of
Northwest Germany

Vanessa Minden, Michael Kleyer
Universtiy of Oldenburg, Landscape Ecology Group, Faculty of Mathematics and Science, Carl von
Ossietzky Strafle 9-11, 26111 Oldenburg, Germany

Salt marshes are subject to different disturbance regimes, such as physiological
stress caused by high concentrations of salt or mechanical stress created by flooding. As
a consequence thereof only a limited number of species is able to colonize this habitat.
This study was conducted in salt marshes around the coast of Northwest Germany
(Norderland, Leybucht, Jadebusen).

We aimed to identify plant functional groups sharing the same patterns of
functional traits as response to different disturbance regimes (flooding, salinity,
management). Grouping based on vegetative and generative traits of 14 different
species. Selected traits were SLA (Specific Leaf Area), LDMC (Leaf Dry Matter
Content), SSD (Specific Stem Density), SRL (Specific Root Length), seed number, and
weight of all plant organs.
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The role of stable and unstable vegetation boundaries in the
propagation of desertification in the American Southwest: A modelling
approach

E. N. Mueller (1), J. Wainwright (2), A. J. Parsons (2)
(1) Institut fiir Geookologie, Universitdit Potsdam, Karl-Liebknecht-Str.24-25, 14476 Potsdam, Germany
(2) Department of Geography, University of Sheffield, Winter Street, Sheffield, S10 2TN. UK

Desertification and land degradation in the south-western part of the United States
have led to a significant vegetation change from productive grassland to desert
shrubland within the last 150 years. Overland flow generated by short, high-intensity
rainstorm events has been suggested as having an important role in these land-
degradation processes through the redistribution of water and soil resources. To assess
the impact of these water and nutrient fluxes on the degradation processes, an event-
and process-based, spatially distributed modelling approach was employed in this study.
The model implementation was carried out with specific consideration of parameter and
process scaling issues at the landscape scale. The modelling studies enabled the
quantification of the percentage change of water and nutrient fluxes across vegetation
boundaries between shrubland and grassland associations.

The modelling results suggest that landscape linkages through the redistribution of
water and soil resources across vegetation-transition zones at the landscape scale and
feedback dynamics of overland flow processes play a significant role in the persistent
land degradation. It is hypothesised that a vegetation boundary is stable when two
conditions prevail that balance the lower resistance of grassland towards the existing
environmental setting with the higher resistance of shrubland. First, the soil depletion of
nutrients by the action of overland flow in the grassland zone close to the boundary is in
balance with the replenishment rates of grassland by nutrient cycling. Second, the
grassland gains enough water resources from the upslope shrublands. On the contrary, a
vegetation boundary potentially becomes unstable when the grassland acquires a
competitive disadvantage towards shrubland regarding water benefit and nutrient
depletion due to the combined effects of overland flow dynamics and some external
stresses. With reference to the ecosystem stability and resilience theory, the modelling
results provided important insights in the potential stability of the grassland-shrubland
boundaries as a function of soil-nutrient depletion and water-resource enrichment for
the grassland. On the basis of the modelling results, it is hypothesised that external
forces such as overgrazing or climatic variations might potentially disturb this
boundary-stability scenario, which consequently leads to a unstable vegetation
boundary conditions and thus to the invasion of shrubs into the grassland.
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Plant functional diversity effects on deep seepage in mountain
grasslands differing in land use

N. Obojes (1), M. Bahn (1), E.Tasser (2), U. Tappeiner (1)
(1) Institute of Ecology, Sternwartestrasse 15, 6020 Innsbruck
(2) European Academy Bozen/Bolzano (EURAC) Institute for Alpine Environment, Viale Druso 1, I-
39100 Bolzano — Bozennikolaus.obojes@uibk.ac.at

Deep seepage is an important component in the water balance of ecosystems and
is a major source of water gained from mountain catchments. We hypothesized that by
exerting a decisive control on evapotranspiration vegetation is an important determinant
of deep seepage, and that plant functional composition alters deep seepage from
mountain grasslands. In 2006, 86 monoliths covering a wide range of plant functional
composition were extracted from a meadow, a pasture and an abandoned grassland in
the Austrian Central Alps and placed in deep seepage collectors (diameter 25 cm, depth
30 cm) both at the respective sites and at a common garden. Standard meteorological
parameters, precipitation at canopy level and soil moisture at rooting depth in each deep
seepage collector were logged continuously, and during the growing season (April to
October 2007) deep seepage was measured weekly. In addition species composition,
cover, height, phytomass and plant area index of functional groups were measured
repeatedly for each monolith, and soil physical properties were analyzed. First results
indicate that seepage quantity was largely determined by combined threshold levels of
precipitation amount and soil water content. When accounting for these overriding
effects, large variations were observed that were partly explained by plant cover and
height, and were also related to plant functional composition as depending on land
management.
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Plant distribution patterns and main ecological gradients in six
Pyrenean fens

Aaron Pérez-Haase & Josep M. Ninot
University of Barcelona, Dept. Vegetal Biology, Av. Diagonal 645, 08028 Barcelona, Spain

Wetlands are appropriate ecosystems to study the responses of vegetation to
environmental gradients, the most obvious of which is the degree of flooding. In alpine,
temperate and boreal wetlands gradients such as water mineralization and soil fertility
have been pointed out as important factors in plant distribution. In the Pyrenees there is
little previous research dealing with this issue. Nevertheless, there are numerous works
devoted to classification and description of bog and fen habitats based in floristic
criteria. Taking these previous works into account, our main research aims are: 1) To
describe in detail six fen systems; 2) To study the main environmental gradients
(flooding and water mineralization); 3) To modelize the main species.

The six fen systems are located in the central and eastern Pyrenees, at altitudes
ranging from 1800 to 2300 m. These systems, settling on distinct mineral substrata and
diversified over varying hydric regimes, held a noticeable diversity of fens and wet
meadows. Over the six systems, we selected 340 sampling stations, each consisting of a
shallow groundwater well (1 m x 16 mm @). In each, we measured the oscillation of the
water table (during the plant growing season), and pH and electric conductivity of the
free groundwater. Then we chose 160 sampling stations to measured cation
concentration of the free groundwater samples extracted from the pipes. We made
floristic 1 m” relevés in each sampling station, and 6,25 m” relevés in the stations where
we collected water samples. In these stations we also measured peat depth by means of
a steel rod. relevés were classified by Fuzzy C-Means algorithm, and ordinated through
Correspondence Canonical analyses. We used surface responses to modelize plant
species.

The study sites showed different hydric regimes. Mean water table oscillation
ranged from 8 to 42 cm. Only Sphagnum hummocks and Sphagnum carpets generated a
rather thick peat horizon. The classification of relevés gave a clear separation between
alcaline fens and acidic fens, although it is also obvious the weight of the local species
pool in the ordination. This ordination showed a first axis clearly related to water
mineralization and a second axis to water table depth. We used the ordination sample
scores on these two axes to modelize a selection of fen species. Most of these models
were well fitted, and are useful to characterize species distribution patterns on the two
main environmental gradients.
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Vegetative reproduction capacities of woody floodplain species

Anna Radtke, Eva Mosner and Ilona Leyer
Philipps-University of Marburg, Department of Conservation Biology, Karl-von- Frisch-Str. 8,
35043 Marburg, Germany

One of the striking features of willows and poplars (Salicaceae) is their capacity
to regenerate asexually under a range of environmental conditions. However, there is
only little understanding of the factors controlling abundance and distribution of
asexually derived individuals of European softwood forest species.

In two greenhouse experiments, we investigated the effect of biotic (competition)
and abiotic (moisture, soil) factors on the performance of cuttings of different woody
floodplain species to evaluate species ability to establish vegetatively under different
ecological conditions.

In the first experiment, cuttings of four species (Salix fragilis, Salix triandra, Salix
viminalis and Populus nigra) were subject to four competition treatments, with a)
above- and below-ground competition from grasses, b) above-ground competition only,
¢) below-ground competition only, and d) a control without competition. All treatments
were conducted under two different moisture levels (moist and water-logged). In the
second experiment, cuttings of the former four floodplain species and two additional
bog species (Salix cinerea and Salix aurita) were grown in three different soils (gravel,
loam, bog soil) and under the two different moisture levels (s.a.).

Response variables were length of sprouts, number of leaves, biomass and - the
second experiment - root mass. Preliminary results indicate significant differences
among treatments. We will discuss how the surveyed factors govern vegetative
reproduction, and to what extend they lead to niche segregation among the surveyed
species.
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Reaction of aquatic vegetation to catchment disturbances based on
British rivers

Krzysztof Szoszkiewicz (1), Francis Hugh Dawson (2)
(1) University of Life Sciences, Department of Ecology and Environmental Protection, Wojska Polskiego
28, 60-637 Poznan, Poland
(2) Centre for Ecology and Hydrology, Crowmarsh Gifford, Wallingford, OX10 8BB Oxfordshire, UK

The river vegetation was surveyed in Great Britain, including England, Scotland
and Wales with a few sites coming from Northern Ireland. More than one thousand
macrophyte stands were recorded from 242 sites of 124 rivers.

Vegetation was classified using TWINSPAN (program for hierarchical ordering
of species and samples). Analysis revealed 73 major vegetation types, classified mostly
as associations in the phytosociological system. The environmental conditions were
described by 68 variables, which included geographical and morphological features as
well as river water quality parameters, watershed geology and land use information. The
environmental matrix was subjected to principal component analysis (PCA). The
identified vegetation communities and environmental data were interrelated with some
descriptive analysis based on the mean value, analysis of variance (ANOVA) and also
by the multivariate Canonical Correspondence Analysis (CCA). Abundance of plant
communities was evaluated against ecological variables, enabling the communities to be
ordered against particular environmental factors.

Analysis showed that the river vegetation was significantly differentiated by water
quality, as well as by hydromorphology, geography and land use. To some extent,
geological data also reflected the differentiation pattern. It was also found that different
vegetation groups indicate apparent reaction to the river conditions. The strong
relationship between catchment parameters and vegetation was found in case of typical
aquatic communities as well as for bank vegetation and also bryophyte and algae
assemblages. Analysis enabled classification of river phytosociological communities in
the river degradation gradient dividing them into five categories meeting requirements
of the Water Framework Directive. Analysis confirmed the specific requirements of
different vegetation units which proves their potential for the evaluation of the
ecological status of running waters.
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Antagonistic interaction between climate change and erosion on plant
species richness and soil properties in semi-arid Mediterranean
ecosystems

Patricio Garcia-Fayos & Esther Bochet
Centro de Investigaciones sobre Desertificacion -CIDE- (CSIC-UV-GV)
46470 Albal (Valencia, Spain)

We analyzed the consequences of climate change and the increase in soil erosion,
as well as their interaction on plant and soil properties in semi-arid Mediterranean
shrublands in Eastern Spain. Current models on drivers of biodiversity change predict
an additive or synergistic interaction between drivers that will increase the negative
effects of each one. We used a climatic gradient that reproduces the predicted climate
changes in temperature and precipitation for the next 40 years of the wettest and coldest
end of the gradient and also we compared flat areas with 20° steep hillslopes.

We found that plant species richness and plant cover are negatively affected by
climate change and soil erosion which in turn negatively affects soil resistance to
erosion, nutrient content and water holding capacity. We also found that plant species
diversity correlates weakly with plant cover but strongly with soil properties related to
fertility, water holding capacity and resistance to erosion. Conversely these soil
properties correlate weaker with plant species cover.

The joint effect of climate change and soil erosion on plant species richness and
soil characteristics is antagonistic. That is, the absolute magnitude of change is smaller
than the sum of both effects. However, there is not interaction between climate change
and soil erosion on plant cover and their effects fit the additive model. The differences
in the interaction model between plant cover and species richness supports the view that
several soil properties are more linked to the effect that particular plant species have on
soil processes than to the quantity and quality of the plant cover and biomass they
support.

The evidence that soil erosion affected more negatively plant species richness and
soil properties at the cool and wet extreme of the studied climatic gradient than those at
the warm and dry extreme indicates that a threshold may exist between the two
extremes. Annual rainfall between 350 and 400 mm has been defined as a threshold in
rangelands that separates subhumid systems, which are relatively rich in species and are
controlled by biotic factors such as plant interactions, microbial activity and organic
matter production and decomposition, from poorer arid systems that are controlled by
abiotic factors such as lithology and climatic interactions. Above the threshold,
perturbations like over-grazing are buffered by a more diverse community (both in
species and functional groups) and cause vegetation to change asymptotically around a
particular point, which structure and composition are in equilibrium with perturbation
regime and environmental conditions. Below this threshold, reduced numbers in species
and functional groups don’t lead to the recovery of the previous plant community after
cessation of grazing or other disturbances.

Our findings suggest that plant species richness is a better indicator than plant
cover of ecosystems services related with soil development and protection to erosion in
semi-arid Mediterranean climates.
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Influence of three co-occurring global change drivers on the survival,
growth, phenology and reproduction of a Mediterranean shrub

Silvia Matesanz (1), Fernando Valladares (1,2) & Adrian Escudero (2)
(1) Instituto de Recursos Naturales, CCMA, CSIC, Serrano 115, 28006 Madrid, Spain
(2) Unidad de Biodiversidad y Conservacion, Escuela Superior de Ciencias Experimentales y
Tecnologicas, Universidad Rey Juan Carlos, ¢/ Tulipan s/n, 28933 Mostoles, Spain

Global change is not restricted to climate change, and plant species generally face
multiple man-driven disturbances constraining their viability (e.g. land use changes).
Most importantly, interactions among these drivers frequently generate non-additive
effects that cannot be predicted based on single-factor studies. Our goal was to assess
the joint effects of three global change drivers that are especially relevant in
Mediterranean ecosystems, namely habitat fragmentation, changes in habitat quality,
and climate change on Centaurea hyssopifolia, a gypsum specialist plant.

For this purpose, we carried out a two-year study (2005-2006) in natural
populations of this plant in two types of fragments (large, mean size 20 Ha and small,
mean size 0.6 Ha). Within each fragment, we identified areas of contrasting plant cover
and nutrient content as a measure of habitat quality (high and poor habitat quality sites).
Finally, we performed a rainfall manipulation experiment simulating the most likely
future climate scenario for the region (dry and mesic treatments). The survival, growth,
phenology and reproductive success of selected plants was monitored.

The three drivers profoundly affected responses of Centaurea hyssopifolia in both
study years, phenology being mainly affected by reductions in habitat quality and
reductions in rainfall, and reproductive variables being mainly affected by
fragmentation. Plants in poor quality sites and plants in the dry treatment advanced most
of their phenophases (flowering and dispersing earlier), and showed reduced growth rate
and increased fraction of senescent leaves. Plants growing in small fragments had lower
survival, lower number of viable seeds and a reduced seed set than those from large
fragments. We found significant synergistic interactions among drivers. For example,
the interaction between fragmentation and habitat quality led to lower survival and
lower relative growth in plants from small and poor quality sites.

Our results highlight the importance of studies simultaneously involving all
relevant drivers of global change affecting plant performance under natural conditions.
In addition, the complex responses of phenology and reproductive variables of C.
hyssopifolia emphasize the need for studies integrating traits from vegetative to
reproductive and from organ to whole plant level.
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Process-based models for the range dynamics of plants in a
Mediterranean biodiversity hotspot

Juliano Sarmento Cabral, Frank Schurr
University of Potsdam, Institute of Mathematics and Natural Sciences; Maulbeerallee 3, 14467 Potsdam,
Germany

Existing statistical models of species distribution are correlative and do not
represent the mechanisms driving range dynamics. However, to make reliable
predictions for species dynamics under the non-equilibrium conditions arising from
environmental change, distribution models have to incorporate ecological processes.
Here we develop such mechanistic distribution models to study the range dynamics of
Proteaceae endemic to a Mediterranean biodiversity hotspot: the Fynbos vegetation of
the Cape Floristic Region (South Africa). Our distribution models incorporate key
ecological processes such as local population dynamics, dispersal between patches and
local extinction.

The statistical fitting of these models involves three steps: (1) based on a
description of suitable habitat, a process-based ecological model simulates the local
abundance and the range dynamics of a species in a spatially-explicit fashion; (2) an
observation model is used to transform the predicted number of individuals in a habitat
into the number of individuals observed (thereby accounting for inaccuracy resulting
from the failure to observe all individuals occurring in a survey area); (3) The
predictions of the observation model are then used to calculate the likelihood of the
spatial distribution of abundances given the model, and model parameters are varied to
maximize this likelihood. This approach was successfully tested for artificial landscapes
and species.

Hence, we applied it to survey data collected in the Protea Atlas Project for the
selected studied species. In our analysis of the Proteaceae data, we (1) considered
alternative models for local population dynamics to assess the role of Allee effects and
deterministic chaos for range dynamics, (2) applied these models to species with
different life-history traits, to test whether persistence strategy and reproductive system
have consistent effects on processes driving range dynamics, (3) compared the obtained
parameter estimates to independent data. The models were then used to assess the
consequences of different conservation management strategies for large-scale species
dynamics in a changing environment.
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Global change and regeneration ecology of mixed oak forests in
southern Spain: field patterns, physiological responses and models

Teodoro Maraiion (1), Ignacio M. Pérez-Ramos (1), Itziar R. Urbieta (1), Luis V. Garcia (1), Miguel A.
Zavala (2), José Luis Quero (3,4,5) & Rafael Villar (3)
(1) IRNASE, CSIC, Avenida Reina Mercedes 10, 41012 Sevilla, Spain
(2) 2INIA, CIFOR, Madrid, Spain
(3) University of Cordoba, Cordoba, Spain
(4) University of Granada, Granada, Spain
(5) Wageningen University, Wageningen, The Netherlands

Regeneration ecology of mixed Quercus suber (cork oak) - Q. canariensis
(Algerian oak) forests of southern Spain has been studied at different scales and levels
of ecological organization. We present results on: 1) species regeneration patterns at
regional scale, based on the Spanish Second Forest Inventory data; 2) environmental
heterogeneity found at forest stand scale; 3) acorn removal rates along a gradient of
canopy cover (light availability) as function of seed size, based on field experiments; 4)
patterns of seed germination, and seedling emergence and survival along a combined
gradient of light and water availability, based on seed sowing experiments; 5)
differential response of oak species to combined treatments of shade and drought, under
greenhouse conditions; 6) models predicting oaks’ regeneration patterns under different
environmental conditions. About 60-70 % of Q. suber and Q. canariensis stands
showed evidences of a limited regeneration in Southern Spain (in Andalusia region).
Human management has been a major driver of mixed oak forest composition,
expanding the realized niche of cork oak at the expense of that of the Algerian oak. At
the stand level, a high variability on soil phosphorus (CV=84%), zinc (76%), and light
(54%) reaching the understorey (measured as global site factor) was found. Removal
rates of experimentally dispersed acorns increased exponentially with plant cover
(measured as leaf area index, LAI). For intermediate values of plant cover, removal
rates were higher for cork oak seeds, probably due to their larger average seed size
compared to that of Algerian oak seeds. Probability of seed germination and seedling
emergence declined exponentially with increasing soil water content during the wet
period (autumn-winter) due to heavy rains. Soil waterlogging delayed seedling
emergence, which in turn decreased probability of seedling survival during summer
drought. Cork oak seeds had a higher germination rate (71%) than those of Algerian oak
(47%), but seedling survival was lower (37 vs. 47%). The patterns observed in the field
were validated under greenhouse conditions, where the effects of light and water factors
were isolated: shade conditions seemed to ameliorate, or at least not aggravate, the
impact of drought on oak seedlings. For both species, seed size was more important
under shade than under light conditions, in terms of resulting seedling mass.
Regeneration models suggest that between-year variation in precipitation may
differentially affect oak seedling establishment, promoting species coexistence. Overall,
the sensitivity of early seedling life history stages to soil water (waterlogging-drought)
and light availability (shade) suggests that predicted changes in the precipitation regime
and in temperature-mediated water balance could have major impacts on regeneration
dynamics in Mediterranean oak forests.

