
FIRSTHAND KNOWLEDGE

 60  M A X P L A N C K R E S E A R C H  2 / 2 0 0 8

BIOGEOCHEMISTRY

 2 / 2 0 0 8  M A X P L A N C K R E S E A R C H  61

 On February 26, 2008, a storage 
facility for four million seeds 

was opened in the permafrost of 
Spitzbergen. This Noah’s Ark of use-
ful plants, 800 kilometers from the 
North Pole, is intended to safeguard 
biodiversity for future generations. 
More and more of the plant genetic 

The result of the diverse interac-
tions between the individuals is that 
an ecosystem is more than the sum of 
its parts. Yet the link between bio-
logical diversity and the properties 
and processes of an ecosystem are 
still barely understood – a frighten-
ing shortcoming given the breathtak-
ing speed at which biodiversity is be-
ing lost throughout the world. Thus, 
ecological research has been stepped 
up in recent decades, generating sev-
eral key questions: Does it make any 
difference to the functioning of eco-
systems whether many or few species 
exist? Does the actual number of 
species per se, that is, irrespective of 
the identity of the species involved, 
affect ecosystem processes? Can spe-
cies that have similar functional 
characteristics or that fulfi ll similar 
functions in the ecosystem replace 
each other, or does that affect the 
way in which these systems work?

SPECIES DIVERSITY MEANS 
GREATER PRODUCTIVITY

The fi rst in-depth results were sup-
plied by the Cedar Creek biodiversity 
experiment in the US, which was es-
tablished in 1994 and which is on-
going today, and by the European 
research project BIODEPTH (Biodi-
versity and Ecosystem Processes in 
Terrestrial Herbaceous Ecosystems) 
carried out from 1996 to 1999. In the 
BIODEPTH project, meadow plots 
were laid out in the same pattern at 
eight European locations that had 
very different geographical and cli-
mate conditions, and various native 
plant species were sown in them. 
During the experiment, the research-
ers varied the number and the species 
combinations and, during a period of 
three years, recorded a series of eco-
system characteristics and processes 

In 1992, the UN CONVENTION 

ON BIOLOGICAL DIVERSITY was 

signed in Rio de Janeiro – the 

fi rst international agreement to 

attempt comprehensive regulation of how we deal with nature. The rate at which biological 

diversity is being lost is supposed to fall signifi cantly by 2010. From May 19 to 30, 2008, 

representatives of governments throughout the world attended the ninth meeting of the 

Conference of the Parties (COP9) in Bonn, where they presented the results of the efforts they 

had undertaken thus far. Scientists at the MAX PLANCK INSTITUTE FOR BIOGEOCHEMISTRY 

want to fi nd out what signifi cance biodiversity has for the ecosystems on our Earth.
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resources that have been bred over 
centuries are disappearing – and with 
them, genetic designs that might one 
day be vitally important as environ-
mental conditions change. In the last 
few years, for example, 70,000 types 
of rice have been lost in Asia alone, 
either from neglect or because farm-
ers did not have the resources to 
maintain them.

However, not only useful plants 
are affected. With changes to agri-
cultural land, over-exploitation of 
forests and increasing urbanization, 
humans are changing the Earth’s to-
pography and ecosystems – and dis-
placing numerous animal and plant 
species in the process. The rate at 
which species naturally become ex-
tinct is between one and three per 
year; as a result of human interven-
tion, the current rate is around one 
thousand times higher. Scientists es-
timate that between one and 130 
species now become extinct every 
day! And it should be kept in mind 
that, up to now, 1.75 million species 
have been described, but actually 14 
million species are estimated to exist 
on our planet.

Each species is linked in a com-
plex network of interactions with 
the animate and the inanimate envi-
ronment. We call this complex struc-
ture an ecosystem. The loss of even 
one single species means structural 
change. The remaining network re-
orients and reorganizes itself – but 
the consequences vary, since the 
species in an ecosystem are not all 
of equal importance: certain species 
can have a crucial infl uence on the 
structure and stability of the ecosys-
tem, while others can disappear 
without perceptible consequences. It 
is not possible to arbitrarily substi-
tute one species for another.
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lowing year to plant more trees and 
to ensure that around 85 percent of 
them would grow successfully in 
each of the experimental areas.

