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The major challenge facing aquatic environmental sciences today is to restore
freshwater ecosystems so that the services they provide are maintained for future
generations. In these efforts, local populations are of fundamental importance,
since processes occurring at the local level underlie the functioning of ecosystems.

Freshwaters are among the most endangered ecosystems worldwide. This is also true for Switzerland, where river alterations,
intensive land use and environmental pollution have changed the
character of surface waters to such an extent that natural freshwater ecosystems have virtually disappeared. Additional pressures are associated with climate change, which is likely to bring
rising average temperatures, seasonal water shortages and more
frequent extreme weather events.
Diversity = adaptability. With regard to the protection and
enhancement of freshwater habitats, the following key questions
arise for aquatic ecologists: To what extent can ecosystems adapt
to and compensate for environmental change? At what spatial
scale are restoration and management measures effective? How
long is the time lag between restoration and recovery? What are
the priorities for allocation of limited management resources?
In order to answer these questions, we need to understand local processes at the population level in particular. These are of
fundamental importance to ecosystem functioning, as all relevant
ecological and evolutionary processes take place within local
populations. A population is defined as a group of individuals that
reproduce together. While it is often difficult to see where one
population ends and the next begins, the methods of ecological
genetics can be helpful here.
Ecological and genetic variability can help local populations
— to a certain extent — in adapting to changing environmental conditions and in withstanding stressors. They thus help to preserve
ecosystem stability and to assure the provision of ecosystem
services. For this reason, the maintenance of local diversity
should be a core concern of contemporary conservation biology.
This approach rejects ecosystem conservation as an attempt to
preserve the past, promoting instead the evolutionary dynamics
which can support adaptation to new conditions.

local races and much of this variation has been unknown until
recently.
Genetic drift (see Glossary) and natural selection are two evolutionary mechanisms which can cause local populations to differ
in their genetic composition. Additionally, environmental conditions and ecological interactions varying on a small spatial scale
may lead to local adaptation. One striking example of local adaptation comes from recent research carried out by Eawag scientists
on brown trout (Sa/mo trutta) in Switzerland [1]. High-elevation
populations were found to possess genetic variants — lacking in
low-elevation populations — which seem to be advantageous for

Fig. 1: Altitudinal adaptation in brown trout (Sa/mo trutta) populations of two
Swiss drainage basins. With rising altitude, the frequency of the genetic

variant UBA-301 increases (al, whereas the frequency of the genetic variant
UBA-307 decreases (b).
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Adaptation to altitude in fish. In measuring the genetic population structure of several groups of freshwater organisms in Switzerland, Eawag researchers have found that populations can show
high levels of genetic differences even over short distances. In
other words, for many key organisms, Switzerland has important
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Val Roseg (Canton Graubünden) is a typical habitat for the alpine caddisfly (Allogamus uncatus). Populations live in temporary or permanent streams of alpine
headwaters.

life at higher altitudes. This pattern was detected in several catchments across Switzerland, indicating that the brown trout have
adapted to environmental parameters that correlate with altitude
(Fig. 1).
The example shows that local environments may produce
novel and unique local genetic variation. It is therefore essential
that restoration efforts should seek to preserve such variation
because this is what is needed for adaptation to environmental
change. Genetic differences among local populations should also
be taken into consideration in stocking measures.
Modern genetic techniques have made it possible for biologists to discover such cryptic biodiversity. Such examples of
local adaptation may become more common as we gain more and
more knowledge on genetic differences among local populations.
This information should be used to improve management protocols in conservation measures.
Recolonization supported by population networks. Each species consists of many local populations which are connected to
varying degrees, forming networks in which migrants are exchanged. For example, populations of fish in the same watershed
are more likely to belong to the same network of populations than
those in another watershed. Such networks of populations are
called metapopulations.

Lisa Shama, Karen Kubow and Chris Robinson investigated
metapopulations of the common alpine caddisfly Allogamus uncatus [2, 3]. These caddisflies occupy small pools of flowing water
in alpine headwater streams. The species overwinters as larvae,
undergoing several larval instars before a winged adult emerges
in the autumn, and active dispersal becomes possible. Each valley
can have tens of more-or-less isolated populations in permanent
and temporary sections of the stream. In detailed genetic studies,
the researchers examined the long- and short-term history of the
population networks in several valleys of Cantons Graubünden
and Valais in order to understand the effects of the exceptionally
hot summer of 2003, when even permanent streams dried up.
The analysis of a gene region which only changes slowly in the
course of evolution indicated five strongly diverged Allogamus
groups in the different valleys (Fig. 2). The geographical pattern
and the genetic signature of these metapopulations suggested
that, after the glaciers of the last ice age had retreated, the valleys
were colonized by individuals from different glacial refugia, resulting in the distinct genetic identities of the different valleys [2].
To reconstruct the more recent demographic history, the
researchers also used genetic markers that provide a higher
resolution of recent events than a conserved gene region. The
data provided clear evidence of contemporary gene flow among
the metapopulations before the unusually hot summer of 2003,
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