136



Session 1.5 Oral Presentations
Impacts of global change in Mediterranean-type ecosystems

Is shade beneficial for Mediterranean shrubs experiencing periods of
extreme drought and late-winter frosts?

Fernando Valladares (1,2), Joana Zaragoza-Castells (3), David Sanchez-Gomez (1), Silvia Matesanz (1),
Beatriz Alonso (1), Angelika Portsmuth (4), Antonio Delgado (5) & Owen K. Atkin (3)
(1) Instituto de Recursos Naturales, CCMA, CSIC, Serrano 115, E-28006 Madrid, Spain
(2) Departamento de Biologia y Geologia, Escuela Superior de Ciencias Experimentales y Tecnoldgicas,
Universidad Rey Juan Carlos, ¢/ Tulipan s/n, 28933 Mostoles, Spain
(3) Department of Biology, The University of York, PO Box 373, York, YO105YW, UK
(4) Department of Plant Physiology, University of Tartu, Riia 23, 51011 Tartu, Estonia
(5) Estacion Experimental del Zaidin, CSIC, Profesor Albareda 1, E-18008 Granada, Spain

Plants are naturally exposed to multiple, frequently interactive stress factors, most
of which are becoming more severe due to global change. Established plants have been
reported to facilitate the establishment of juvenile plants, but net effects of plant-plant
interactions are difficult to asses due to complex interactions among environmental
factors. We investigated how two dominant shrubs (Quercus ilex and Arctostaphylos
uva-ursi) co-occurring in continental, Mediterranean habitats respond to multiple
abiotic stresses and whether the shaded understory conditions ameliorate the negative
leaf-physiology effects of drought and winter frosts.

Microclimate and ecophysiology of sun and shade plants were studied at a
continental plateau in central Spain during 2004-2005, with 2005 being one of the driest
and hottest years on record; several late-winter frosts also occurred in 2005. Daytime
air temperature and vapour pressure deficit were lower in the shade than in the sun but
soil moisture was also lower in the shade during the spring and summer of 2005, and
night-time temperatures were higher in the shade. Water potential, photochemical
efficiency, light-saturated photosynthesis, stomatal conductance and leaf “C
composition differed between sun and shade individuals throughout the seasons, but
differences were species-specific. Shade was beneficial for leaf-level physiology in Q.
ilex during winter, detrimental during spring for both species, and of little consequence
in summer.

Our results suggest that beneficial effects of shade can be eclipsed by reduced soil
moisture during dry years, which are expected to be more frequent in the most likely
climate change scenarios for the Mediterranean region.
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Linking fire response to functional traits in frequently burned stands

Francisco Lloret, Sandra Saura-Mas, Albert Vila-Cabrera
Author informations missing

Community resilience after fire is determined by species’ ability to regenerate
through two main mechanisms: growth of new sprouts (resprouter species) and
germination from surviving seed banks or from seeds arriving from neighbouring
populations (seeder species). Both mechanisms are present in Mediterranean
communities. The occurrence of both types in a community depends on fire history and
the bio-geographical history determining the available species pool. Here we test if
these fire response traits also covary with other functional attributes associated with
resource acquisition and stress tolerance. We hypothesize that relevant functional
properties of these communities can be determined by the relative abundance of this
type of species as a result of particular fire regimes, as expected from field observations
and models.

We measured several functional traits of around 30 woody species of the Western
Mediterranean shrublands, including leaf traits related with the use of water and
nutrients, leaf flammability and combustibility, root system topology, and leaf
decomposition. We found that seeder species show more drought tolerance, achieving
lower leaf water contents in summer, higher leaf phosphorous content, faster
decomposition rate, and more flammable leaves than resprouters. There results support
the hypothesis that changes in ecosystem functioning may occur as a consequence of
fire regime shifts, as currently observed in the European Mediterranean region, through
the modification of species composition, according to their post fire response.
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Coupling species vulnerability and ecosystem functioning trends to
determine biodiversity sensitive areas to global change

J. Cabello (1)", D. Alcaraz (2), E. Liras (1) & J.M. Paruelo (3)

(1) Dpto. Biologia Vegetal y Ecologia, Universidad de Almeria. La Caniada, Almeria. E-04120, Spain
(2) Department of Environmental Sciences, University of Virginia. Clark Hall, 291, McCormick Road,
Charlottesville, VA 22904, Virginia, USA
(3) Laboratorio de Andlisis Regional y Teledeteccion, IFEVA, Universidad de Buenos Aires,

Av. San Martin, 4453. Buenos Aires. AR-1417 Argentina
*Corresponding author, e-mail addresses: jcabello@ual.es

Conservation policies need to gain knowledge on the effects of environmental
changes on ecosystems and biodiversity to establish geographic priorities. In this sense,
monitoring changes in ecosystem functioning may help to fulfil this need due to its
direct connection to biodiversity. Functional attributes of ecosystems have a quicker
response to disturbances over structural ones, and can be easily monitored with remote
sensing at regional scale. In fact, research using satellite-derived functional attributes
has revealed a great value for applications in conservation biology, and for assessing
ecological responses to global environmental changes. Here, we identified sensitive
areas for the conservation of biodiversity against the effects of global change in the
Iberian Peninsula, by coupling spatial patterns of threatened species and significant
temporal trends on ecosystem functioning. First, we identified those sites with the
highest number of threatened species of vertebrates and vascular plants. To do so, we
used the information from the “Biodiversity National Inventory”. Second, we
characterized the baseline conditions and trends of ecosystem functioning, deriving six
attributes with biological meaning from the NOAA/AVHRR-GIMMS dataset of the
Normalized Difference Vegetation Index (NDVI). This index is a linear estimator of the
fraction of photosynthetically active radiation intercepted by vegetation. These six
attributes capture important features of ecosystems, such as radiation interception,
seasonality, and land-surface phenology. To track the effects of the environmental
changes on the priority sites, we sought for temporal trends in the six NDVI attributes
along the 1982-2006 period. As a result, we identified sensitive areas that do not
necessarily undergo critical environmental impacts. They rather represent a quick
shortlist of locations under potential risk of biodiversity loss that deserve further
investigation and monitoring. Mountain ranges were identified as particularly
vulnerable areas to environmental changes. Specifically, a critical location with a high
diversity for vascular plants of conservation concern that undergoes significant changes
is Sierra Nevada, a Mediterranean hotspot located at the SE Baetic ranges in southern
Spain. For vertebrates, sensitive areas were located in the Mediterranean parts of the
Cantabrian Range and in Central Pyrenees in the North Spain. Our study also identified
high biodiversity areas with low changes in ecosystem functioning that might be
considered as refuges. In particular, the SW of the Baetic ranges might be considered as
refuges for vascular plants, but we did not find any of these sites for vertebrates.

Acknowledgements: Financial support was provided by the Organismo Auténomo de Parques Nacionales
(project 066/2007), Junta de Andalucia (project RNM1280). Species database was supplied by the
Ministerio de Medio Ambiente.
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Seed Mass and Dormancy effect the Survival in Mediterranean Annual
Plant Communities

Johannes Metz (1), Jaime Kigel (2) & Katja Tielbérger (1)
(1) University of Tuebingen, Dept. of Plant Ecology, Auf der Morgenstelle 3, 72076 Tuebingen, Germany
(2) The Hebrew University of Jerusalem, Faculty of Agriculture, Rehovot Campus, 76100 Rehovot, Israel

The survival of seedlings unto reproduction is a crucial step in a plant’s life cycle
and effects plant community composition. While an increase in seed mass is correlated
with a decrease in seed number, large-seeded species should have higher survival
compared to smaller-seeded species since their additional resources render them more
resistant to hazards like drought or herbivory. Several studies support the positive
correlation between seed size and seedling survival, especially during the first days of
seedling establishment. Whether this correlation counts also for survival until
reproduction remains unclear. However, most of the studies i) did not work under
natural conditions, ii) did not follow survival until reproduction, and iii) included only a
small number of species.

Here, we present a seven-years study from a species-rich Mediterranean shrub
land in Israel. Each year, seedling-to-adult survival of 30 annual species was obtained
from 150 permanent quadrats by species-specific counts of seedlings (at the beginning
of the vegetation season) and adults (at the end of the vegetation season), respectively.
The average survival was than correlated to the species’ seed mass.

Given the 400-fold differences in seed mass between the studied species, their
average survival was surprisingly similar and ranged between 40-80%. Additionally, we
found a positive correlation between seed mass and survival of all species, though only
marginally significant. Most interestingly, by separating highly dormant species
(legumes) from low dormant species (grasses) we found a significant difference
between these groups: legumes had lower average survival compared to grasses, while
within both groups seed mass was again positively correlated with survival.

Our results support that
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Diversity-productivity patterns in experimental and natural
Mediterranean grasslands

Akis D. Siamantziouras (1), Giorgos D. Kokkoris (2) & Andreas Y. Troumbis (1)
(1) University of the Aegean, Department of Environment, University Hill, GR-811 00 Mytilene, Greece
(2) University of the Aegean, Department of Marine Sciences,; University Hill, GR-811 00 Mytilene,
Greece

The relationship between diversity and productivity is a central issue in Ecology.
Two distinct thought of schools investigate both observed patterns and underlying
mechanisms of diversity-productivity issue at different spatial scales, degree of
heterogeneity, disturbance intensity, as well as climate and soil
effects. As the “neo-modern” approach, observational studies
consider diversity as a function of productivity. Yet,
experimental studies have been examining the impact of
diversity loss on productivity for the last two decades now,
delimiting the “post-modern” approach in this area.
Nevertheless, both approaches have led ecologist to long-
running scientific debates and animated controversies about
the kind of patterns and the type of mechanisms that explain F
the diversity-productivity relationship. We studied the |{ oo .
diversity-productivity relationship in both experimental and
natural Mediterranean grasslands. The study sites were located
on Lesbos Island in the Aegean Archipelagos, Greece. We
conducted both a field experiment using constructed mixed
(annual and perennial) herbaceous communities at the Greek

Figure 1: Scatter plot
of the species richness
as a function of the
annual above-ground
biomass in

BIODEPTH site and an observational study at the nearest
neighbouring grassland communities. The effects of diversity
(expressed as species richness) on productivity (expressed as
annual above-ground biomass) were studied in fifty-two 4-m?

experimental (cross
symbol) and natural
(open symbols)
Mediterranean

grasslands. The ‘hump-
backed’ curve is fitted
by eye.

experimental plots, while the spatial variation in diversity and
productivity across a natural soil moisture gradient was studied
in twelve 4-m” natural plots. The Greek site was the only site
of the BIODEPTH experiment where non-significant effects of the loss in species
richness upon annual above-ground biomass were identified [1]. Regarding natural
grasslands, the results indicated not only that climate change (simulated here in time as
the natural soil moisture gradient in space) affected both species richness and annual
above-ground biomass, but also that there was no significant effect of annual above-
ground biomass on species richness within and across the natural soil moisture gradient.
Our results demonstrate a) no diversity-productivity observed pattern in both
experimental and natural Mediterranean grasslands, and b) the hump-backed curve as
the upper boundary of an envelope of points where the area below the line is filled with

data points [2] from both experimental and natural Mediterranean grasslands (Fig. 1).

[1] Troumbis AY, Dimitrakopoulos PG, Siamantziouras ASD & Memtsas D (2000) Hidden diversity and
productivity patterns in mixed Mediterranean grasslands. Oikos 90: 549-559

[2] Schmid B (2002) The species richness—productivity controversy. TREE 17: 113-114
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Ecology of Mediterranean woody plants in polluted environments:
transfer of trace elements from soil to plants, nutritional status and
seedling establishment

Maria Teresa Dominguez, Teodoro Maraiion & José Manuel
Murillo Instituto de Recursos Naturales y Agrobiologia de Sevilla, CSIC Campus Reina Mercedes, PO
Box 1052, 41080 Sevilla, Spain

Global change includes soil degradation and pollution. The biogeochemical cycles
of natural elements, in particular of trace elements, have been much altered by activities
such us mining, agriculture and industry. Despite the increasing importance of soil
degradation in a global change context, the possible consequences of trace element
pollution for Mediterranean terrestrial ecosystems have not been much studied.

We studied different ecological processes in the soil-plant subsystem in a polluted
area in SW Spain. We analysed the transfer of trace elements from soil to the
aboveground biomass, for a set of 11 native tree and shrub species. Thus, we could
assess the possible risk of bioaccumulation in these species. We also studied the nutrient
uptake and nutritional status of the main tree species in the area (Olea europaea,
Populus alba, Quercus ilex subsp. ballota). Finally, we studied the survival, growth and
establishment of holm oak (Q. ilex) seedlings. We combined field observations and
experiments, with assays under controlled conditions to study plant responses to these
changing environments.

The transfer of the trace elements from soils to the aboveground biomass
depended on the element and the species. For eight studied trace elements, Cadmium,
Zinc and Copper were the most mobile elements in the soil-plant system. Most of the
species showed low trace element concentrations in their leaves [1]. The exception were
Populus alba and Salix atrocinerea, which accumulated up to 1.7 and 7 mg kg” of
Cadmiun and 400 and 800 mg kg’ of Zinc, respectively. Greenhouse experiments
confirmed that, for Q. ilex, Cadmiun is mostly retained in roots, with a maximum of 0.3
% of translocation from roots to leaves. We detected evidences of negative interactions
between soil pollution and P uptake, especially for O. europaea. In this species
pollution explained a 40% of the variability of leaf P concentrations, and was negatively
correlated to the the N:Mg ratio and the leaf chlorophyll content, under field conditions.
Under controlled conditions, high concentrations of some trace elements decreased leaf
photosynthesis rates, reducing plant growth. However, under field conditions, the
bioavailable concentrations were much lower than those concentrations causing
deleterious effects under controlled conditions [2]. Thus, other factors rather than soil
pollution, such us light and soil moisture, were more determinant for seedling
establishment under field conditions.

[1] Dominguez MT, Maraiion T, Murillo JM, Schulin R, Robinson BH. 2008.Trace element accumulation
in woody plants of the Guadiamar valley, SW Spain: a large scale phytomanagement case study.
Environmental Pollution 152:50-59.

[2] Dominguez MT, Madejon, P., Marafiéon T, Murillo JM. 2008. Afforestation of a trace-element
polluted area in SW Spain: woody plant performance and trace element accumulation. European
Journal of Forest Research. (in review).
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The landscape dynamics influence population genetic structure of the
endemic plant of Crete Phlomis lanata Willd. (Lamiaceae)

Georgescu Luciana, Blaha Juliane, Bariotakis Mihalis, Stergios Arg. Pirintsos
Department of Biology, University of Crete, P.O.Box 2208, 71409 Heraklion, Greece

Genetic diversity is important for the maintenance of the viability and the
evolutionary or adaptive potential of populations and species. The wide distribution of
the endemic plant of Crete Phlomis lanata Willd (Lamiaceae) mainly on the central and
eastern part of the island, the ability of inhabiting altitudes from the sea level to 1600m
high, and the apparent absence of physical barriers to dispersal might suggest that the
individuals of this species exist as a large, panmictic population. However, the wide
variety of Mediterranean habitat types on the island, and the dynamic nature of these
habitats over time due to natural phenomena or human influence, could potentially
structure Phlomis lanata populations. The genetic structure of Phlomis lanata was
analyzed using AFLP across eleven populations situated in different habitat type,
covering a range of altitudes from 17m tol462m. We tested whether landscape
variables, including topographical distance, elevation, and cover type, were correlated
with genetic subdivision (PhiPT) obtained by analysis of molecular variance
(AMOVA). Then, in order to test the hypothesis that low-altitude sites, presumably
susceptible to sea-level fluctuations, alluvial deposition and human influence, are in
general more diverse at the level of genetic complexity than inland sites, we used tree
approaches: (i) Mantel tests (ii) the PCoA procedure, and (iii) Sp statistics and spatial
autocorrelation. Overall, gene flow appears highly restricted among populations, with a
global PhiPT of 0.178 (P<0.01). Mantel tests performed over all landscape sections
(populations) detected a significant correlation (permutations were set to 9999)
(Rxy=0.196, P=0.07) between the genetic distances matrix and the geographical
distances matrix. Spatial autocorrelation revealed clear spatial genetic structure in each
population, even though the pattern diminished in older populations. Mean Sp statistics
among the populations was 0.0233 and there was only slight variation between the
populations, from 0.0119 to 0.0413. Spatially implicit (STRUCTURE) models were
used to characterize patterns of landscape genetic structure. All models clustered these
populations of Phlomis lanata into four genetically distinct groups, corresponding to
Lefka Ori Mountain, Psiloritis Mountain, Anopoli and Skotino geographic regions.
These groups were also characterized by different extent of genetic differentiation
among populations which reveal more pronounced genetic structure of low-land
populations. Our analysis hence suggests that the evolution of the landscape has a
significant influence on the structuring of the population under study.
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No evidence for local adaptation in thermal and drought responses in
Holm Oak seedlings from six contrasting populations

Teresa E. Gimeno (1), Beatriz Pias (1), José Pires Lemos-Filho (2) and Fernando Valladares (1,3)
(1) Instituto de Recursos Naturales, CCMA, CSIC, Serrano 115, 28006 Madrid, Spain
(2) Departamento de Botanica, Instituto de Ciéncias Biologicas, Universidade Federal de Minas Gerais,
Av. Anténio Carlos 6627, 31270-010, Belo Horizonte, MG, Brazil
(3) Universidad Rey Juan Carlos, Area de Biodiversidad y Conservacion, C/ Tulipan s/n, 28933Mbstoles
(Madrid), Spain

Plant populations of widely distributed species experience a broad range of
climatic conditions and environmental variability. To face this environmental
heterogeneity plants might develop either a high phenotypic plasticity or evolve
ecotypic differentiation and local adaptation. We selected six Holm oak (Quercus ilex)
populations with contrasting climate and evaluated the response to drought and cold.
Acorns collected at the six sites were sown and recorded acorn size was registered
together with emergence rate and seedling height. We measured maximum
photoshynthetic rate (Amax), instantaneous water use efficiency (iWUE) and thermal
tolerance to freeze and heat in five-month old seedlings in optimum (no stress), drought
and cold conditions. The observed responses were similar for all populations: drought
decreased Amax and increased iIWUE, cold reduced both Amax and iWUE. All
seedlings maintained photosynthetic activity under adverse conditions (both under
drought and under freezing temperatures), and rapidly increased their iWUE by closing
stomata when exposed to drought. Heat and freeze tolerances were significantly
increased by drought and cold respectively, and we found a significant positive
relationship between heat and freeze tolerance. All seedlings showed a very high
resistance to both freeze and heat. On the whole, our results revealed a rapid within
population adaptability to increasingly stressful conditions and a great general
resistance to adverse conditions of the seedlings of this species. We did not find any
evidence of a local population differentiation at the ecophysiological level explored
despite the contrasting climatic conditions of the original sites of the populations
studied. Collectively, our results suggest that phenotypic plasticity coupled with a broad
tolerance of stressful conditions and not ecotypic specialization to cope with a fraction
of the environmental heterogeneity already experienced by Q. ilex are the means by
which this species could face climate change scenarios characterized by extreme
temperatures and increased drought and climatic variability.
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Monitoring vegetation patterns in Northeastern Morrocco with nested
equidistant grids

Gerald Jurasinski (1), Carl Beierkuhnlein (2)
(1) University of Rostock, Institute of Management of Rural Areas, Working Group Landscape Ecology
and Site Evaluation; Justus-von-Liebig-Weg 6, 18059 Rostock, Germany
(2) University of Bayreuth, Department of Biogeography; 95440 Bayreuth

In the light of land use and climate change which rapidly alter landscapes and
ecosystems worldwide there is an urgent need for standardized and comparable data in
order to detect changes of biodiversity. Therefore, it is paramount to provide methods
for the comprehensive assessment and evaluation of biodiversity. If biodiversity is lost
rapidly at the landscape level, frequent re-investigations are necessary in order to detect

and analyze such changes.