At two of the three locations, the 
number of tree species varied. In the 
areas with chalky soil, there are one, 
two, four or six, while the areas with 
sandstone have one, two, three or four 
species. All the theoretically possible 
combinations of species from the spe-
cies pool were created. Unlike the ex-
periments in the grassland, it is pos-
sible, when planting trees, to vary the 
positioning of the species within the 
section. In principle, individual trees 
can be distributed randomly, or ar-
ranged in a regular pattern or in 
smaller groups. In our experiment, we 
planted each species grouped on 
eight-meter squares in order to pre-
vent weaker, less competitive species 
from being displaced prematurely. 
This was to ensure that the planned 
levels of diversity would become suc-
cessfully established.

TREE GROWTH WITH 
A MEMORY EFFECT

The size of the squares was deter-
mined by the average crown diame-
ters of mature trees. In a roughly 
100-year-old forest stand, each 
square should eventually be occupied 
by one individual.

Just setting up this experiment re-
quired thinking and planning in time 
scales that are rather unusual in re-

search. At the third lo-
cation in the experi-
ment, the number of 
species remained con-
stant. Four tree species 
belonging to different 
functional groups were 
mixed together.

BIOTREE offers a 
unique opportunity to 
trace the development of 
diversity-function rela-
tionships in forests over 
a very long period. We 

far exceeded that of any previous 
biodiversity experiments: More than 
480 meadow plots with different 
species combinations were estab-
lished in an area the size of ten soc-
cer fi elds. The plants sown there 
came from a pool of 60 typical spe-
cies. Each species was assigned to 
one of four different functional 
groups, each of which comprised 
species with similar properties that 
possibly have more infl uence on the 
processes in the ecosystem than spe-
cies diversity per se.

The Jena experiment, which was 
carried out in cooperation with, 
among others, the Institute of Ecol-
ogy at Friedrich Schiller University, 
not only quantifi ed carbon storage 
and, for the fi rst time, the whole of 
the nitrogen and phosphorus cycles, 
but also the interactions between the 
individual plant species and the dif-
ferent trophic levels (food chain lev-
els), that is, plants, invertebrates and 
microorganisms. Working groups 
from the fi elds of hydrology, biogeo-
chemistry, soil science, botany, zool-
ogy and agrarian ecology are col-
laborating closely on this project.

BIOTREE – RESEARCH WITH 
A LONG-TERM PERSPECTIVE

The fi rst results show that species-
rich meadows are not only more pro-
ductive, but also that more carbon is 
stored in the soil of species-rich 
meadows. Both of these – the pro-
duction of more biomass with photo-
synthesis and the increased carbon 
stores in the soil – remove the green-
house gas carbon dioxide from the 
atmosphere and thus contribute to 
stabilizing the climate.

All the experiments carried out 
thus far have in common that they 
are being conducted on fast-growing 
and small model ecosystems. It is not 
surprising that there are as yet no 
similar analyses of forests, although 
forests fulfi ll a number of important 
functions, such as storing carbon, 

conserving ground water and pro-
ducing timber. Biodiversity experi-
ments with forests inevitably entail a 
very long period of investigation – 
trees take many years to form a com-
plete stand.

The interesting question is whether 
forests will prove to function in a 
similar way to meadows. Does a spe-
cies-rich forest grow better than a 
species-poor one, and does it absorb 
correspondingly more carbon? BIO-
TREE (BIOdiversity and ecosystem 
processes in experimental TREE stands) 
is a worldwide unique experiment 
that we at the Max Planck Institute in 
Jena started in 2003 to investigate the 
effect of biodiversity on the ecosys-
tem processes in forests. Some 200,000 
seedlings were planted on a total of 70 
fallow hectares at three locations with 
different geological and climatic con-
ditions.