We developed a spatially explicit, widely applicable method for the assessment
and analysis of phytodiversity, encompassing species richness as well as spatial and
temporal heterogeneity of diversity (alpha-, beta-, gamma-diversity) consisting of

equidistant nested sampling grids.

These have been applied in a case study in Northeastern Morocco to investigate
the drivers of spatio-temporal patterns in vegetation. The nested equidistant sampling
grid with hexagonal plots allows for a detailed evaluation of different aspects of biotic
diversity on landscape scale. Based on revisits the temporal turnover has been evaluated
as well. However, while disturbances play an important role in shaping the emergent
patterns of species distribution, the long time disturbance regime, manifested in the
coarse vegetation structure, is even more important. Most notably, the relatlonshlps

between spatial patterns of diversity
and their drivers vary with scale and
exhibit considerable non-stationarity.

Figure 1. a) Exact geographical positions
of the sampled plots on the map. b-d)
Based on the arrangements of the 43 large
plots it is possible to define regular grids of
19 large plots on three distance levels on
which the spacing between neighbouring
large plots is as follows: b) dl1 - 360m, c¢)
dl2 - 720m, d) dI3 - 1440m. e) Each large
plot contains a regular grid of 19 plots.
They have a side length of 8m (166 m2).
Sampling was conducted on 2 to 4
randomly drawn plots of each large plot.
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Effects of Global Change on early fitness components and offspring
performance of an endemic Mediterranean gypsophile

Beatriz Pias (1), Silvia Matesanz (1), Amaya Herrero (2), Teresa E. Gimeno (1), Fernando Valladares (1)
and Adrian Escudero (2)
(1) Instituto de Recursos Naturales, CCMA-CSIC, ¢/ Serrano 115, dpdo, 28006 Madrid, Spain
(2) Unidad de Biodiversidad y Conservacion, Escuela Superior de Ciencias Experimentales y
Tecnologicas, Universidad Rey Juan Carlos, ¢/ Tulipan s/n, 28933 Mostoles, Spain

Maternal environment can influence offspring traits and performance. In natural
conditions, plant populations are subject to rapid changes in their natural environment,
as a result of simultaneous global changes. Despite these conditions can affect early
fitness components, information on the effects of global change on the offspring
performance of plant species is virtually inexistent.

Here we analyzed under controlled conditions the combined effect of three drivers
of global change (habitat fragmentation, reductions in habitat quality and climate
change) on early fitness components and on the offspring performance of Centaurea
hyssopifolia, a gypsophile shrub endemic to the central Iberian Peninsula.

Fragmentation showed the greatest effects on germination, survival and
performance of the seedlings. Seedlings of mothers from small fragments germinated
more slowly, showed lower survival or died faster, and showed lower photosynthetic
rates under well-watered conditions. Moreover, germination of plants from small
fragments was more susceptible to reductions in habitat quality and water shortages in
the soil. We did not find seedlings to differ in their plasticity to water stress or in their
ability to survive to drought. More than 85% of the seedlings survived until water
content in soil was almost inexistent.

These results highlight the key role of global change drivers in the persistence of
these populations affecting early fitness components and the performance of the
descendants, and the importance of studies involving different factors and global change
drivers.

147



Session 1.5 Poster Presentations
Impacts of global change in Mediterranean-type ecosystems

Effects of CO; enrichment and increased temperature on tomato and
faba bean and their interactions with broomrape

B. Ullrich*, P. Hogy, J. Grenz , J. Sauerborn, A. Fangmeier
Institute of Landscape and Plant Ecology, Universtitit Hohenheim, Germany
*bullrich@uni-hohenheim.de

Until the end of the 21% century, the concentration of atmospheric carbon dioxide
is likely to increase to approximately 600 pmol I"'. This would strongly contribute to a
rise of global mean temperatures by some 2 °C, referring to best-case scenarios (IPCC,
2007). Without doubt these changes of the environment will affect plant growth and
ecological behaviour. This may include impacts on yield productivity and quality of
agricultural crops, and on their interactions with pests, pathogens or parasitic weeds.

In order to assess the effects of elevated CO, concentration and increased
temperature on field crops as well as the interaction with parasitic plants, tomatoes
(Solanum lycopersicum) and faba beans (Vicia faba) were grown with and without
broomrape (Orobanche ramosa and O. crenata, respectively) in climate chambers.
Plants were exposed to ambient (400 pmol 1) and elevated CO, (600 pmol 1) in
combination with a present and a future temperature profile of Adana, Turkey (mean
daily temperatures of 19.7 °C and 21.7 °C, respectively). Effects of each factor (CO,,
temperature, broomrape) on vegetative plant parts and crop yield were observed.

A significant negative effect of higher temperature on vegetative dry weight of
both species and on tomato yield was offset by CO, enrichment. Elevated CO, and
temperature also exerted an influence on gas exchange of tomatoes: in some cases, dark
respiration (Ry), the maximum rate of carboxylation (Vcemax) and the maximum rate of
electron transport (Jn.x) were significantly higher at elevated CO,. With raised
temperature, the mentioned parameters increased under elevated CO,, but decreased at
ambient CO; levels. A significant effect of broomrape infection on leaf gas exchange
was only found in faba beans, where dark respiration decreased upon Orobanche
emergence.

[1]IPCC, 2007: Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to

the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [Solomon, S., D.
Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor and H.L. Miller (eds.)]. Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA
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Do young and old trees tell us the same story about climate conditions?

Joana Vieira, Filipe Campelo & Cristina Nabais
Center for functional Ecology, Department of Botany, University of Coimbra, Portugal

Dendroclimatology generally assumes that climate-growth relationships are age
independent once the biological growth trend has been removed. Nevertheless, tree
physiology changes with age, namely photosynthetic capacity and hydraulic
conductivity. This may cause an alteration in climate-growth response over time. We
tested whether the radial growth response to climate and the intra-annual density
fluctuations (IADFs) of Pinus pinaster Ait. changed with age. IADFs are anatomical
structures formed in response to changing climatic conditions during the growing
season. The radial position of an IADF within the ring is determined by the time the
triggering factor occurred, improving the time resolution of the analyses [1].

Trees were sampled in Pinhal de Leiria (Portugal), and were divided in two age-
classes: young (<65 years-old) and old (>115 year-old). The IADFs were classified
based on the radial position within the ring: Type E with latewoodlike cells within the
earlywood; Type L with earlywoodlike cells within the latewood and type L with
earlywoodlike cells between latewood and earlywood of the next tree ring [2].

Earlywood and tree-ring width of young P. pinaster trees were more sensitive to
climate influence while latewood width responsiveness to climate was stronger in old
trees. This could be due to a faster growth rate of young trees or to an earlier growing
season start [3]. Thus a time window delay occurs between young and old trees during
which the wood cells integrate environmental signals. Additionally, the efficiency of
water translocation through a tree decreases with increasing age, due to increasing root
to shoot distances, the development of nonconductive heartwood, and the formation of a
progressively thinner sheath of new xylem [4]. As a result water deficits may become
more pronounced with age and this was reflected in the higher response of latewood
width to climate in older trees.

The type and frequency of IADFs can detail the climatic signal during the
growing season. High precipitation and temperature in late summer and autumn
triggered IADF formation in P. pinaster. Young trees showed a higher frequency of
IADFs, mainly located in the latewood, being the type L+ the most frequent. The higher
the number of cells produced along a radial row, as in young trees, the longer the overall
period of tree ring formation. The accumulation of substances in cell walls close to the
end of the growing season, when climatic conditions are less favourable can result in
IADF formation. In climate reconstruction, it is important to identify age-dependent
relationships because they can give different climatic information and in this way detail
the climate reconstruction.

[1.] Wimmer, R., G. Strumia, and F. Holawe, Can. J. Forest Res. , 2000. 30(11): 1691-1697.
[2.] Campelo, F., Nabais, C., Freitas, H., Gutierrez, E., Ann. For. Sci., 2007. 64(2): 229-238.
[3.] Rossi, S., Deslauriers, A., Anfodillo, T., Carrer, M., New Phytol., 2008. 177(1): 199-208.
[4.] Szeicz, J.M. and G.M. Macdonald, Can. J. For. Res., 1994. 24(1): 120-132.
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ALARM - Risks to biodiversity from climate change

Martin T. Sykes, Thomas Hickler and the climate pillar participants.

In the initial years research within the ALARM climate pillar concentrated into
two main areas, assessing and devising improved climate and land use scenarios, and
the development and application of methods to assess the risks and impacts of climate
change on biodiversity and ecosystems in general. New scenarios were developed
taking into account new socio-economic aspects and the results extensively used within
the project and elsewhere. With regard to impacts, available biological data at different
scales for selected biota were complied including highly sensitive species, fingerprints
of climate change analysed and the vulnerability of selected species to range reduction
and fragmentation explored. Impacts of climate and land use change on particularly
sensitive ecosystems including mountains, Mediterranean, subarctic and freshwater
ecosystems were explored through experimentation, observation and modelling. In
final years of the project risks to biodiversity were analysed on various levels,
including shifts in climatic space and land use, changes in ecosystem structure, and
effects on the distributions and population dynamics of species.
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Where have the flowers gone? From natural vegetation to land use and
land cover types: past changes and future forecasts

Nagy, L. (1), Dendoncker, N. (2), Butler, A. (3), Reginster, I. (4), Rounsevell, M. (2)

(1) University of Vienna, Department of Conservation Biology, Vegetation and Landscape Ecology,
Althanstrasse 14, A-1090 Wien, Austria and EcoScience Scotland, 2/1 Glencairn Drive, Glasgow G41
40P, Scotland, UK
(2) University of Edinburgh, Centre for the Study of Environmental Change and Sustainability,
Drummond Library, Room 1, Drummond Street, Edinburgh EHS 9XP, Scotland, UK
(3) Biomathematics and Statistics Scotland, University of Edinburgh, JCMB, The King's Buildings,
Edinbugh, EH9 3JZ, Scotland, UK
(4) Department of Geography, Université Catholique de Louvain, Place Pasteur, 3 B-1348 Louvain-la-
Neuve, Belgium

The objectives of this work were two-fold: (1) to quantify past changes that have
affected the natural vegetation of Europe, and (2) to analyse what rates the model of
land use change (MOLUSC, developed in ALARM by Rounsevell et al.) resulted for
the alpine zone. Past changes included (a) the quantification of the degree of
conversion by human activities of natural vegetation in Europe, and (b) an analysis of
the distribution of land use — land cover types in the major zonal (bioclimatic) and
azonal vegetation types. Rates of forecast land use change were made by comparing the
values produced by MOLUSC; the downscaled results for each of six scenarios and
three time scales were compared against the baseline of the aggregated CORINE classes
of the year 2000. As climate change and land use are perceived as drivers of equal
importance for alpine and arctic environments, we sought an answer to the question if
modelling climate change and land use, using climate and land use scenarios developed
by the ALARM project indicated similar degrees of change.

The assessment of the extent of modification by land use of each of the main
natural vegetation types was made by comparing the model map of natural vegetation of
Europe (Bohn et al. 2004) with the GLC 2000 Global Land Cover map (http://www-
gem.jrc.it/glc2000/). The analysis has shown that over 40% of the total land area is
under cultivation. Some of the main natural vegetation types (mostly lowland and
lower montane) have undergone large rates of conversion, while others such as those in
the upper montane and alpine zones have been affected little.

A modest rate of change was predicted by MOLUSC in the alpine zone: a slight
increase in forest cover (2-5%) and a corresponding decrease in ‘grassland’ cover.
Predictions of climate change alone, based on forecast temperatures using identical
scenarios to those employed in MOLUSC suggested a dramatic decrease in the alpine
climate zone. A dynamic vegetation model alone (developed in ALARM by Lund
University) also indicated a potential high reduction in today’s alpine zone. The
MOLUSC output suggests a high degree of control on vegetation change by land use in
the alpine zone, a zone where land use - land cover maps suggest a low degree of human
impact.

Bohn U, Gollub G, Hettwer C, Neuhduslova Z, Raus T, Schliiter H, Weber H. 2004. Map of the natural

vegetation of Europe. Scale 1 : 2 500 000. Part I. Explanatory text with CD-ROM Bonn: Bundesamt
fiir Naturschiitz.
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Risk Assessment for Biodiversity: an integrated approach

Serenella Sala & Marco Vighi
University of Study Milano Bicocca, Department of Environmental Science;
Pizza della Scienza, 1, 20126 Milano, Italy

Performing a risk assessment for biodiversity is a difficult task because it covers
several issues and most of them suffer for a lack of crucial information. Several
indicators have been developed to assess some aspect of biodiversity on the national,
international or global scale but they often do not cover the complexity of the
problem.[1].This work represents an attempt for developing, within ALARM Project, a
tool for biodiversity risk assessment that integrates approaches and results coming from
different disciplines (Ecotoxicology, Landscape Ecology, Hearth Sciences). A GIS-
based procedure to asses ecotoxicological site-specific risk on biodiversity is described.
In particular, the risk from pesticides for aquatic and terrestrial (epigean and hypogean)
ecosystems is addressed.

The methodology is based on an integration of databases, algorithms for pesticide
exposure evaluation, risks indices, landscape’s patch analysis using Geographical
Information System for managing models input data and results in a distributed way on
the territory. Molecular properties, as chemical-physical and toxicological data of active
ingredients, and environmental characteristics, as land use, crop distribution, landscape
elements are managed for elaborating and developing realistic application scenarios [2].

The methodology allows calculating exposure and ecotoxicological risk indices
for the main organisms representative of aquatic and terrestrial ecosystems. The use of
GIS allows accounting for the spatial variability of input data and output results.

The procedure is based on the application of Ecotoxicological Risk Indices,
Species Sensitivity Distribution, Indices of Landscape Ecology, Habitat Suitability
Indices. All these approaches are integrated, and evaluated in a site specific perspective,
in order to assess suitability and vulnerability of ecosystems and to develop site specific
landscape maps.

The application of this methodology, and its further implementation (e.g. with
meteo-climatic provisional scenarios, with temporal evolution of stressors, with socio-
economic assessment), could represent and useful tool in order to combine and optimise
provisional risk assessment for biodiversity supporting policy development.

A case history is described, referred to the application of the methodology at
different scales (from field to regional) in order to underline the flexibility of the site-
specific approach. An example of pesticide risk assessment for biodiversity is presented.
The results allow comparing active ingredients to draw a classification of the
environmental sustainability of their use, to protect ecosystems and to evaluate
vulnerability related to landscape elements.

[1] S. Sala, M. Vighi “A proposal for indicators of ecotoxicological risk on biodiversity” - oral
presentation at 17th Annual meeting Setac Europe “The multiple stressors for the environment and the
human health- present and future challenges and perspectives", Porto, Portugal, May 2007

[2] Sala S., Vighi M., 2008 “GIS-based procedure for site-specific risk assessment of pesticides for
aquatic ecosystems” Ecotoxicology and Environmental Safety, 69(1):1-12. Epub 2007 Nov 1.
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Assessing risks for pollinator diversity and pollination services

Ingolf Steffan-Dewenter & Simon G. Potts
Ingolf Steffan-, Population Ecology Group, Department of Animal Ecology I, University of Bayreuth,
Germany, contact: ingolf.steffan@uni-bayreuth.de
Simon G. Potts, Centre for Agri-Environmental Research, School of Agriculture, Policy and
Development, The University of Reading, UK, contact: s.g.potts@reading.ac.uk

Pollinator diversity is threatened by multiple, potentially interacting factors such
as destruction and fragmentation of natural or semi-natural habitats, increasing land use
intensification, pesticide use, environmental pollution, invasive species and climate
change. The relative importance of these risk factors, and in particular the consequent
risks for pollination services, are mainly unknown. Furthermore, risk factors may vary
between different habitat types, landscapes and biogeographical regions. In this context
the “Pollinator loss” module within the EU-project ALARM aims to: (1) quantify
distribution shifts of key pollinator groups across Europe, (2) determine the relative
importance of drivers of pollinator loss (land use, climate chance, environmental
chemicals, invasive species), (3) measure the economic and biodiversity risks associated
with the loss of pollination services in agricultural and natural ecosystems, (4) promote
the conservation and sustainable use of pollinators in natural and agricultural
ecosystems, and (5) develop predictive models for pollinator loss and consequent risks.
In this talk we will give an overview of major findings of the project.
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Climate Monitoring and Adaptation in the South American Andes,
Integrated Across Regions and Disciplines

Stephan Halloy (1), Karina Yager (2), Carolina Garcia (3), Stephan Beck (3), Anton Seimon (4,
Tracie Seimon (5), Julieta Carilla (6), Alfredo Tupayachi (7), Jorge Jacome (8)
(1) Conservation International, Andes CBC, La Paz, Bolivia
(2) Anthropology Dep., Yale University, USA
(3) Herbario Nacional, Universidad Mayor de San Andrés, La Paz, Bolivia
(4) Wildlife Conservation Society, New York, USA
(5) Columbia University, New York, USA
(6) Laboratorio Ecoldgico de las Yungas, Universidad Nacional de Tucuman, Argentina
(7) Instituto de Investigaciones para el Desarrollo Sustentable de los Agroescosistemas Andios IDSA-
ANTARKI, Cusco, Peru
(8) Universidad Javeriana, Bogota, Colombia

ALARM supported the set up of the first network for monitoring the impact of
climate change in the Andes, following GLORIA (Global Observation Research
Initiative in Alpine Environments) methodology (www.gloria.ac.at). In addition to
establishing GLORIA sites, we initiated interdisciplinary research on a variety of
interdependent themes including: mammals, reptiles, amphibians, soil bacteria, glacial
retreat, agriculture and animal husbandry [1-3]. There are now six GLORIA sites
established in the Andes (four of them with ALARM support), and seventeen more have
been identified for development pending new funding. The four ALARM sites are in
Pert, Bolivia and Argentina. To these we add comparisons to the highest studied
autotrophic plant communities on Volcan Socompa, Argentina. We report on broad
geographic, vegetation and climatic patterns for the five research sites while
highlighting some of the multidisciplinary branches being explored. The highest
vascular plant richness was found in the geologically oldest mountain range, Cumbres
Calchaquies, Argentina, whereas the highest lichen richness was found in the Cordillera
Apolobamba, Bolivia, and the highest bryophyte richness was found on the recent
fumaroles of the Socompa volcano. Vascular plant species richness is locally
determined through geology, grazing, rainfall and other landscape heterogeneity. Thus
numbers do not necessarily decline with altitude, creating much richer and complex
patterns than in temperate mountains. Lichen species numbers have a tendency to
increase with altitude at several sites, again contrary to general assumptions. In contrast
to species numbers, cover (or total biomass) decreases dramatically at the highest sites
(Orko Q’ocha (Vilcanota), Moraroni (Apolobamba) and Isabel (Cumbres Calchaquies).
Thus, highest sites are characterized by relatively high species numbers, but represented
by only a small number of colonizing individuals. Each of these higher sites has been
covered in persistent ice or snow in relatively recent times (estimated at a few decades
to a hundred years). There are clear indications of upward mobility in plants,
vertebrates, cultivation and livestock [2]. Disease organisms are advancing as well,
sometimes wiping out the gains in range expansion (amphibians recorded at the highest
altitudes in the world, followed by chytrids, [2]). Declining water availability and
variability has dried lakes and wetlands (Andean peat bogs) in some areas, with
significant changes in species composition and livestock carrying capacity [4].

References?
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Spatial mismatch of interacting species in the course of climate change

Oliver Schweiger (1), Josef Settele (1), Otakar Kudrna (2), Stefan Klotz (1), Ingolf Kiihn (1)
(1) Helmholtz Centre for Environmental Research, UFZ, Department of Community Ecology, Theodor-
Lieser-Str. 4, D-06210 Halle, Germany
(2) Geldersheimer Strafie 64, D-97424 Schweinfurt, Germany
oliver.schweiger@ufz.de

Recent climate change has already affected the distributions of many species but
future changes are likely to have even more severe impacts. However, climate is only
one determinant for the distribution of species but many other factors are likely to
contribute, such as dispersal, land cover, and biotic interactions. Considering
interactions, climate change may have unexpected consequences when the occurrence
of one species is influenced by the occurrence of others. Current studies have evidenced
temporal mismatching of interacting species at single points in space. However, we are
not aware that the ranges of interacting species may become substantially spatially
mismatched.

Based on separate ecological niche models of the monophagous butterfly Boloria
titania and its larval host plant Polygonum bistorta, we show that all of three chosen
global change scenarios (moderate, intermediate, maximum change) will result in a
pronounced spatial mismatch of both species’ future niche spaces within Europe. The
butterfly may expand considerably its future range distribution (by 124-258%) if the
host plant has unlimited dispersal, but it could loose 52-75% of its current range
distribution if the host plant is not able to fill its ecological niche, and 79-88% if the
butterfly also is assumed to be highly dispersal limited. This approach is expanded on
34 butterfly species and their host plants.

First results strongly suggest that climate change has the potential to disrupt
trophic interactions because co-occurring species do not necessarily react in a similar
manner to global change, having important consequences at ecological and evolutionary
time scales.
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The ALARM Focal Site Network: the promise and pitfalls of
distributed research

William E. Kunin, Jacobus C. Biesmeijer, , Jens Dauber , Chiara Polce and the ALARM FSN working
group.

Institute for Integrative & Comparative Biology, University of Leeds, Leeds LS2 9JT, UK, contact:
W.E.Kunin@leeds.ac.uk

Ecologists are increasingly called upon to provide insights and predictions
concerning processes operating at national, continental or even global scales. To do so,
they generally either extrapolate up from fine-scale field observations performed at a
single site, or else rely on coarse-scale correlative database analyses. The ALARM
Focal Site Network (FSN) was established to provide an alternative approach: a
network of geographically dispersed field sites, within which common observational or
experimental protocols could be carried out. In principle, such approaches should allow
fine-scale precision but with a broad geographical perspective; a local perspective of
processes acting across a continental. The FSN is composed of paired landscapes with
contrasting land use patterns in 16 regions across Europe. The research carried out in
the first two seasons of the network's existence illustrates both the power of
geographically replicated research, and some of the pitfalls involved.
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Key results of the project ALARM (Assessing LArge-scale
environmental Risks for biodiversity with tested Methods)

Josef Settele, Volker Hammen, Stefan Klotz, Joachim Spangenberg &Ingolf Kiihn
Helmholtz Centre for Environmental Research - UFZ; Theodor-Lieser Str. 4, 06120 Halle, Germany

Within this final contribution of the session we plan to summarize the main
findings of the ALARM project (funded by the European Commission within FP6;
Priority 6, « Sustainable Development, Global Change and Ecosystems »;
www.alarmproject.net).

We also present some ideas and plans for future work. We expect that for quite a
long period there will still be many outputs from ALARM even after the official
termination of the project.

We will focus on the achievements of the development of an integrated large scale
risk assessment for biodiversity as well as terrestrial and freshwater ecosystems.
Particular focus is put on risks consequent on the interactions of climate change,
environmental chemicals, loss of pollinators and biological invasions. One further
emphasis is on socio-economic risk indicators related to the drivers of biodiversity
pressures as a tool to support long-term oriented mitigating policies and to monitor their
implementation.

158



Poster presentations

159



Session 1.6 Poster Presentations
Results of the Project ALARM

Human impact for chemical cycles and biodiversity in peat lands from
Kampinoski National Forest

Piotr Gromadka
Author informations missing

Kampinoski National Forest is situated 10 km west of Warsaw, ones of the
biggest city agglomeration in Poland. This is a sizeable semi-natural wildness area
compressing 55, 000 acres of forest and 44,500 acres of dunes and marshlands.
Together with surrounding buffer zone this area has been recognized by UNESCO as a
Biosphere Reserve from the year 2000 onward. Area covered by Kampinoski Forest is
build of alluvial sandy clastics deposited by Vistula river in the proglacial valley during
Late Pleistocene. However, a high level of ground water created favorable
environmental conditions for development of an ash-alder forest and typical bog alder
forest associated with low moor bog and low moor peat bog soil on the large areas of
the floodplain. Proximity humans housing estates surrounding National Forest to exert
pressure on all area of forest, especially for the floodplain. First mention about human
activity in this area are dating 7 thousand years before present. The last 3 hundred years
was a deciding factor for actually appearance. Drainage melioration, robbery
management to brought National Forest to ruin. Dramatically anthropogenic influence
for water regime caused irreversible changes in floodplain areas. Guidelines research
are: how deep human activity change carbon and nitrogen cycles in drainage peat lands,
how this changes influence for biodiversity and how it make all of this changes could be
put for global climate fluctuation. For investigation was chosen three similar peat bogs,
but another degradation degree. Experiment was made in air-condition chamber in
control hydro-temperature conditions. Mineral forms, organic compounds soluble in
water, and gas emission of nitrogen and carbon was measurement. Remains from core
was determined and correlated with radiocarbon dating and with historical human
activity dating. Result shows that — all of experimental areas are going in
eutrophications way, all lost a typical plants and all increase a lot of carbon dioxide,
nitrogen oxide and some of them in especially conditions methane. The major factor to
control almost all of processing in drainage areas is a humidity.
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The effect of heavy metal pollution on wild bee Osmia rufa

Dawid Moron (1), Hajnalka Szentgyérgyi (1), Irena Grzes (1), Simon G. Potts (2), Ryszard Laskowski (1)
& Michal Woyciechowski (1)
(1) Jagiellonian University, Institute of Environmental Sciences; Gronostajowa 7, 30-387 Krakow,
Poland
(2) Reading University, Centre for Agri-Environmental Research; PO Box 237, Reading, Berks RG6 6AR,
UK

Contamination of natural environment with various products of human activity is
a long lasting problem. Negative effects of metal pollution were shown for a number of
organisms, including many species of invertebrates. However, most of these studies
were restricted to soil dwellers. Much less is known about the effects of metal pollution
on organisms not connected directly with soil, but otherwise living in polluted areas.
Invertebrate pollinators, especially wild solitary bees, have been studied scarcely despite
their crucial role in most terrestrial ecosystems.

We have studied the fitness parameters of the red mason bee Osmia rufa along
heavy metal pollution gradients. Freshly emerged bees were released along two
gradients near zinc smelters one in Poland and the other in England. On the selected
sites along the gradients they were provided with reed tubes where females could start
their nests. The sites represented a broad range of pollution, from background levels
some 20-30 km from the pollution sources, to extremely polluted areas next, to the
smelters. At the end of the season the bees’ nests were collected and their progeny’s
development was observed and measured.

We found that females on contaminated sites provisioned their larvae with
contaminated pollen and, therefore, they produced less adult offspring. Developing bees
fed metal-polluted pollen died more frequently during development, especially males.
Higher mortality rates resulted in lower numbers of offspring and, in consequence,
smaller populations of reproducing adults in the next season. This, combined with the
disturbed sex ratio, will inevitably reduce population numbers of the forthcoming
generation.

The pollinator decline observed all over the World may suggest that bees belong
to species rather sensitive to environmental changes. We showed that heavy metal
contamination is yet another negative effecting added to the long line of factors affected
wild bee populations and their interactions with plants.
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New electronic journal “Aquatic Invasions”: an important part of the
developing European early warning system on aquatic invasive species

Vadim Panov (1), Stephan Gollasch (2), Boris Alexandrov (3), Kestutis Arbaciauskas (4), Gordon Copp
(5), Bella Galil (6), Francesca Gherardi (7), Michal Grabowski (8), Frances Lucy (9), Momir Paunovi¢
(10), Mikhail Son (3)

(1) St. Petersburg State University, St. Petersburg, Russia, vpanov@mail.ru,
vpanov@aquaticinvasions.ru
(2) GoConsult, Hamburg, Germany, SGollasch@aol.com
(3) Institute of Biology of the Southern Seas, Odessa Branch, Odessa, Ukraine, alexandrov@paco.net
(4) Vilnius University, Institute of Ecology, Vilnius, Lithuania, arbas@ekoi.lt
(5) Cefas, Salmon & Freshwater Fisheries Team, Lowestoft, UK, gordon.copp@cefas.co.uk
(6) National Institute of Oceanography, Haifa, Israel, galil@post.tau.ac.il
(7) University of Florence, Italy, francesca.gherardi@unifi.it
(8) University of Lodz, £6dz, Poland, michalg@biol.uni.lodz.pl
(9) Environmental Services Ireland, Institute of Technology, Sligo, Ireland, lucy.frances@itsligo.ie
(10) Institute for Biological Research “Sinisa Stankovic”, Belgrade, Serbia, mpaunovi@ibiss.bg.ac.yu

Aquatic Invasions is an electronic open-access international journal with focus on
biological invasions in inland and coastal waters of Europe, North America and other
regions (ISSN: 1818-5487, http://www.aquaticinvasions.ru). The journal provides the
opportunity of timely publication of first records of aquatic invaders and other relevant
information needed for risk assessments and early warning systems. Also, relevant
technical reports and conference proceedings can be considered for publication.

Currently Aquatic Invasions is serving as an important part of the developing Pan-
European early warning system on aquatic invasive species. In 2006-2007,
approximately 1500 new records of alien species in European inland and coastal waters
were published in 117 papers in 8 regular issues of the first two volumes of the journal.
The first records of the highly invasive ctenophore Mnemiopsis leidyi in the southern
and north-eastern Baltic in 2006-2007 were published in Aquatic Invasions less than
one month after the authors completed the field work, represents a sound example of the
early warning service provided by this online journal.

One of the key benefits of e-journal Aquatic Invasions is the timely and readily
available publication of essential primary scientific information, also needed for
decision-making. This journal may enable timely and coordinated eradication efforts of
newly found IAS. Manuscript publication, including a comprehensive review process,
takes on average less than one month, thereby reduces the publication time lag typical
of many peer review international journals. In addition, Aquatic Invasions provides a
publication platform for important information on management efforts of invasive
species and proceedings of relevant international meetings. Finally, the fast and
comprehensive review process of manuscripts serves as effective quality insurance
mechanism.

Aquatic Invasions is published on behalf of the European Research Network on
Aquatic Invasive Species (ERNAIS) with start-up support from the European
Commission Sixth Framework Programme Integrated Project ALARM (Contract no.
GOCE-CT-2003-506675).
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Macroecology and Climate Change: Linking disciplines and scales

David Nogués-Bravo
Museo Nacional de Ciencias Naturales (CSIC), Biodiversity and Global Change Lab, Spain

What shapes species diversity? This question, pointed out by Science as one of the
most outstanding scientific questions to be resolved in the coming decades, has
fascinated biogeographers and ecologists since the days of Wallace and Darwin.
Macroecology has been intensively describing large-scale biological patterns with the
promise that they can be explained by a mechanistic evaluation of processes operating
at different spatial and temporal scales [1]. Unveiling the hidden drivers of biological
diversity is a fundamental objective in order to progress our understanding of the future
impacts of Global Change on biodiversity, and to improve the current predictions of
future species extinctions. Collaborating with other disciplines such as Global Change
Biology, Population Biology, Molecular Biology, Paleocology and Paleontology can be
particularly fruitful to Macroecology; not only is it of critical importance to the
development of Macroecology as mature discipline, but also because understanding and
predicting effects of global change on biodiversity requires integrative studies across
spatial and temporal scales.

I will review the current and future trends for testing the effect of past climate
changes on Late Quaternary extinctions, and in the patterns of biological diversity: 1)
linking CEMs (Climate Envelope Models), population models and aDNA (ancient
DNA) to explain past species extinctions [2], and 2) linking paleoclimate information
with current global patterns of species richness [3]. I will also discuss 3) the potential
routes to develop better predictions of future climate change in species distribution and
extinctions because of climate change, this is done by linking CEMs with
ecophysiological and functional traits data sets: Mechanistic Climate Envelope Models
(MCEMs). Finally, I will highlight why the promise of Macroecology remains
unfulfilled: There is a general failure of ecological theory to deal adequately with
geographical scale [4].

Documenting mechanisms and testing their effects on emerging large-scale
patterns across the whole hierarchy of scales has been only modest, most likely because
of the difficulty of incorporating biotic variables at each relevant scale in a rigorous
empirical evaluation framework.

The widespread use of correlative approaches. The classical correlative
approaches support many times ad-hoc explanations of the trends emerging in the
results and many of them are merely exercises of curve-fitting in which the mechanisms
and processes (such as extinction, speciation or dispersal) are avoided.

[1] Brown, J.H. 1999. Macroecology: progress and prospect. - Oikos 87: 3-14.

[2] Nogués-Bravo, D., Rodriguez, J., Hortal, J., Batra, P. & Aratjo, M.B. 2008 Climate change, humans,
and the extinction of the mammoth. PLOS Biology. 6: €79. doi:10.1371/journal.pbio.0060079

[3] Aragjo, M.B., Nogués-Bravo, D., Diniz-Filho, J.A.F., Haywood, A.M., Valdes, P.J. & Rahbek, C.
2008. Quaternary climate changes explain diversity among reptiles and amphibians. Ecography 31: 8—
15

[4] Nogués-Bravo, D., Aratijo, M.B., Romdal, T., & Rahbek, C. 2008 Scale effects and human impact on
the elevational species richness gradients. Nature doi:10.1038/nature06812
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Effects of past climates on latitudinal gradients in plant diversity

Bjérn Reu (1,3), Axel Kleidon (1), Jack Williams (2) & Sebastian Schmidtlein (3)
(1) Max-Planck-Institute for Biogeochemistry, Hans-Knoll-Str. 10, 07745 Jena, Germany
(2) University of Wisconsin, Department of Geography, 550 North Park Street, Madison, WI 53706, USA
(3) University of Bonn Institute of Geography, Meckenheimer Allee 166, 53115 Bonn, Germany

Latitudinal gradients in diversity (LGD) are reported for contemporary plant
species and genera [1,2] as well as for the late Pleistocene and Holocene [3,4]. The
slope of the LGD has not been stable over time, thus its dynamics give a potential
avenue to evaluate possible environmental controls on its formation (e.g. current climate
vs. historical factors). Here
we present results from a
modelling study that links
the diversity of feasible
plant growth strategies to
prevalent climates (Fig.1).

We used an
individual based plant
diversity model [5] that can
predict the geographic
distribution of plant species
richness based on the
assumption that richness
mainly reflects differences
in plant ecophysiological

00 0z 04 05 08 1.0
relative richness in plant growth strategies

Fig.1 Geographic patterns of the richness of plant growth strategies
simulated with a process-based, generic plant model forced with
present-day climatic conditions [7]. Richness is expressed as a
trade-offs due to climatic percentage of the maximum value of species richness found in any
constraints. Different locality in the model.

climates simulated by a

climate model [6] are used to model diversity patterns of the late Pleistocene and
Holocene. The analysis of the modeled LGD dynamics is carried out in order to allow
for comparisons with past LGD derived from fossil pollen data of Europe [3] and North
East America [4]. Since the model assumes equilibrium with climate, the agreement of
modeled vs. observed LGD dynamics on glacial-interglacial timescales allow for better
understanding the relative contribution of climatic factors on the formation and stability
of diversity gradients.