However, the extremely dry sum-
mer of 2003 caused us considerable 
problems when we planted the small 
trees, which were 20 - 60 centimeters 
in height. We lost all of the very 
small pine trees at one of the three 
locations, and two-thirds of the new-
ly planted European beeches and ses-
sile oaks also died. However, it was 
easier to establish the wych elms, the 
small-leaved limes, the ashes and the 
rowans and the three different spe-
cies of maple – losses here totaled 
less than 20 percent. We thus had to 
reach for our spades again the fol-

will be recording various parameters 
at intervals of several years. These in-
clude growth of the tree species, car-
bon storage in the wood biomass, 
stand structure and population dy-
namics, development and productivity 
of ground vegetation, nutritional con-
tent in plants and soil, hydrologic bal-
ance, and litter decomposition. Using 
artifi cial shade covers, we want to 
fi nd out how trees compete for light 
and how they internally redistribute 
their resources, for example energy 
storage products such as starch.

Everyone knows from their own 
observations that every tree always 
exhibits the most important charac-
teristics of its species, but develops 
its individuality in response to its en-
vironment. A free-standing spruce 
therefore looks quite different from 
one that has grown up in the cramped 
surroundings of a thick forest stand. 
As woody plants invest the majority 
of their biomass in long-lived and ir-
reversible structures, they are not 
able to react fl exibly to the changes 
in their current environment, but 
their shape is marked by their whole 
life history.

A paradigm of biodiversity research 
is that species-rich stands are more 

Plants of the same species all root at the same depth 
(above). Different plant species, in contrast, root at 
different depths and make better use of the available 
water. Researchers call this niche differentiation.

In the Jena experiment, more than 480 sections of meadow with different 
species combinations were created in an area the size of ten soccer fi elds.
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The wild plants that were sown came from a pool of 60 
typical species and were assigned to four functional groups.

Researchers measure the hay yield: Areas 
with less plant diversity yield less biomass.

− particularly its productivity. The 
data did indeed show a signifi cant 
positive relationship between the 
number of plant species and the pro-
duction of biomass. The researchers 
still do not know how this effect 
comes about.

However, one mechanism that 
plays an important role is “niche dif-
ferentiation”: as the number of spe-
cies increases, so does the diversity 
of morphological and physiological 
properties. These differences in char-
acteristics between the species mean 
that available resources, such as 
light, water and nutrients, are used 

more effi ciently. We would like to 
explain this in greater detail with an 
example: If only one species grows in 
an ecosystem, then all of the plants 
have their roots at the same depth 
and compete for the water available 
there. Different plant varieties, in 
contrast, have roots at different 
depths and thus exploit all of the 
available water. Niche differentiation 
therefore increases the performance 
of the whole community.

In spring 2002, researchers at the 
Max Planck Institute for Biogeo-
chemistry in Saaletal near Jena 
launched a project on a scale that 
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stable than species-poor stands. Ac-
cordingly, even in young afforesta-
tion projects, such injurious factors as 
gnawing by water voles or rabbits 
should cause less damage to species-
rich stands than in monocultures. 
We therefore monitored how success-
fully 19 different tree species in the 
BIOTREE experiment had grown in 
the fi rst two years after planting. We 
were able to attribute up to 20 per-
cent of losses in one tree species to 
water vole damage. These small ro-
dents usually dig extensive passages 
directly under the plants, and are par-
ticularly fond of eating the roots of 
young trees. The tree species we in-
vestigated were affected to differing 
extents: we found the most damage 
by water voles on oaks in all the loca-
tions, whereas the lime trees remained 
practically unaffected.

ELIMINATING THE 
RODENT NUISANCE

Because the tree species were planted 
in groups, species that are highly 
susceptible to gnawing and water 
voles are positioned next to less sus-
ceptible trees in the BIOTREE experi-
ment. It is interesting that the dam-
age from both water voles and hares 
was not randomly distributed over 
the experimental areas, but clearly 
depended on the number of tree spe-
cies in the section in question. The 
areas with a mixture of six tree spe-
cies suffered less damage per species 
than the areas with fewer species. 
This fi nding is all the more surprising 
when one considers the many infl u-
ential factors that determine the 
growing success of trees. It confi rms 
other results that also indicate that 
ecosystems function better and re-
spond more fl exibly to disturbance 
when more species exist.