[1] D. Currie & V. Paquin (1987), Nature, 329, pp. 326-327

[2] H. Kreft & W. Jetz (2007), PNAS, 104, pp. 5925-5930

[3]17. Silvertown (1985), Journal of Biogeography, 12, pp. 519-525

[4] D. Kaufman & J. W. Williams (accepted), Journal of Biogeography

[5] A. Kleidon & H. Mooney (2000), Global Change Biology, 6, pp. 507-523

[6] G. Hoffmann & M. Werner (personal communication)

[7] S.M. Uppala et al. (2005), Quarterly Journal of the Royal Meteorological Society, 131, pp. 2961-3012
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Global Plant Diversity and Climate Change

Henning Sommer (1), Holger Kreft (1,2), Gerold Kier (1), Walter Jetz (2), Jens Mutke (1), Wilhelm
Barthlott (1)
(1) Nees Institute for Biodiversity, of Plants, University of Bonn, Meckenheimer Allee 170,
D 53115 Bonn, Germany
(2) Division of Biological Sciences, University of California San Diego, 9500 Gilman Drive MC 0116, La
Jolla, C4 92093-0116, USA

Climate change will cause shifts in the size and location of species ranges and in
species richness patterns. Contemporary species richness patterns can be explained
reasonably well by climatic factors at a macro-scale. However, there is evidence that
energy is the most important determinant of species richness at high latitudes, whereas
water availability is more important in warmer areas. Based on this water-energy-
richness hypothesis, we build a multipredictor model for global contemporary species
richness across 1,032 geographic regions worldwide. We analysed the likely impact of
climate change on species richness by applying the contemporary relationship between
climate and species richness to two contrasting global greenhouse gas emission
scenarios promoted by the Intergovernmental Panel of Climate Change (IPCC), in
combination with corresponding future climate surfaces from 5 global climate models
(GCMs) per 110x110km equal area grid. The moderate Bl scenario indicates an
average warming of 1.8°C, while the pessimistic A1FI scenario assumes a global
surface temperature rise of 4.0°C by 2100. Our approach allows the spatially explicit
quantification of the magnitude and direction of the possible impact of the predicted
climate change on the overall distribution of global plant diversity. By 2100, the
capacity for species richness per standard area decreases in a global average by 10.4%
in the ATFI scenario, whereas it remains similar to today in the B1 scenario (+0.2%).
Both scenarios indicate is a strong deviance in the predicted changes amongst different
geographic regions. Large proportions of species richness are likely to be not longer
supported by future climate conditions especially in many tropical and subtropical
drylands and in south-western Amazonia, whereas the capacity for species richness may
increase by more than 10% in Arctic and many temperate regions. However, any rapid
shift in contemporary climate conditions that causes changes in the capacity for species
richness according to our global models may have negative impacts on contemporary
floras caused by species turnover and local extinction, and resulting in possible changes
of ecosystem functionality.
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The Evolution MegaLab: A geographically referenced teaching and
learning project

Christian Anton (1), Oliver Bossdorf (2) & Jonathan Silvertown (3)
(1) Helmholtz-Center for Environmental Research -UFZ,; Theodor-Lieser Str. 4, 060120 Halle, Germany;,
E-mail: christian.anton@ufz.de
(2) University of Bern, Institute of Plant Sciences, Altenbergrain 21, CH-3013 Bern
(3) Department of Life Sciences, The Open University, Milton Keynes, MK7 6AA, United Kingdom.

Scepticism and misunderstanding of evolution are widespread among the general
public. The occasion of the 200th anniversary of the birth of Charles Darwin in 2009
provides an opportunity to correct this. We will describe a Europe-wide citizen science
project called the Evolution Megal.ab which is designed to give participants hands-on
experience of evolutionary change by inviting them to help in a survey of shell
polymorphism in the banded snails Cepaea nemoralis and C. hortensis. The most
striking feature of these snails is their array of shell colours and banding patterns. The
shells are yellow, pink or brown and can have up to five horizontal bands. Depending
on habitat type and environmental conditions, different colours and patterns provide
camouflage against bird predators, but also other advantages such as temperature
regulation. A website with versions in all of the major European languages has been
established (www.EvolutionMegalab.org) that provides background information,
instructions and a data base with quantitative historic data on the distribution of Cepaea
phenotypes. Data submitted by the public over the web are automatically compared with
historical records from nearby locations and participants receive instant feedback on any
evolutionary change that may have taken place. Beside science education, this project
will help to analyse adaptation processes of banded snails at different temporal and
spatial scales. The comparison of the historic distribution of Cepaea phenotypes from
the beginning of the 1920s to the late 1980s with the current distribution enables us to
understand the dynamics of adaptation in the context of altered land use and climate
change.
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Habitat and climate cannot explain species richness patterns of
European freshwater species

D. Matthias Dehling (1,3), Martin Brdndle (1), Christian Hof (2) & Roland Brand (1)
(1) Department of Animal Ecology, Faculty of Biology, Philipps-Universitit Marburg, Karl-von-Frisch-
Strasse 8, 35032 Marburg
(2) Center for Macroecology, Department of Biology, University of Copenhagen, Denmark; Biodiversity
and Global Change Lab, Department of Biodiversity and Evolutionary Biology, Museo Nacional de
Ciencias Naturales, Madrid, Spain
(3) Department of Nature Conservation, Faculty of Biology, Philipps-Universitit Marburg, Karl-von-

Frisch-Strasse 8, 35032 Marburg

Patterns of species richness depend on area, climate, or history. In Europe, lentic
(standing water) and lotic (running water) freshwater species show different patterns of
species richness. While species numbers of lotic species declines with increasing
latitude, richness of lentic species peaks in central Europe. This difference has been
suggested to be an effect of the post-glacial re-colonisation due to possible differences
in dispersal ability of these two groups. Since standing waters are generally more
ephemeral than running waters, lentic species may have evolved a greater propensity for
dispersal than lotic species which allowed for a more rapid re-colonization. Species
richness, however, increases with area and therefore in freshwater species richness
patterns may depend on the area of lentic and lotic habitats. Previous studies failed to
consider this possible confounding effect of habitat availability.

In our analysis, we used 25 pre-defined biogeographic regions of the European
freshwater fauna to analyse whether species richness of lentic and lotic species is related
to habitat availability and current climatic conditions. For each biogeographic region we
compiled data on habitat availability and climate from digitised maps [1,2,3] using GIS.
We defined habitat availability for lotic species as the summed length of all running
waters per region. For lentic habitats we used the sum of the perimeters of all standing
waters. Climatic data were averaged over the bioregion.

Availability of lentic habitats increased from southern to northern latitudes,
whereas there was no spatial pattern in the distribution of lotic habitats. Hence, species
richness was not related to habitat availability neither in lentic nor lotic species. While
species richness of lentic species was not related to climatic variables, lotic species
richness increased with mean annual temperature and mean annual precipitation, and
decreased with increasing seasonality. After controlling for the size of the bioregion,
habitat and climate explained 5 per cent of the variation of species richness in lentic
species and 40 per cent in lotic species. The geographic patterns, however, remained in
both habitat types. Therefore, habitat availaibility and climate are not sufficient to
explain richness patterns of lentic and lotic freshwater species in Europe.

[1] Environmental Science Research Institute (1993) Digital chart of the world.
http://www.maproom.psu.edu/dcw.

[2] Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G. & Jarvis, A. (2005) Very high resolution
interpolated climate surfaces for global land areas. International Journal of Climatology 25: 1965-
1978.

[3] Lehner, B. & Doll, P. (2004) Development and validation of a global database of lakes, reservoirs and
wetlands. Journal of Hydrology 296: 1-22.
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Bird population trends in the Czech Republic in the light of landscape
and climatic changes

Jiri Reif (1), Petr Vorisek (2), David Storch (1,3), Karel Stastny (4), Vladimir Bejéek (4)
(1) Charles University in Prague, Department of Ecology, Vinicna 7, 128 44 Praha 2, Czech Republic
(2) Czech Society for Ornithology, Na Bélidle 34, 150 00 Praha 5, Czech Republic
(3) Charles University in Prague, Center for Theoretical Study, Jilska 1, 110 00 Praha 1, Czech Republic
(4) Czech University of Life Sciences Prague, Department of Ecology and Environment, Kamycka 1176,
165 21 Praha 6, Czech Republic

Population trends of birds are driven by long-term modification of major
landscape components, and thus are affected by habitat preferences of different species.
At the same time, global climate change causes northward movement of species
distributions in Europe, probably as a response to shifts of climatic zones. We have
examined the effects of these two forces on bird populations using long-term trends in
abundance of 103 bird species in the Czech Republic. Population trends are based on
annual monitoring data covering time series from 1982 to 2006. The effect of landscape
modification has been tested using comparison of birds differing in theirhabitat
requirements. They were expressed as categorical variables sorting all species into four
habitat groups, and, moreover, we have quantified the association of each species to
each habitat using independent data. The effect of climate change was tested using
latitudinal distributions of particular species. We sorted each species into four groups
according to relative areas of their breeding ranges in the three European latitudinal
zones (i.e. boreal, central and mediterranean). Moreover, we calculated latitudinal
midpoint of the breeding range of each species. We performed generalized linear
modelling to explain variability in population trends by the set of habitat and climatic
variables. The latitudinal distribution was better predictor of population trends
compared to the habitat category. On the other hand, the habitat association expressed
as a continuous variable explained more variability than the latitudinal midpoint. Both
analyses showed population decline in species associated with farmland and coniferous
forest and in species distributed in higher latitudes. On the other hand, southern species
and species of deciduous forest revealed population increase. We conclude that both
climate change and landscape change are important factors influencing long-term
changes in bird abundance. Their relative effects depend on the way how particular
effects are treated, and it is therefore difficult to decide which one is more fundamental.
We can also speculate that species association with some habitats would determine its
sensitivity to the effects of climate change.
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Climate change affects Swiss bryophtes: An example to detect ongoing
processes by analysing historical data

Ariel Bergamini (1), Heike Hofmann (2), Stefan Ungricht (3)
(1) Swiss Federal Research Institute WSL, Biodiversity & Conservation Biology, Ziircherstrasse 111,
8903 Birmensdorf, ariel.bergamini@wsl.ch
(2) National Inventory of Swiss Bryophytes NISM, Institute of Systematic Botany, Zollikerstrasse 107,
8008 Ziirich, heike.hofmann@systbot.uzh.ch
(3) Swiss Federal Institute of Technology ETH, School Domain S-ENETH, Universitdtsstrasse 6, 8092
Ziirich, stefan.ungricht@erdw.ethz.ch

A relationship between recent climate warming and observed altitudinal range
shifts has been shown for a number of taxa. However, because of a general lack of
comparable data, the study of altitudinal range shifts in bryophytes has so far been
neglected.

Because of a long tradition of bryofloristic studies in Switzerland, the herbaria
contain a large amount of recent and historical bryophyte specimens. In many cases, the
labels of the herbarium specimens give detailed information on collection date and
altitude. In Switzerland there were two time periods of particularly high collecting
intensity: one at the beginning and the other at the end of the 20th century. Here, we use
this historical information from herbarium specimens to analyse altitudinal range shifts
of bryophytes in Switzerland during the last century.

We used all available records of a total of 199 species and compared the
altitudinal information for two different time periods: period 1 from 1880 to 1920 (4070
records), period 2 from 1980 to 2005 (7097 records). The records of both time periods
were distributed all over Switzerland and the relative sampling intensity in relation to
altitude was very similar for both datasets.

Changes in the mean altitude between the two time periods depend on the
ecological requirements of the species: cryophilous species showed a significant
increase in the mean altitude whereas thermophilous and intermediate species showed
no change. Furthermore, the upper altitudinal limit for most species increased, while
there was no clear pattern for the lower altitudinal limit. Nevertheless, at lower altitudes
the proportion of records of cryophilous to thermophilous species clearly decreased.

We conclude that two processes are going on, which are presumably driven by
climate warming: (1) extinction of populations of cryophilous species in lower regions;
(2) colonisation of new areas at higher elevations by both, cryophilous and
thermophilous species. We emphasize that historical data are most valuable to analyse
ongoing changes in the distribution of species. In that respect, natural history collections
in general and herbaria in particular provide a data source of inestimable value.
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Cross-scale prediction of climate and land-use change effects on
amphibian distribution

Linda Adam (1) & Carsten F. Dormann (2)
(1) Institut of Geography, University Leipzig, Briiderstrafie 14 -24, 04103 Leipzig, Germany
(2) Helmholtz Centre for Environmental Research, Department of Computational Landscape Ecology,
Permoserstr. 15, 04318 Leipzig, Germany

Climate and land-use change are likely to affect the distribution of many animals
and plants. Predicting how species distributions change at the local to regional scale is
crucial importance for adaptive conservation management. At the same time, species
distribution models that can successfully be used for large-scale (e.g. continental)
patterns fail at the local to regional scale, because large-scale drivers often do not show
enough regional variation to be incorporated in statistical models at this scale. Hence,
based on arguments put forward by Pearson et al. (2004, [1]) we analyse the distribution
of selected amphibian species at the continental (European) scale and the regional
(Saxony) in a hierarchical way (Fig. 1). We parameterise the climate niche of the target
organism at the continental scale, which provides long enough gradients in temperature
and precipitation to include the
regional-scale climatic
variability. At the regional
scale, land-use, soil and
topographic information are
included to further delimit each
species’ environmental niche.

This two-scale model is
then wused to project the
occurrence probabilities,
together ~ with  uncertainty
estimations, for the target
species to seven different land-
use and climate scenarios. To
do so, we use combine the
projections for climate change
based on the European scale
and the land-use change

proj ectlpns at the regional Figure 1: Amphibian distribution on two scales - Europe and
scale. Finally, we compare hQW Saxony (e.g. Salamandra salamandra). Dots indicate presences.
Global  Change  scenarios Shading levels in the Saxony map are model fits of the

differentially affect amphibians hierarchical model. Datasets:
of different ecological http://www.gli.cas.cz/SEH/atlas/amphibians.htm and [2].

adaptations.

© MNHN/SPN & SEH, 1997

[1] Pearson, R. G., T. P. Dawson, and C. Liu. 2004. Modelling species distributions in Britain: a
hierarchical integration of climate and land-cover data. Ecography 27, 285-298.

[2] Zophel, U., and R. Steffens. 2002. Atlas der Amphibien Sachsens. Sichsische Druck- und
Verlagshaus AG, Dresden.
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A hierarchical approach to forecasting impact of climate and land-use
changes on rare species distribution

Joana Vicente (1,2), Antoine Guisan (3), Christophe Randin (3,4), Angela Lomba(1,2)
& Jodo Honrado (1,2)
(1) CIBIO — Centro de Investiga¢do em Biodiversidade e Recursos Genéticos, Portugal
(2) Faculdade de Ciéncias da Universidade do Porto, Portugal
(3) Spatial Ecology Group, Département d’écologie et évolution, Université de Lausanne, Switzerland
(4) Institute of Arctic and Alpine Research, University of Colorado at Boulder, USA

Environmental, historical and human factors jointly contribute to shape the
geographic distribution of plants. These factors can be used as explanatory variables to
predict plant distribution within species distribution models (SDM) usually at a same
grain size and geographic extent and without specific consideration of their scale of
influence. However, factors driving the distribution of organisms are expected to act at
different scales, which is best considered in a hierarchic framework. Here, we propose a
hierarchic predictive modelling (HPM) approach. We define HPMs as SDMs using
subsets of predictors classified by their scale of influence and by the ecological context
in which they are hypothesized to operate. These hierarchic subsets of predictors can be
applied within a fixed extent and grain setting (as used here) or with multiple grains and
extents.

The HPM framework is particularly useful to assess and understand distribution
patterns of rare species of conservation importance. So far, still relatively few SDMs
have been applied to rare and endangered species, even though their predictions yield
useful insights about drivers of species range change, with possible implications for
conservation management (e.g. identification of sites with high potential for
colonization or risk of extinction). None of these studies have used SDMs in a HPM
framework.

Here we illustrate the HPM approach with models for two rare species with
contrasting distributions patterns in Northern Portugal, for which distinct subsets of
predictors were selected from a common set in the model fitting procedures. We
compare the predictive power and the geographic projections of hierarchic and non-
hierarchic SDMs, under current and future climate and land use conditions. We show
that the hierarchic approach: (i) provides more informative predictions than traditional
non-hierarchic approaches, and (ii) allows refined prediction of changes in species
distributions.
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Scaling of interactions between individuals to landscape patterns

Martin Kochy (1), Florian Jeltsch (1) & Dan Malkinson (2)
(1) University of Potsdam, Inst. of Biochemistry & Biology, Am Neuen Palais 10, 14469 Potsdam,
Germany
(2) University of Haifa, Dept. of Geography & Environmental Studies, Mount Carmel, Haifa 31905,
Israel

In scaling up, researchers must consider patchiness, interactions, non-linearities,
and processes that can be considered constant at one scale may become important at
another. A process-aware way of scaling up is to make a model of the scaling process.
Results of simulations with validated fine-grained models are condensed by applying
formal statistical analyses to quantitative or qualitative relationships with high
explanatory power and therefore, reliability. These relationships are then used as
instructions in coarser-grained models. The fine-grained simulations must cover the
range of conditions expected in the coarse-grain model, either as independent variables
or by using scenarios. The condensation may be in time, space, or other units, including
individuals or taxa, and can be repeated more than once. For example, we simulated the
performance of individual annual plants (grain size 1 cm?) in semi-arid climates to study
the effect of changes in rainfall variability. The density of the seed bank and annual
mean water availability were the most important predictors of biomass. In order to
simulate the dynamics of annual plants at the landscape scale (grain size 25 m?), we
carried out simulations for a range of classes of seed bank densities in factorial
combination with classes of mean annual precipitation (representing climate). The
simulated productivity of the vegetation and its variability were expressed as non-linear
regressions of five quantiles of productivity on mean annual precipitation for each
factorial category (Fig. 1). In the landscape model the annual vegetation was modelled
by selecting the appropriate seed bank and climate combination and a random quantile
to calculate productivity based on the annual rain volume. This integrated smaller
effects of germinability, density-dependent competition, and daily rain variability of the
fine-grained model in the coarse-grain model. In a
similar way the small-scale dynamics of dwarf
shrubs were included in the landscape model. We
added grazing by sheep and goats and fire as
landscape-scale processes. The landscape model
was validated with air photographs. For scaling up
the change of vegetation to the scale of countries,
we repeated the simulations for characteristic

wadi landscapes differing in their slope angle for landstape )
five climatic regions. Figure 1. Visualization of hierarchical scaling.

The results were also expressed as non-linear regressions of productivity on mean
annual precipitation. The equations were applied to maps of the median slope of the
landscape within 1 km?® (calculated from 90 m DEMs) and mean annual precipitation
(Fig. 1). Using this hierarchical modelling approach, we were able to produce country-
wide maps of rangeland productivity for various scenarios of climate change and land-
use scenarios.
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Regional patterns of climate change impacts on plant distribution in
Germany

Sven Pompe (1), Jan Hanspach (1), Franz Badeck (2), Wilfried Thuiller (3), Stefan Klotz(1), Ingolf Kiihn
(1)

(1) Helmholtz-Centre for Environmental Research — UFZ; Theodor-Lieser Str. 4, 06120 Halle, Germany
(2) Potsdam Institute for Climate Impact Research (PIK), P.O. Box 60 12 03, 14412 Potsdam, Germany
(3) Laboratoire d’Ecologie Alpine, UMR CNRS 5553, Université Joseph Fourier, BP 53, 38041 Grenoble
Cedex 9, France

Modelling strategies for predicting the potential impacts of climate change on
plant distribution have often focused on large scale analyses. Dealing with projected
changes, it becomes crucial to assess regional trends of climate change impacts on
species ranges. The objective of our study was to analyse changes in ecological niche
space of plant species under climate and land use change. Our projections were derived
from niche-based models using generalized linear models, generalized additive model
and random forests for 845 plant species. We built models at a coarse scale over Europe
(50km x 50km) based on climate, soil and land use predictors and projected onto a finer
resolution (ca. 11km x 12km) for Germany. Combining these three predictors improved
model performance. Modelled species richness (as number per grid cell) was more
similar to observed species numbers than patterns resulting from pure bioclimatic
model. We addressed the responses of species and plant diversity under three alternative
scenarios up to 2080. General results suggest strong effects over the next decades with
consequences for the German species pool. Projections are characterised by an
increased number of species occupying small ranges. We analysed responses of species
loss, gain and turnover with respect to eight ecozones. In particular, eastern and south-
western parts of Germany are affected by high rates of species turnover.
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Estimating biodiversity at large spatial scale: range concepts matter
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The estimation of biodiversity is a first step when assessing possible impacts of
global change on biodiversity. At large spatial scale, species richness per unit area is a
prevalent surrogate for measuring biodiversity. Species richness estimations rely on
species occurrence data. Even high-quality occurrence datasets are limited regarding
both incomplete documentation of occurrences per species and incomplete
documentation of the number of species occurring in an area. Thus, range concepts to
complement limited distribution data have to be selected to construct species geographic
ranges from species occurrence data. An overlay of these geographic ranges yields
species richness maps.

We compared the influence of different range concepts using the diverse palm
genus Bactris in the Neotropics where both revised point-to-grid data and expert range
data were available. Point-to-grid ranges were generated by merging species point
occurrences to a grid. Expert ranges were constructed considering all available
information on the respective taxon and area. Convex polygons, a technique used by the
IUCN to generate species geographic ranges for endangered species, were generated by
creating the convex hull around the point-to-grid occurrences. Modeled species ranges
were created using the MAXENT algorithm which has been shown to perform well in
cases of presence-only data and low numbers of species occurrences. Range size
frequency distributions (RSFDs), spatial autocorrelation, species richness maps and
congruency of pair-wise species richness variables were compared at spatial resolutions
varying between 1 and 5 degrees.

SFDs and species richness maps resulted in two extremes: most point-to-grid
ranges were small and the point-to-grid richness map was porous with comparably
small centers of species richness. In contrast, the convex polygon richness map
displayed coherent and large centers of species richness. Expert and modeled ranges
were ranked between those extremes. Spatial autocorrelation was lowest for point-to-
grid ranges and highest for expert ranges. When compared pair-wise, highest
congruency was found between expert ranges and convex polygons as well as between
expert and modeled ranges. Decreasing of spatial resolution of the richness maps
yielded a higher similarity between richness maps.

In summary, comparison of underlying range concepts showed far reaching
differences: Whereas point-to-grid ranges tend to under-estimate species ranges and
richness, convex polygons over-estimate, with expert and modeled ranges ranking in-
between. Modeling automatically excluded species with only few occurrences from
analysis, thus making modeled ranges the least applicable range concept to infer
biodiversity of endangered species, which are most prone to global change.
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Habitat suitability models: how suitable are they?
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Cedex 9, France

Habitat suitability models, also called niche-based models, ecological niche
models or bioclimatic envelops, have been extensively used over the last ten years to
project the likely effects of climate change on species distribution or the spread of
invasive species across natural habitats. A quick search in ISI Web of Science
(18/02/08) using “Species distribution models” OR “niche models” OR ‘“habitat
models” OR “bioclimatic models™ highlights 21,973 papers, 74% of which published in
the past 10 years.

By relating occurrence data to relevant environmental factors, those models
supposedly rely on the ecological niche concept which expresses the suitability of
habitat for a particular species (probability of occurrence). This habitat suitability has
been originally defined as any location allowing a population growth rate > 1. Although
this definition is subject to debate (e.g. source-sink relationships), it provides interesting
opportunities for test hypotheses. In this paper, we present the first empirical test of the
generality of habitat suitability models to effectively describe population processes such
as fecundity, growth and abundance. We used an extensive dataset of tree growth and
survival for more than 20 species over 16,000 plots in the French Alps. We first built
habitat suitability models using the latest developments in distribution modeling and
adequate environmental variables to predict the suitability of each species of each plot.
We then related these probabilities to measured growth, fecundity and abundances.
Given the hypothesis that environmental variables describe the conditions for growth,
fecundity and abundance, historical legacies, local conditions and disturbance are thus
expected to create a broadly triangular relationship between habitat suitability and
population processes with a positive sloping hypotenuse. Since conventional regression-
correlation analyses are inappropriate to test relationships where the variance of the
response variable changes with values of the controlling factor, other forms of analysis
are required. To quantify this, we employed non-linear quantile regression based on
least absolute value models and using data points in the 0.75, 0.85 and 0.95 quantile.

The striking results are the inappropriateness of commonly used habitat suitability
models to express population processes and question their overuse to tackle climate
change problems. HSM are nevertheless useful to discriminate presence and absence.
We conclude by proposing some alternatives and research opportunities to address this
problem.
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Can static models depict dynamic populations? A virtual experiment

Damaris Zurell (1), Florian Jeltsch (2), Carsten F. Dormann (3) & Boris Schréder (1)
(1) University of Potsdam, Institute of Geoecology; Karl-Liebknecht-Str. 24/25, 14476 Potsdam,
Germany, damaris.zurell@uni-potsdam.de
(2) University of Potsdam, Institute for Biochemistry and Biology
(3) UFZ Helmholtz Centre for Environmental Research, Department of Computational Landscape
Ecology

Species are expected to respond to climate change by distribution shifts. Reliable
predictions of such range shifts are crucial for dynamic and sustainable conservation
strategies, and are thus major challenges in ecological research. Statistical species
distribution models (SDMs) have been widely used to predict species occurrence in
space and also in time. Nevertheless, their applicability for climate change projections
remains questionable as they implicitly assume (pseudo) equilibrium, and do not
explicitly incorporate dispersal, demographic processes and biotic interactions. Here we
conducted a virtual simulation experiment to assess the accuracy of SDM projections
under climate change when species are undergoing transient dynamics, and the effects
of ecological processes on these accuracies. For this purpose, we built a spatially
explicit multi-species dynamic population model incorporating species-specific and
interspecific ecological processes, environmental stochasticity and climate change. A
virtual ecologist sampled species distribution in different scenarios. SDMs were
estimated applying different modelling methods, Generalised Linear Models (GLMs),
and Boosted Regression Trees (BRTs). Spatial and spatiotemporal predictions were
made, and prediction accuracies were then related to underlying ecological processes
and transient dynamics.

Under average climate, SDMs were transferable in space and in time. Prediction
accuracies varied depending on ecological traits and processes, but were similar for
GLMs and BRTs. Model transferability in time decreased when species shifted their
range due to climate change. However, when distinct range contractions occurred,
models yielded good prediction accuracies because species absences were predicted
well.
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Explaining geographical patterns of prediction errors

Jan Hanspach, Ingolf Kiihn, Oliver Schweiger & Stefan Klotz
Helmholtz Centre for Environmental Research, Department of Community Ecology,
Theodor-Lieser-Str. 4, 06120 Halle/Saale, Germany

The importance of predictive distribution models increased over the last years due
to an increasing demand to understand and quantify the possible effects of climate and
land use change. It is well known, that the prediction error which is inherent to suchlike
models, varies considerably between modelling algorithms and between species. Thus
prediction errors are not evenly distributed over space and, since input datasets are often
grid data, errors may depend on the characteristics of the grid cells.

We modelled the distribution of more than 1000 vascular plants in Europe using
presence/absence data from Atlas Florae Europaeae and data on recent climate (1961-
90) with generalized linear models. We derived modelled presence/absence values and
compared them with the observed species distributions. For every grid cell we
calculated the rate of false absence and false presence. We used linear models in order
to quantify the association between the resulting rates of false absence and false
presence with grid cell characteristics regarding topography, land cover, human
influence and range characteristics of the occurring species.

The prediction error increased with the heterogeneity within a grid cell
(altitudinal range, number of land cover types), range size rarity and with the frequency
that a grid cell is at a range edge. Our results may serve as an input into Bayesian
frameworks to account for spatial uncertainty a priori while modelling species
distributions.
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Response of forests to combined climate and land use changes:
examples from Switzerland and Europe

Niklaus E. Zimmermann (1), Jacqueline Gehrig-Fasel (1), Sophie Rickebusch (2), Gillian Rutherford(l),
Mario Gellrich (3),Heike Lischke(l) & Peter B. Pearman (1)
(1) Swiss Federal Research Institute WSL, Land Use Dynamics, Ziircherstr. 111, CH-8903 Birmensdorf,
Switzerland
(2) Université J. Fourier, Laboratoire d'Ecologie Alpine, F-38041 Grenoble Cedex 9, France
(3) Swiss Federal Institute of Technology ETHZ, Terrestrial Ecosystems, CH-8092 Ziirich

The distribution of trees in Europe may undergo significant changes over the next
decades and centuries in response to ongoing climate and land use change. Generally,
species are expected to migrate to higher elevations, and in many areas, more drought
tolerant species may establish as a function of a forecasted decrease in summer
precipitation. Yet the re-adjustment of trees and forests to the forecasted changes may
be lagged considerably compared to the changes in climate. On the one hand, the
migration of long-lived species such as trees is a slow process. On the other hand, the
control of humans on land and its use represents a second obstacle for rapid re-
adjustment of the tree distribution to climate change. On top, land use is currently
changing as well, partly at a rapid pace. Demonstrating the combined effects of
changing land use and climate upon trees is the goal of the presentation, illustrated with
results from Europe and Switzerland.

First, we demonstrate how the potential distribution of individual trees is expected
to shift in space and along altitudinal gradients, to what degree future ranges are
overlapping with current ranges, and to what degree ranges are likely to expand or
shrink in response to IPCC scenarios. Results indicate, that some species will barely
have overlap between future and current ranges under extreme scenarios, and that some
ranges are expected to shrink considerably (e.g. Fagus sylvatica and Picea abies). At
the same time, land use is changing fast with a rapid conversion of open land into both
urban and forest classes. Results show that open land abandonment and conversion to
forests totals e.g. to 16 ha daily in Switzerland. Thus, the forest matrix is undergoing
additional changes, and this may facilitates the re-adjustment to climate change locally.
As a result, the treeline is moving upwards at a slow pace in the European Alps.

Second, we demonstrate how both climate and land use change interact. Our
analyses demonstrate that most of the observed upward shifts are likely due to land use
change, outweighing the response to climate change. The latter is visible, but only at a
very slow pace of few meters annually. This is by far slower than the recent change in
the potential treeline, which has reached more then 200m in elevation over the last two
decades. Dynamic simulation runs of the spatially explicit TREEMIG model that include
both climate and land use change as scenarios confirm these observations. Our results
indicate that land use exerts a strong control over the spatial dynamics, and that both
with and without land use change, forests are expected to lag significantly behind their
potential range shifts. This result was obtained both under extreme and under moderate
climate change scenarios.
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From ecosystems to species

Thomas Hickler (1), Katrin Vohland (2), Benjamin Smith (1) & Martin T. Sykes (1)
(1) Department of Physical Geography and Ecosystems Analysis, Geobiosphere Science Centre, Lund
University, Solvegatan 12, S-223 62 Lund, Sweden
(2) Potsdam Institute for Climate Impact Research, Telegraphenberg A 62, D-14473 Potsdam, Germany

Empirical models for projecting species distributions and biodiversity have been
heavily criticized and more mechanistic, process-based approaches have been
advocated. We suggest that the ecological data for parameterizing large numbers of
species will not be available in the near future and present a different approach for using
process-based models to improve projections of climate change impacts on species.
With two example studies, we show how the ecosystem structure predicted by a detailed
process-based vegetation/ecosystem model can be translated into information on habitat
type and quality, with implications for all species.

In the first study, we used a dynamic vegetation model (LPJ-GUESS),
parameterized for widely distributed tree species and plant functional types, to simulate
transient changes in the potential natural vegetation across Europe until 2100 under four
climate change scenarios. The model projected considerable shifts in vegetation types in
most areas across Europe: 19 — 42% of the total area of Europe and similar fractions of
the area protected by the Natura 2000 network might be covered by a different
vegetation type by the end of the century. Long-term equilibrium changes are
considerably larger. Hotspots of change are, for example, arctic and alpine ecosystems,
where trees replace the original herbaceous or shrub vegetation, and the transition zone
between temperate broad-leaved and boreal conifer forest. In southern Europe, the
projections indicate that large-scale forest dieback might occur as a result of drought. In
areas with large vegetation changes, it will be necessary to redefine current management
and conservation aims and nearly all species will be affected. When the habitat
preferences of individual species in relation to vegetation types are known, the
simulated vegetation types can also be used as an additional variable constraining
species distributions in species distribution models.

In the second study, we compared different methods for estimating water
availability in species distribution models with the soil water content predicted by LPJ-
GUESS, which accounts for changes in vegetation structure and functioning including
potential effects of increasing CO,. All water proxies show similar patterns of water
availability across Europe for current climate, but when projected into the future, the
changes in the simpler water availability measures typically used in species distribution
models show no correlation with those projected by the more complex ecosystem
model. We conclude that results from envelope model studies concerning future
changes in species range shifts should be interpreted with caution and that more
process-based representations of the water balance of terrestrial ecosystems should be
considered within these models.Further aspects of habitat quality with relevance for
most species could be extracted from process-based vegetation or ecosystem models.
Simulated levels of disturbance, for example, might influence how vulnerable
ecosystems are to invasions. Parameterizing process-based models for large numbers of
species, however, is not realistic. We suggest that a functional type approach, as
commonly used in generalized vegetation models, might be a more promising approach.
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Combining field data and mechanistic modelling to explain community
functioning of neotropical small mammals

Tamara Miinkemiiller (1), Renata Pardini (2), Bjérn Reineking (3), Thomas Miiller (4), Karin Johst (1)
(1) Helmholtz Centre for Environmental Research — UFZ, Department of Ecological Modelling,
Permoserstr. 15, 04301 Leipzig, Germany and ETH Zurich, Switzerland
(2) University of Sao Paulo, Institute of Bioscience, Department of Zoology, Rua Matao Travessa 14,101,
05508900 Brazil
(3) University of Bayreuth, Institute of Biogeographical Modelling
(4) Smithonian National Zoological Park and University of Maryland, College Park, MD 20742, USA

There is an increasing recognition that interspecific interactions play a key role in
determining the response of species’ communities to anthropogenic landscape
fragmentation. Interactions of species competing for similar limiting resources can
operate via neutral and niche-based processes to promote coexistence. Here, we
investigated the relevance of these two broad classes of coexistence processes for the
functioning of a small mammal community in the remnants of the Brazilian Atlantic
rainforest.

Considering interspecific interactions, disturbances and dispersal, we built a
mechanistic simulation model to calculate population dynamics of the eighteen most
abundant species in the community (Fig. 1). We estimated lower-level process
parameters in the model using large scale field data and recent advances in Bayesian
statistics. Parameter estimates highlighted the importance of interspecific interactions
for the small mammal community dynamics. Niche-based processes dominated
interactions of species using different levels of vertical forest structure whereas neutral
processes dominated interactions of species sharing a common level of vertical
stratification. The analyses of the diversity patterns on local and regional scales
supported this finding. Based on this increased understanding of community dynamics
we were able to investigate broad-scale and long-term effects of the current
fragmentation pattern and found that it implies a future increase in heterogeneity of
biodiversity for the small mammal community.

We suggest the here presented combined approach of Bayesian statistics and
mechanistic modeling as a convenient framework for determining interspecific
interaction strengths and thus for differentiating between neutral versus niche-based
mechanisms of coexistence.
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Figure 1: Schematic overview of the model, showing observed abundances from
field data in the upper data stage, variables derived during simulations in the latent
variables stage and unknowns with assigned prior distributions in the parameters
stage.
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Forecasting species range shifts: a Hierarchical Bayesian framework
for estimating process-based models of range dynamics

Jorn Pagel & Frank Schurr
University of Potsdam, Plant Ecology and Nature Conservation; Maulbeeralle 2, 14469 Potsdam,
Germany

Shifts of species ranges have been widely observed as ‘fingerprints’ of climate
change and more drastic shifts are expected in the coming decades. Current studies
projecting range shifts in response to climate change are predominantly based on
phenomenological models of potential climate space (climate envelope models). These
models assume that species distributions are at equilibrium with climate, both at present
and in the future. A more reliable projection of range dynamics under environmental
change requires process-based models that can be fitted to distribution data and that
permit a more comprehensive assessment of forecast uncertainties [1]. To achieve this
goal, we develop a Hierarchical Bayesian framework [2] that utilizes models of local
population dynamics and regional dispersal to link data on species distribution and
abundance to explanatory environmental variables.

In a simulation study we investigate the performance of this approach in relation
to the biological characteristics of the target species and the quantity and quality of
available biological information. To this end, we generate dynamics of 'virtual species'
(a grid-based ecological simulation model), which a ‘virtual ecologist’ observes using
different sampling designs. This virtual ecologist then applies Markov chain Monte
Carlo techniques to sample from the full posterior distribution of the model parameters
to forecast the future geographical distributions and abundances of the species under
prescribed climatic changes. We assess the quality of these forecasts for a range of
scenarios varying in both the ecological dynamics and the data used for model
estimation. This allows us to identify the potential application range of the presented
method and to formulate specific demands for the monitoring of biodiversity responses
to environmental change.

[1] Araujo, M. B., and A. Guisan. 2006. Five (or so) challenges for species distribution modelling.
Journal of Biogeography 33:1677-1688.

[2] Clark, J. S., and A. E. Gelfand. 2006. A future for models and data in environmental science. Trends
in Ecology & Evolution 21:375-380
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The role of speciation, extinction and migration in a process-based
modeling approach of plant diversity

Kristin Bohn & Axel Kleidon

Evolutionary and historical processes play an important role in understanding how
patterns of species diversity change through time [1]. Since the physical environment is
a major driver that shapes the growing conditions of plants, changes in climatic
conditions force species to adapt to these and thus alters species composition and
biodiversity patterns. This happens on longer time scales by processes such as
extinction, speciation and migration.

Here we present a process-based dynamic model adapted from the individual global
plant diversity model of Kleidon and Mooney 2000 [2], in order to investigate the
influence of extinction, speciation and migration of functional plant species on global
diversity patterns. The approach of Kleidon & Mooney models global functional
diversity by relating physiological processes of functional plants to climatic constraints
in a process-based model. The actual model development includes extensions such as
considering populations of species instead of individuals, competition for space,
extinction, speciation and migration. Since competition results in extinction
(competitive exclusion principle), speciation is included to built up new species which
will spread out by migration in the model. The rank-size and distribution of a species in
the model results from the dynamics of interspecific competition, seed production and
dispersal.

The model incorporates extinction, migration and speciation in order to understand how
vegetation modifies in changing environments and how diversity patterns will be
affected. Here we firstly present the model and will compare the resulting evenness of
diversity with the former approach of Kleidon & Mooney.

References:

[1] Gary G. Mittelbach et al. (2007): Evolution and the latitudinal diversity gradient: speciation,
extinction and biogeography. Ecology Letters, 10, pp. 315-331

[2] A. Kleidon & H. Mooney (2000): A global distribution of biodiversity derived from climatic
constraints: results from a process-based modelling study. Global Change Biology, 6, pp. 507-523
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Natural history data for species distribution modelling: the effects of
georeferencing error on model success

Heather Cole and Ariel Bergamini
Swiss Federal Research Institute WSL, Biodiversity & Conservation Biology, Ziircherstrasse 111, CH-
8903 Birmensdorf, Switzerland
corresponding author: heather.cole@wsl.ch

Species distribution modelling (SDM) is becoming an increasingly important tool
for a variety of purposes. In addition to predicting the potential distribution of species,
they are being used to investigate centers of biodiversity, the spread of invasive species,
and to predict the effects of climate change on distributions.