In the experiments described here, 
we have created model ecosystems 
that have uniform local conditions 
and a uniform history of land use. In 
this way, we can exclude these two 

factors as infl uencing variables and 
reveal the links between ecosystem 
processes and the different levels of 
biological diversity that we have es-
tablished. However, these model eco-
systems can be compared with natu-
ral systems only to a limited extent. 
In the “Biodiversity Exploratories,” 
which were established in 2006, the 
goal is to investigate species diversity 
in existing natural landscapes.

The Exploratories were set up in 
three 100-square-kilometer sample ar-
eas in the Schorfheide-Chorin bio-
sphere reserve (Brandenburg), and in 
and around Hainich National Park 
(Thuringia) and the Swabian Alp bio-
sphere area (Baden-Württemberg). In a 
long-term study, we will work together 
with more than 30 different research 
institutions to fi nd out how changes in 
land use and their intensity affect bio-
diversity. To do this, we need to record 
the complex interactions between lo-
cal and climate factors, animals, 
plants, microorganisms and land use.

Species extinction and the processes 
responsible for it, climate change and 
the destruction of natural habitats are 
global phenomena. We are thus inter-
ested in the question of whether fi nd-
ings from experimental research are 
signifi cant on a large scale – that is, 
for the entire Earth system. The fi rst 
Earth system models to predict cli-
mate change differentiated only be-
tween sea and land surfaces. The cru-
cial signifi cance of plants on the 
continents and in the oceans was not 
recognized until later.

Today, we are taking the fi rst steps 
toward mapping plant diversity in 
global climate models. To do this, we 
must fi rst record the functional abun-
dance of plants. Thus, as part of the 
international TRY project, scientists 
are gathering the characteristics of as 
many plant species as possible. The 
database now contains entries for 
more than 30,000 species – equiva-
lent to approximately 10 percent of 
our Earth’s fl ora.

The fi rst analyses show that indi-
vidual functional species groups and 
their particular characteristics can 
have a major impact on the element 
cycles in the Earth system. For exam-
ple, there are more fi res in the boreal 
forests of Siberia than those of Cana-
da because the dominant tree species 
in each area have different ways of 
adapting to fi re. Tropical rainforest 
species on young soils exhibit rates of 
photosynthesis that are considerably 
higher than those of trees on old ex-
hausted soils. That has signifi cant 
consequences for the water and car-
bon cycles of the entire Amazon ba-
sin. The rate at which carbon can be 
stored in the dead wood of the forests 
depends crucially on the tree species 
and the properties of their wood.

PLANT DIVERSITY IN THE 
CLIMATE MODEL

Obviously, we will never be able to 
take the dynamics and the infl uence 
of 350,000 plant species into account 

in a climate model. We can, however, 
at least identify the most important 
players and understand, on the one 
hand, how they affect ecosystem 
processes and, on the other, how they 
respond to global change. When we 
have understood this interplay be-
tween plant diversity and climate, we 
will have a chance to make better 
and more precise predictions about 
the climate.

We assume today that the impov-
erishment of ecosystems to monocul-
tures is taking its toll on stability. 
These systems can yield only a 
fraction of what an ecosystem with 
species-rich systems delivers. The 
creation of permanently stable eco-
systems would thus be an important 
economic goal. Yet, even though a 
wide diversity of species might not 
be the critical factor given constant 
and favorable environmental condi-
tions, under changing environmental 
conditions, species diversity could be 
of crucial importance. ●

Many tree species are susceptible to damage by water voles. 
Areas with a mixture of six different species exhibited the least damage.
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The researchers want to use artifi cial shade covers to fi nd out how trees 
compete for light, and how they redistribute their resources internally.

More than 200,000 seedlings were planted as part of the 
BIOTREE project. Their quality and the way they were handled 
when they were planted were crucial to their success.

Hainich National Park is one of the three sites for the exploratories. There, 
arthropods develop as Larvae in the ground; zoologists install traps to catch them. PH
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