Natural history data can be an important data source for SDM, however, with
older records this type of data often lacks precise locational information. With the
extensive number of natural history records available for the flora of Switzerland, it is
essential to determine their value for SDM; to use these data for modelling we have to
know what the effects of georeferencing error are on model success. If a certain level of
error can be identified as having significant or insignificant effects on the performance
of a species distribution model, then the appropriate records can be included (or
excluded) from future species modelling endeavours.

To investigate the effects of georeferencing error on model success, several levels
of error will be artificially added to existing, precisely located systematic presence-
absence (PA) data. We use PA data, because they allow us to start with ecologically and
spatially unbiased data. Effects of error on model success may also depend on
topographical characteristics of the distribution region (Alps vs. lowlands), on the
species group (bryophytes; epiphytic lichens; fungi; non-woody vascular plants), on
niche widths of the considered species (specialist vs. generalist), and on the modelling
techniques used (e.g. maximum entropy vs. generalized linear model). The results of
these factors on model success will be investigated.

Here we present the first results of this research.
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Predictive performance of species distribution models depends on
species traits

Jan Hanspach., Ingolf Kiihn, Sven Pompe & Stefan Klotz
Helmholtz Centre for Environmental Research, Department of Community Ecology,
Theodor-Lieser-Str. 4, 06120 Halle/Saale, Germany

Predictive species distribution models are standard tools in ecological research.
Within recent years such models have been frequently used to estimate possible effects
of climate change on species ranges; however uncertainty is inevitable when making
temporal or spatial predictions. Prediction errors depend not only on data quality and
modelling algorithm, but also on species characteristics, which have been rarely
addressed so far.

Here we applied a standard distribution modelling technique (generalized linear
models) based on widely used species distribution data (Atlas Florae Europaeae) and
climatic parameters. AUC and Kappa as measures of predictive performance were
calculated using cross-validation and subsequently correlated with plant species traits
from the BiolFlor database. We accounted for the influence of phylogenetic dependence
among the species. Species occurring in human disturbed habitats, annuals and plants
with the strategy type stress tolerator-ruderal were poorly predicted. Predictions of
suchlike species may be less reliable and interpretation demands special care.
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Neophytes and climate — adaptation and propagation of Lunularia

Dominik Katterfeldt, Martin Nebel
Staatliches Museum fiir Naturkunde — Abteilung Botanik, Rosenstein 1, 70191 Stuttgart, Germany

Neophytes can be studied efficiently when they are expanding their area and begin
to colonize new habitats thus possibly influencing the environment. Bryophytes are well
tested indicators for environmental changes. In this study we investigate the behaviour
of Lunularia cruciata, one of the few bryophytic neophytes in the mid-european flora.

Lunularia cruciata belongs to the complex thalloid liverworts. Liverworts are the
first plants on land, as is suggested by molecular and phylogenetic studies. Airpores on
the surface and airchambers underneath are functionally convergent to stomata of higher
plants. Another characteristic feature are the halfmoon shaped gemma cups which stand
for an elaborate dispersal strategy. Originally growing in the Mediterranean and oceanic
region, Lunularia cruciata is quite frost-sensitive. In Germany it is to be found mostly
along rivers, especially following waste water treatment plants, which supply nutrients
for the nitrophilous plant.

First only known impermanently outside greenhouses since 1827, this rather
easily recognizable species was rather unattended for a long time. But now it has been
spreading since almost 30 years outdoors now, with an increasing rate biased towards
today. Just recently male plants have appeared as well which is curious since usually
only sterile plants occur at the edges of the area.

Our hypotheses are that

1) Lunularia is becoming more frostresistent by adapting genetically

2) Lunularia is expanding its habitat from former convenient micro-climates
to new habitats due to climate change.

This refers to abundance as well as altitude. Based on an analysis of the past we
are developing a statistical model to project the distribution of Lunularia into the Future.
This study shall incorporate the species’ occurrences, interpolated climate data sets,
derived bioclimatic variables and yet to be chosen data (i.g. nitrogen deposition).

We consider conveying a population study on genetic level in addition to our
findings.
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Potential impacts of climate change on the distributions and diversity
patterns of European mammals

Irina Levinsky (1), Flemming Skov (2), Jens-Christian Svenning (3) & Carsten Rahbek (1)
(1) Department of Biology, University of Copenhagen, Copenhagen, Denmark
(2) Department of Wildlife Ecology and Biodiversity, National Environmental Research Institute,
University of Aarhus, Denmark
(3) Department of Biological Sciences, University of Aarhus, Denmark

The Intergovernmental Panel on Climate Change (IPCC) predicts an increase in
global temperatures of between 1.4°C and 5.8°C during the 21% century, as a result of
elevated CO; levels.

Using bioclimatic envelope models, we evaluate the potential impact of these
climatic changes on the distributions and species richness of 111 native terrestrial
nonvolant European mammals under two of IPCC’s future climatic scenarios. Assuming
unlimited and no migration, respectively, our model predicts that 1% or 5-9% of
European mammals risk extinction, while 32-46% or 70-78% may be severely
threatened (lose > 30% of their current distribution) under the two scenarios. Under the
no migration assumption endemic species are predicted to be strongly negatively
affected by future climatic changes, while widely distributed species would be more
mildly affected. Finally, potential mammalian species richness is predicted to become
dramatically reduced in the Mediterranean region but increase towards the northeast and
for higher elevations.

Bioclimatic envelope models do not account for non-climatic factors such as land-
use, biotic interactions, human interference, dispersal or history, and our results should
therefore be seen as first approximations of the potential magnitude of future climatic
changes. Nonetheless, this study emphasises the potential severity of the impact of
climate change on European mammals, especially for the endemic species, which
should be taken into account in conservation planning.
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Vascular Plant species richness of neophytes, archaeophytes and native
taxa on the landscape scale in Switzerland — what’s the difference?

Michael P. Nobis (1), Hiltrud Brose (1) & Stefan Birrer (2)
(1) Swiss Federal Research Institute WSL, Ziircherstrasse 111, 8903 Birmensdorf, Switzerland
(2) BDM Coordination Office, c/o Hintermann & Weber AG, Austrasse 2a, 4153 Reinach, Switzerland

In Europe, in addition to differentiating between native and non-native plant
species the latter are usually further classified into archaeophytes and neophytes,
depending on the date of their arrival before or after the discovery of America.
Neophytes and archaeophytes are often treated as separated groups and by many, they
are considered to have quite different perceived values and functions in ecosystems.

Here we compare patterns of vascular plant species richness for neophytes,
archaeophytes and native taxa on a landscape scale in Switzerland using data from the
Swiss Biodiversity Monitoring (BDM; www.biodiversitymonitoring.ch; systematic
samples of transect data per 1 km2, N = 486 square kilometres).

Generalized linear models (GLM) were used to correlate species richness with a
set of variables including topography, climate, geology, bodies of water and land cover.
Of these we found elevation, forest cover and urban land use to be the most important
ones to predict species richness of non-natives. Species-richness maps of Switzerland
were predicted for all three groups using the GLMs found.

Both, the modelling results and univariate plots show, that along an elevational
gradient, neophytes and archaeophytes are most species rich in the lowland.
Archaeophytes are more speciose than neophytes in all elevations and diminish more
slowly towards higher elevations. In contrast, native species richness is highest in
middle elevations. Along a gradient of increasing urban land use, native species
richness decreases, whereas species numbers of both neophytes and archaeophytes
increase. In contrast, along a gradient of increasing forest cover species richness of non-
natives decreases, while natives become more speciose.

Despite their different histories and perceived values neophytes and archaeophytes
show quite similar species richness patterns, which are significantly different to native
species. As the distributions of neophytes spread and with changing land use and
climate, the similarities between neophytes and archaeophytes support the idea that their
patterns of species richness may also coincide in the future
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Exploring patterns of functional diversity in African termites

Ordonez, A.
Community and Conservation Ecology Group, University of
Groningen, Groningen, The Netherlands.

Termites can be considered in general a tropical taxon, their occurrence extending
from subtropical to tropical latitudes. In these regions they play a major role as
ecosystem engineers, by modifying the interactions between plants, animals and
microbial components of the soil biota and by changing the physical properties of soils
(e.g. structural heterogeneity, stability, distribution of organic matter, water infiltration
and retention). The pattern of termite diversity in the tropics is characterized by a
decrease in diversity from the equator towards the poles. This decrease takes place at a
slower pace at more southern latitudes. However, no studies have yet assessed whether
a similar pattern is present for the distribution of the different functional types (i.e.
feeding guilds). The aim of this work was to determine the main factors that shape the
distribution of the termites’ functional types (e.g. wood - litter, live grass, soil and dung
feeders) and assess the hot spots of functional diversity of termites in the African
continent. Our results showed that extreme environmental events related to precipitation
and temperature are the main divers shaping species distributions, and therefore
biological and functional diversity. In particular, we found the closed canopy tropical
forests in the Ethiopian region, followed by the tropical savannas in the Riff valley to be
the functional and biological diversity hotspots in continental Africa.
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Changes in a regional flora over 100 years: methodological problems

Sylvie Pechackova & Jaroslava Nesvadbova,
West-Bohemian Museum, Kopeckého sady 2, 301 00 Pilsen, Czech Republic

Long-term changes in flora composition and structure reflect changes in the
environment, especially climate and landscape use. One possible way to assess such
shifts is historical ecology, linking historical and recent data.

A reliable and extensive regional flora was published by FrantiSek Maloch in
1913. Complete list of plants found in 1896—1913 in surroundings of Pilsen (regional
centre of West Bohemia, Czech Republic) was presented in 316 pages, including plant
localities, habitats and abundance. A large herbarium collection complements this data
set.

Ongoing floristic survey of the same region aims to the comparison of recent and
historical data sets to answer following questions:

1/ how the species composition of flora has changed over 100 years?

2/ how the natural and semi-natural habitats have changed?

These seemingly simple questions contain complicated relationships. Do
individual species occur in analogous habitats recently and in the past? Which species
of which plant communities are able to adapt to changing conditions?

Preliminary results show decline or extinction of some common species of open
and nutrient-poor stands (e.g. Corynephorus canescens, Helichrysum arenarium). On
the other hand, some rare species are found after 100 years with almost the same
frequency. Changes in species diversity obviously depend on the extent of the pressure
on the habitat. As some types of habitats are disappearing, we concentrated on 1/
analysis of overall species distribution in the region, 2/ analysis of pine-forests, which
are the most stable type of habitat in the region, and 3/ analysis of heathlands, formerly
common and now threatened with extinction.

Many methodological problems arose:

1/ different historical and recent nomenclature of plant species

2/ historical names of localities, nowadays not used

3/ imprecise localization of historical sampling sites

4/ many localities destroyed or habitats changed

We discuss these problems connected with exploration of historical botanical data
sets. How to separate influences of the climatic shifts from the land-use changes on the
plants seems to be the major question. We want to contribute to the general discussion
on what the historical ecology can offer.
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Germination and early growth of Pinus sylvestris under different
climate scenarios

Sarah Richter V", Barbara Moser "V, Jaboury Ghazoul (¥ & Tom Wohlgemuth (*
) Swiss Federal Institute of Forest, Snow and Landscape Research WSL, Ziircherstrasse 111,
8903 Birmensdorf/Ziirich, Switzerland
? ETH Ziirich, Institute of Terrestrial Ecosystems, Ecosystem Management, Universitaetsstrasse 16,
8092 Ziirich, Switzerland

Throughout the last two decades, high mortality of Scots pine (P. sylvestris L.)
has been observed in the upper Rhone valley (Valais), one of the warmest and driest
regions in Switzerland. Furthermore field studies show sparse tree establishment after a
forest fire in the same region in 2003. Both findings indicate that under climate change
Scots pine forests in this region might not be persistent in the long term.

Potential stress factors, directly or indirectly limiting tree vitality, include e.g.
climatic conditions, pathogens, insects and competition. However, climate is considered
to act as the main driving force. Higher mean temperatures and longer drought periods
during summer (as predicted by most climate change models) may aggravate conditions
for forest growth. On the other hand, warmer spring temperatures can cause early soil
warming, extending the vegetation period and thus having a positive effect on tree
growth and survival.

Although changing climate conditions affect all life stages of a tree, its most
vulnerable life stage is recruitment. In order to test how early stages, i.e. seed
germination and early seedling growth, of P. sylvestris L. are influenced by climatic
conditions, we designed a common garden experiment, located at the bottom of the
upper Rhone valley. The experimental set-up consists of 5 blocks (replicates) containing
factorial combinations of 3 soil heating levels and 3 precipitation levels (9 treatments).
Automatically operated shelters intercept natural rainfall, and different precipitation
levels are simulated by manual irrigation. Soil heating cables 2 cm below ground
increase soil temperature by 0 K, 2.5 K and 5 K, respectively. Germination and early
seedling growth of two pine species (P. sylvestris, P. nigra) from different provenances
(Valais, Switzerland; Sierra Nevada, Spain) are monitored for two years.

Figures 1 & 2: Experimental set-up. Automatic rainshelters cover seed/seedling beds during rainfall (left).
Heating cables increase actual soil temperatures by 0 K, 2.5 K and 5 K, respectively (right).
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Islands are Particularly Vulnerable to Sea-Level Rise from Climate
Change

Florian T. Wetzel , Helmut Beissmann and Dustin J. Penn
'Konrad Lorenz Institute for Ethology, Austrian Academy of Sciences, Savoyenstrasse la, A-1160 Vienna,
Austria

Sea-level rise due to climate change will impact the coasts of some regions more
than others, and small islands and deltas are expected to be particularly vulnerable to
inundation and erosion [1]. To examine this prediction, we assessed the relative
vulnerability of continental Africa versus nearby islands (1,935 islands with total area of
33,970 km?) to loss of area, fragmentation, and loss of protected areas, and we found the
following: (1) Islands are extremely vulnerable to climate change, and more than the
continent (e.g., they will lose 35-45 x more of total area, and depending on the possible
sea-level rise, 7-32% of the island area will be lost). (2) The main factors that predict
vulnerability from inundation are small island area, low mean elevation, and high
variance in elevation. (3) Protected areas on coasts provide a good indicator for
ecologically sensitive zones of the ecosystem, and there is a high potential loss for
nationally protected areas (16-56% of protected coastal areas) and even a higher loss for
international protected areas (25-84% of protected coastal areas) on islands. Our
findings provide strong support for suggestions that islands are likely to incur
particularly significant impacts from climate change.

[11IPCC, 2007: Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working
Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, M.L.
Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson (Eds.), Cambridge
University Press, Cambridge, UK, 976pp.
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Phosphorus limitation as a mechanism for species loss in N polluted
ecosystems: from grasslands to globe

Gareth K Phoenix
Department of Animal and Plant Sciences, University of Sheffield, Western Bank, Sheffield, UK

The role of P in mediating the impacts of atmospheric N deposition on plant
biodiversity may be particularly important in ecosystems where productivity is limited
by P rather than N. Further, such a role for P is likely to become increasing important
where long-term N deposition leads to N saturation and greater P limitation in
ecosystems. In UK calcareous grasslands which are P limited, understanding what
regulates species change is particularly important since these grasslands represent some
of the UK’s most floristically rich ecosystems and have considerable conservation and
amenity value. This importance of P supply in regulating N deposition impacts may
also apply at the global scale, where future projections of global N deposition predict
many of the major increases in deposition rates will occur in regions where P limitation
of ecosystems may be more prevalent.

Here, data is presented from long-term (>15 years) experiments that simulate
increased N deposition on P-limited calcareous grassland in the UK (Peak District
National Park) that have allowed insight into the effects of N deposition on availability
of P to plants and the mechanisms by which such effects occur. In these systems,
increased atmospheric N deposition can reduce the plant available soil P pool and may
therefore exacerbate P limitation to plants. This reduction in P supply may also be
exacerbated by reductions in mycorrhizal functioning seen in some plants under
increased N loads. Increases in P limitation is seen further in the greater activity of root
surface phosphatase enzymes in calcareous grassland plants under increased N
deposition and greater soil phosphatase activities - indicating the increased P demand of
plants and microbes in the system.

Plant tolerance of increasing P limitation may be one mechanism that regulates
species change in P limited calcareous grassland. Furthermore, where such ecosystems
have undergone reduced P availability and increased P stress resulting from N
deposition, recovery of the system (including floristic diversity) may require recovery
of P availability and a return of normal (unpolluted) ratios of available N:P in the soil.
These issues are discussed along with possible implications for floristic biodiversity at
the global scale as global N emissions continue to rise.

195



Session 1.8 Oral Presentations
Nitrogen enrichment in terrestrial ecosystems

Biodiversity of European grasslands — gradient studies to investigate
impacts of atmospheric nitrogen deposition on grasslands

Carly Stevens (1,2), David Gowing (1), Nancy Dise (2)
(1) Department of Biological Sciences, The Open University, Walton Hall, Milton Keynes, MK7 64AA, UK
(2) Department of Environmental & Geographical Sciences Manchester Metropolitan University John
Dalton Building Chester Street, Manchester M1 5GD, UK

Experiments have suggested that reactive nitrogen deposition may reduce species
richness. However, until recently there was no clear evidence that widespread
biodiversity reduction caused by regional air pollution was actually occurring. An
extensive field survey across the UK gradient of atmospheric nitrogen deposition
showed a dramatic decline in species richness of acid grasslands with increasing
atmospheric nitrogen deposition [1, 2]. Changes in soil chemistry were also observed
[3]. Combining the results of the gradient study with experimental manipulations
allowed us to estimate the timescale of the observed change in species richness.

The BEGIN project (Biodiversity of European Grasslands — the Impact of
Atmospheric Nitrogen Deposition) is a collaborative project between The Open
University (UK), Manchester Metropolitan University (UK), Bordeaux University
(France), Utrecht University (The Netherlands) and The University of Bremen
(Germany). It builds on the results collected in the UK survey and previous
experimental work to further investigate these changes. In addition to the 68 acid
grasslands already surveyed in the UK, the BEGIN project surveyed 80 acid grassland
sites throughout the Atlantic biogeographic region of Europe. At each site data were
collected on species composition, soil chemistry and plant tissue chemistry.

Initial results of the BEGIN project will be presented, demonstrating declines in
acid grassland species richness and changes in composition across the Atlantic
Biogeographic zone of Europe, expanding the range of N deposition to levels both
above and below that found in the UK. We will also report initial findings for changes
in soil chemistry along this N deposition gradient.

[1] Stevens et al. 2004 Impact of nitrogen deposition on the species richness of grasslands. Sceince, 303,
1876-1879.

[2] Stevens et al. 2006 Loss of forb diversity in relation to nitrogen deposition in the UK: regional trends
and potential controls. Global Change biology, 12, 1823-1833.

[3] Stevens et al. Regional trends in soil acidification and extractable metals related to present acid
deposition rates. Submitted to Environmental Pollution.
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Differential effects of oxidised and reduced nitrogen deposition on
European grasslands

Edu Dorland (1) and Roland Bobbink (1,2)
(1) Landscape Ecology, Faculty of Science, Utrecht University, The Netherlands
(2) B-WARE Research Centre, Radboud University Nijmegen, The Netherlands

The negative effects of enhanced atmospheric nitrogen (N) deposition on the
structure and function of ecosystems are generally appreciated (e.g. [1], [2]). However,
the distinction between N forms within deposition, reduced versus oxidised N, has
received little research attention. This differentiation is highly important, as the effects
of reduced and oxidised N on vegetation and soil processes can be markedly different.
Implementation of national and international policies aiming to reduce N emission has
been partly successful. As a result of these measures, the emission of oxidised N
decreased in many European countries. However, the emission of reduced N has
decreased to a lesser extent or even increased, resulting in increased deposition ratios of
reduced versus oxidised N. Evidence is accumulating that increased concentrations of
soil ammonium are already causing declines in the abundance of several plant species of
conservational importance [3]. Therefore, a better understanding of the differential
impacts of reduced versus oxidised N deposition is urgently needed.

The current paper will present results of two N-addition studies with differential
treatments of reduced and oxidised N. The first study has been carried out in a diverse
rich fen in Ireland and investigated the long-term effects of the addition of reduced
and/or oxidised N on species composition and biomass production of bryophytes and
higher plants.

Also, some preliminary results of the N-addition experiments carried out within
the ESF-funded BEGIN-project will be presented. Acidic grasslands in Norway, Wales
and France have been subjected to three levels of N addition, the highest of which also
in either reduced or oxidised form. The aim of this study is to investigate the
mechanisms of plant diversity reduction due to N enrichment. In addition, the
importance of the N form and the possible mitigation effects with more frequent
biomass removal via cutting will be quantified.

[1] Stevens, C.J., Dise, N.B., Mountford, J.O. and Gowing, D.G., 2004. Impact of nitrogen deposition on
the species richness of grasslands. Science, 303, 1876-1879

[2] Bobbink, R., Hornung, M. & Roelofs, J.G.M. (1998). Essay review: The effects of airborne nitrogen
pollutants on species diversity in natural and semi-natural vegetation. Journal of Ecology 86, 717-738.

[3] Kleijn, D., Bekker, R.M., Bobbink, R., De Graaf, M.C.C. & Roelofs, J.G.M. 2008. In search for key
biogeochemical factors affecting plant species persistence in heathlands and acidic grasslands: a
comparison of common and rare species. Journal of Applied Ecology 45 (2): 680-687.

197



Session 1.8 Oral Presentations
Nitrogen enrichment in terrestrial ecosystems

Effects of nitrogen deposition on species richness and composition in
acidic grasslands. A historical comparison.

Cecilia Dupre & Martin Diekmann
University of Bremen, Institute of Ecology and Evolutionary Biology, FB2; Leobener Str., NW2, 28359
Bremen, Germany

Nitrogen deposition has become a large issue of concern in environmental science
and policy. The effects of nitrogen deposition on plant species richness and composition
have been studied mainly by means of controlled experiments, but hardly been observed
directly in the field.

To do this there are two basic approaches: spatial comparisons of the vegetation
along deposition gradients, and time series or historical analyses. Here we apply the
latter method, comparing old and new plots from many different sites sampled over a
long time period. The disadvantage of not using permanent plot data (from a few sites
only) is compensated for by the large number of plots available for the analysis.

In our study we focus on semi-natural acidic grasslands conforming to the
community type Violion caninae. In total 1.114 sample plots were compiled, spanning a
period of more than 70 years from 1936 to 2007, and sites in five European countries:
Great Britain, The Netherlands, Germany, Denmark and Sweden. Environmental plot
information included: geographical location (longitude, latitude, and altitude),
surrogates for soil (climatic) data based on the mean Ellenberg species indicator values
(for moisture, pH, light), plot size, and, for the first time, an estimate of the value of
total accumulated nitrogen deposition over time, calculated for the different sites based
on present-day modelling data. Multivariate and multiple regression analyses were
conducted for data sub-sets from Germany, Great Britain, and the Netherlands.

Results of the ordination show a clear separation of plots sampled during different
decades, reflecting directional temporal changes in plant species composition. The
sample plot scores were also strongly related to gradients in soil pH and nitrogen. The
regressions of environmental parameters on species richness revealed, among others,
that the number of vascular plants increased with increasing soil pH and decreased with
increasing accumulated nitrogen deposition. This decline in species richness was
attributed to a decrease in the number forbs, while grasses did not generally decrease in
number (and, hence, increased in proportion to other life forms).
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Nitrogen enrichment modifies plant community structure via changes
to plant-soil feedback

Manning, P (1), Morrison, S.A (2), Bonkowski, M (3) & Bardgett, R.D (4).
(1) N atural Environment Research Council Centre for Population Biology, Department of Biological
Sciences, Imperial College London, Silwood Park Campus, Ascot, SL5 7PY, UK
(2) Faculty of Life Sciences, University of Manchester, Oxford Road, Manchester, M13 9PT. UK
(3) Institute of Zoology, University of Cologne, Weyertal 119, D- 50931 Koln, Germany
(4) Institute of Environmental and Natural Sciences, Soil and Ecosystem Ecology Laboratory, Lancaster
University, Lancaster, LAl 4YQ, UK

We tested the hypothesis that nitrogen (N) enrichment modifies plant-soil
feedback relationships, resulting in changes to plant community composition. This was
done in a two phase glasshouse experiment. In the first phase, we grew eight annual
plant species in monoculture at two levels of N addition. Plants were harvested at
senescence and the effect of each species on a range of soil properties was measured. In
the second phase, the eight plant species were grown in multi-species mixtures in the
eight soils conditioned by the species in the first phase, at both levels of N addition. At
senescence, species performance was measured as aboveground biomass.

We found that in the first phase, plant species identity strongly influenced several
soil properties, including microbial and protist biomass, soil moisture content and the
availability of several soil nutrients. Species effects on the soil were mostly independent
of N addition and several were strongly correlated with plant biomass. In the second
phase, both the performance of individual species and overall community structure were
influenced by the interacting effects of the species identity of the previous soil occupant
and the rate of N addition. This indicates that N enrichment modified plant-soil
feedback. The performance of two species correlated with differences in soil N
availability that were generated by the species formerly occupying the soil. However,
negative feedback (poorer performance on the soil of conspecifics relative to that of
heterospecifics) was only observed for one species.

In conclusion, we provide evidence that N enrichment modifies plant-soil
feedback relationships and that these modifications may affect plant community
composition. Field testing and further investigations into which mechanisms dominate
feedback are required before we fully understand how and when feedback processes
determine plant community responses to N enrichment.
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Consequences of the experimental nitrogen enrichment to an alpine
grassland ecosystem

Lubos Halada (1), Wiliam D. Bowman (2), Jana Sedlakova (1), Stanislav David (1), Andrej Halabuk (1),
Peter Gajdos (1), Juraj Hresko (1), Frantisek Petrovic (3), Frantisek Kohut (1), Matej Mojses (1),
GabrielBugar (3)

(1) Institute of Landscape Ecology SAS, branch Nitra, Akademicka 2, 949 01 Nitra, Slovakia
(2) Mountain Research Station, Institute of Arctic and Alpine Research and Department of Ecology and
Evolutionary Biology, University of Colorado, Boulder, CO 80309-0450, USA.

(3) Constantinus PhilosopherUniversity, Department of Ecology and Environment, A. Hlinku 1, 949 74
Nitra, Slovakia

The nitrogen (N) deposition represents currently one of major threats to
biodiversity and ecosystem functioning. The increased N input has been associated with
a variety of ecological changes in natural and managed ecosystems, including both
increases and decreases in species diversity and primary production, loss of base
cations, and increases in soil acidity and aluminum (Al3+) concentrations [e.g. 1]. Our
experiment consists of 3 nitrogen treatments (20, 60, and 150 Kg N ha-1 yr-1), a
phosphorus treatment (50 Kg P ha-1 yr-1) and a control treatment, each treatment
replicated 5 times = 25 plots in total. The experimental plots were established in the
acid alpine grassland of the alliance Juncon trifidi in Mt. Salatin (Western Tatra Mts,
Slovakia, altitude 1900 m) in May 2002. The structure of plant and epigeic invertebrates
communities, biomass production, soil, water and plant chemistry were studied.

We did not record decrease of species richness in the plant community (usual
response to increased N input) probably due to very acid soil (pH= 3,0-3,8) and
previous selection of tolerant species by long-term (50 years) deposition of N. However,
in 2007 we recorded decline in abundance of lichen species Cetratia islandica and
increased abundance of Festuca supina.

Increased N inputs lowered growth of vascular plants, lichens and mosses; we
recorded significant decrease of aboveground plant biomass especially in N150. We
believe decreased plant growth with increased N inputs was associated with loss of
extractable base cations essential to plant growth, in combination with toxicity of Al
and Fe. Extractable base cations decreased by 46% for Ca, 37% for Mg, and 38% for K
at the highest input of inorganic N [2].

The increases in N deposition lead also to atypical losses in pools of extractable
aluminum (Al13+), while soil acidity and extractable iron (Fe3+) concentrations increase
[2]. We suggest that this site and others in central Europe have reached a transition stage
in which Fe will dominate buffering of soils. Although hypothesized by Ulrich [3], the
buffering stage beyond Al, toward Fe buffering of soils, has not been described in
association with atmospheric deposition.

[1] Stevens, C.J., Dise, N.B., Mountford, J.O., Gowing, D.J., 2004: Impact of nitrogen deposition on the
species richness of grasslands. - Science 303: 1876-1879

[2] Bowman, W.D., Cleveland, C.C., Halada, L., Hresko, J., Baron, J.S., subm: Beyond aluminum: N
deposition lowers plant growth and buffering in acidic mountain soils. — Nature Geosciences

[3] Ulrich, B., 1983: Soil acidity and its relation to acid deposition. — In: Ulrich, B. & Pankrath, J. (eds.):
Effects of Accumulation of Air Pollutants in Forest Ecosystems. Reidel, Dordrecht

200



Session 1.8 Oral Presentations
Nitrogen enrichment in terrestrial ecosystems

Soil and plant 8"°N values reveal ecosystem nitrogen dynamics and
indicate NO; to NH, preference of different plant species

Ansgar Kahmen (1), Wolfgang Wanek (2) & Nina Buchmann (3)
(1) University of California, Berkeley
(2) University of Vienna
(3) ETH Zurich

High loads of nitrogen (N) deposition have now been observed for several
decades across many terrestrial ecosystems around the world. Interestingly, the
consequences of the increasing levels of N deposition for the structure and
biogeochemical function of terrestrial ecosystems are still poorly understood. Partly this
is because ecosystem N dynamics are highly complex and dynamic processes and
simple tools that allow large-scale integrative assessments of ecosystem N dynamics
don’t exist. In this context, the natural abundance of stable "N isotopes in plant and
soils is potentially a simple tool to assess ecosystem N dynamics. Variability in plant
and soil d"°N values derives primarily from physiological and biogeochemical processes
in the N cycle that discriminate against ’N. Soil processes such as N mineralization,
nitrification, denitrification or NHj volatilization discriminate against N and lead to
soil N pools with different d"°N signatures. The d"°N signatures of different soils N
pools are further imprinted in the d"°N values of plants that utilize these soil N pools for
their N nutrition. Based on the link between foliar and soil d"°N signals, foliar d"°N
values have been suggested to function as simple but valuable tools to study ecosystem
N dynamics, both as tracers or as integrative signals.

In the study presented here we tested the applicability of plant and soil d"°N
values to addresses the effects of N dynamics on the structure and function of European
semi-natural grassland ecosystems. In particular, we used the natural abundance of °N
isotopes in soils of 18 different grasslands as a simple tool to link soil N cycling with
productivity, plant species composition and plant diversity. In addition, we used stable
N isotope ratios in plants from the 18 sites as an indicator for differential NO3; and NHy4
uptake among co-occurring plant species. Bulk soil d”°N of the investigated grasslands
was positively related to soil N turnover and indicated strong N effects of productivity,
species composition and diversity of the investigated grasslands. Leaf d"°N values of 22
different non N,-fixing plant species were also positively related to soil N turnover as
well as to soil d"°N values across sites. Within a site variability of leaf d"°N values, was
explained by differences in the species' NO; to NHy4 uptake ratios. The observed
differences in NOs; to NH4 among species were, however, not species specific but
depended on site characteristics and abundance of a species when tested across the
investigated sites.

Our study shows that N dynamics have a profound effect on the structure and
function of the investigated temperate grasslands. In addition, we were able to show that
N isotopes in plans and soils are simple and valuable indicators of ecosystem N
dynamics such as soil N turnover or plant N uptake. In particular for studies on the
landscape or continental level, stable N isotope ratios are valuable and simple tools to
address the link between N dynamics and the structure and biogeochemical function of
ecosystems.
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Biogeochemical processes of nutrients (N, P) in riparian structures
adjacent to agricultural fields

Carmen Postolache, Carmen Campian, Mihaela Oprina, Sergiu Cristofor, Angheluta Vadineanu
Department of Systems Ecology, University of Bucharest, Splaiul Independentei 91 - 95, 050095,
Bucharest

Riparian zones are important buffers of nutrient fluxes of diffuse origin to the
stream systems. They are characterized by high rates of nutrient cycling processes. The
aim of the study is to evaluate the rates of most important biogeochemical processes
controlling the nutrient retention in riparian areas adjacent to agricultural zones, as well
as to identify the main factors which influence the intensity of these processes. This is
of great interest in terms of landscape management, as agricultural areas are associated
with high nutrient fluxes due to mineral fertilizers applied in order to obtain higher
vegetal production.

The study was conducted over a two years period of time in two selected riparian
ecosystems with different hydrological characteristics and vegetation cover - one was
covered by herbaceous vegetation and the other one was forested. In each study site
groundwater levels across the riparian zone were monitored from a grid of piezometers.
Different temporal dynamics and spatial heterogeneity of water elevation were obtained
for the two zones [1], which allowed establishing: a) the groundwater gradients and the
preferential flow direction; b) the influence of the streams water to the riparian
groundwater. Nitrate, nitrite, ammonia and phosphate inputs and outputs from the
riparian zones were monthly determined at every piezometer in order to estimate the
effectiveness of the riparian strip to retain inorganic nitrogen (NO3-N and NH4-N) and
phosphorous (PO4-P) entering from the agricultural field.

The research focused on most important biogeochemical processes of nitrogen
and phosphorous: nitrification, denitrification and nutrients uptake by vegetation. Rates
of microbial processes were determined in situ, with a monthly frequency, while
nutrient content of plant tissues have been analyzed during the growing seasons.
Complementary data of soil temperature, organic matter content, water and sand
percentage, have been used in data interpretation.

Nitrogen and phosphorous retention rates vary with the type of vegetation, but the
most important factors influencing nitrogen retention/elimination are soil texture and
hydrological regime. The "hot spot" for all microbial processes in soil is located in the
herbaceous site, adjacent to the wetland zone. The active zone for denitrification shifts
from wetland to the inner areas in wet periods, being highest at a water content in soil of
about 20-30%, and high concentrations of organic matter and inorganic nitrogen.
Nitrogen uptake is higher in the forested area, which seems to be more efficient in
nutrient retention as compared to the herbaceous site. Residence time for nutrients in
plants is longer than one year. Phosphorous retention is significantly higher than
nitrogen retention, especially in the forested site.

[1] S. Sabater, A. Butturini, J - C. Clement, T. Burt, D. Dowrick, M. Hefting, V. Maitre, G. Pinay, C.

Postolache, M. Rzepecki and F. Sabater, 2003, Nitrogen Removal by Riparian Buffers along a
European Climatic Gradient: Patterns and Factors of Variation, Ecosystems 6: 20-30.
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Does N-source niche differentiation change during early succession in
sandy ecosystems?

Vanessa M. Stahl, Wolfram Beyschlag & Christiane Werner
University of Bielefeld, Dept. of Exp. & Systems Ecology, Universitdtsstr.25, 33619 Bielefeld, Germany

Open sandy grasslands are nitrogen limited habitats where plants are exposed to
extreme seasonal climatic variations, particularly to incipient drought. These
ecosystems are increasingly endangered because of environmental and land use changes
like enhanced atmospheric nutrient deposition which accelerates successional processes.
Former works indicated that niche differentiation with respect to spatial, temporal and
chemical N-uptake pattern occur in grasslands [1, 2]. So far there is a general lack of
knowledge about these processes and their temporal dynamics throughout succession. In
order to better understand ecosystem functioning, competition, co-existence and
biodiversity in dry grasslands, we investigated species differences in nitrogen source
partitioning under natural conditions using '"NO;-, "NH,"- and ""N-"C-Glycine
labelling. We aimed to determine, if these mechanism are involved in the disappearance
of early species during succession and if they impact on biodiversity.

First, we tested if N-source utilization changes during succession from the most
available nitrogen source, NOs3, to less available NH,', as a strategy for species
coexistance with increasing competitive pressure. Second, we compared two typical
sand dune species with different growth strategies - Corynephorus canescens and
Rumex acetosella. The former is a pioneer species characteristic for open sand areas,
e.g. after disturbance, whereas the latter colonizes later successional stages. We
hypothesised that C. canescens is a poor competitor and has lower benefits from N-
increase than R. acetosella.

We tested our hypotheses in three different successional stages with increasing
soil nitrogen content: An early pioneer stage, a cryptogam stage and a later successional
stage. Our results show significant differences in N-source utilisation of R. acetosella
and C. canescens between these successional stages. Both species can increase their
Nitrogen-uptake with ongoing succession and are also able to utilize ammonium as a
secondary nutrient-source. Furthermore, it became apparent that C. canescens is able to
switch between nitrogen niches in contrast to R. acetosella. Also a seasonal shift in N-
uptake within the successional stages was observed.

Contrary to our hypothesis we showed that C. canescens is not a weaker
competitor for N than R. acetosella, since it increased nitrogen uptake in spite of higher
competition.

This study contributes to a process-based understanding of the role of nitrogen
enrichment for competition effects on succession in dry grasslands.

[1] McKane RB, Johnson LC, Shaver GR, Nadelhoffer KJ, Rastetter EB, Fry B, Giblin AE, Kielland K,
Kwiatkowski BL, Laundre JA, Murray G. (2002) Resource-based niches provide a basis for plant
species diversity and dominance in arctic tundra. Nature 415: 68-71.

[2] Kahmen A, Renker C, Unsicker SB, Buchmann N (2006) Niche complementarity for nitrogen: an
explanations fort he biodiversity and ecosystem functioning relationship? Ecology 87: 1244-1255
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Effects of N availability and lithology on soil bacterial community
structure of Abies pinsapo forests

Patricia Torres-Caniabate (1), Roberto Garcia-Ruiz (1), Jose Antonio Carreira (1),
M* Belén Hinojosa (2) & Tim Daniell (2)
(1) University of Jaén, Departamento de Biologia Animal, Biologia Vegetal y Ecologia. Campus Las
Lagunillas s/n. CP: 2307. Jaén, Spain
(2) Scottish Crop Research Institute (SCRI). Invergowrie, Dundee, DD2 5DA,Scotland, UK

Abies pinsapo-fir forests ecosystems, endemic to coastal mounta