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Landscape Genetics

How Landscapes Affect Ecological Processes

Landscape genetics evaluates the effect of landscape structure and
composition on the movement, dispersal and gene flow of animals and plants.

It is applied, for instance, to test
whether de-fragmentation measures
such as green brigdes or landscape
corridors effectively enhance the
movement of individuals in
fragmented landscapes.
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Combining Population Genetics and
Landscape Ecology

Landscape genetics seeks to assess how
landscape structure and composition affect
movement, dispersal and gene flow of an-
imals and plants. Landscape genetics has
recently been promoted in review articles
(e.g., Holderegger and Wagner 2008) and
at international conferences (e.g., Balken-
hol et al. 2009). The research field amal-
gamates population genetics and land-
scape ecology by combining the theory and
methods of the former with the GIS-appli-
cations, spatial analyses and modelling of
the latter (Manel et al. 2003). While land-
scape ecology stresses the dynamics of pat-
terns and processes in changing landscapes
by characterizing landscape structure (e.g.,
suitable versus unsuitable habitats, barri-
ers versus corridors, etc.), population ge-
netics uses various genetic techniques to
indirectly measure how animals and plants
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(and therefore their genes) move and dis-
perse across landscapes. By merging the
two fields, landscape genetics provides a
powerful tool to identify the effects of land-
scape properties on movement, dispersal
and gene flow. Given the appeal of land-
scape genetics, both in science and appli-
cation, ETH Zurich will offer a one-week
winter school on landscape genetics next
February (box 1) and SAGUF will intro-
duce this new field to its members at its
annual meeting in 2011 (box 2).

An Innovative Research Field

The combination of genetic and landscape
or environment data with modelling ap-
proaches in landscape genetics offers a
setting to test emerging questions of spe-
cies behavior under land-use and climate
change. A prominent example of landscape
genetic research and its application in con-
servation management relates to the ef-
fectiveness of de-fragmentation measures.
The basic question is whether implement-
ed structural connectivity measures lead to
functional connectivity; the latter being the
effective exchange of individuals or genes
among populations. For instance, canton-
al authorities in Switzerland already use
landscape genetic approaches to assess the
degree of population fragmentation due to
highways, major roads, fenced railways or

settlements in wildlife corridors of nation-
al importance. This knowledge of the pres-
ent situation will also enable the future
assessment of the effectiveness of mitiga-
tion measures such as green bridges or un-
derpasses once they have been implement-
ed. Similarly, landscape genetic methods
are used to study the effectiveness of con-
nectivity measures taken on agricultural
land under national or international agri-
environmental schemes. In doing so, land-
scape genetics develops into a valuable
planning and monitoring tool in practical
management. What we have learned from
landscape genetics so far shows that espe-
cially animals but also plants more often
spread over larger distances than had been
suggested hitherto (Holderegger and Wag-
ner 2008).

Approaches and Challenges

Currently, landscape genetics is using
three approaches to detect the effects of
landscape structure and composition on
movement, dispersal and gene flow, name-
ly 1. approaches based on genetic discon-
tinuities (Where can distinct gene pools be
found in a landscape?), 2. approaches based
on genetic distance (How different are two
populations or individuals in genetic terms?)
and 3. approaches assessing current move-
ment and gene flow.
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1. Approaches based on genetic disconti-
nuities investigate whether the bound-

BOX 1: Winter School in Landscape Genetics at ETH Zurich

aries between genetically distinct pop-
ulations (i. e., populations that are not
in contact with each other) spatially co-
incide with particular landscape struc-
tures (e.g., roads, rivers or settlements)
on topographic or land use/land cover
maps, which potentially act as barriers
to movement and dispersal. Various
clustering methods are used to assign
individuals to genetic pools. An empir-
ical example is provided by Riley et al.
(2006). They showed that coyotes and
bobcats form genetically isolated groups
on different sides of a Californian high-
way and that the highway therefore acts
as a barrier to gene flow.

. Genetic distance provides a measure-
ment of how often populations or in-
dividuals come into mating contact. In
other words, genetic distance is a mea-
sure of the abundance of movement,
dispersal and gene flow between two
localities. Approaches based on genet-
ic distance use GIS data on landscape
elements such as forests, roads, open
fields or meadows. Most often, a resist-
ance value is given to each landscape
element, reflecting the permeability of
the element to the movement of a giv-
en species. This procedure allows cal-
culating a minimum cumulative land-
scape resistance between two localities.
This least cost distance describes a po-
tential movement path minimizing the
costs of movement through a particular
landscape. The correlation between ge-
netic distance and different least cost
distance models can then be evaluated
and allows identifying those landscape
elements that mainly influence move-
ment, dispersal and gene flow. Using
such an approach, and regarding roe
deer dispersal in a fragmented land-
scape, Coulon et al. (2004) showed that
roe deer strongly follows woodland
patches and avoids crossing open land
without shelter.

. The last approach estimates the con-
temporary movement of individuals or
current gene flow. Assignment tests de-
termine contemporary migrants among
populations based on their genetic com-
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position. In other words, given the ge-
netic composition of a given individu-
al, to which population of origin does
it most probably belong? The genetic
composition of most individuals match-
es that of the population where they
were sampled — these are residents.
However, some individuals will be as-
signed to a population different from
where they were sampled — these are
migrants from other populations. Us-
ing such an assignment test, Angelone
and Holderegger (2009) showed that
functional connectivity at the landscape
scale in the valley of the Swiss river
Reuss could be achieved through the
construction of new ponds; the ponds
increased the movement of tree frogs,
thus acting as stepping stones between
existing populations. Another method
to identify contemporary gene flow,

called parentage analysis, has mainly
been used in plants. Kamm et al. (2009)
found that even widely scattered indi-
viduals of a rare forest tree species in
northern Switzerland form part of an
extensive network connected by regu-
lar pollen exchange over distances of
more than ten kilometres. These trees,
although spatially isolated, were func-
tionally well connected.

Outlook

Many of the above mentioned methods
and approaches still suffer from concep-
tual and methodological shortcomings
(Balkenhol et al. 2009). Future progress in
landscape genetics depends on the devel-
opment of appropriate analytical tools al-
lowing a better assessment of the relation-
ships between genetic and landscape data.
Hence, close collaboration between land-
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scape ecologists and population geneti-
cists is required, since only statistically ro-
bust and easy-to-use approaches will al-
low landscape genetics to expand its full
power with respect to application in man-
agement practice (Segelbacher et al. 2010).
One particular advantage of landscape ge-
netics is that large spatial areas (i. e., whole
landscapes) can be monitored over extend-
ed time periods. Therefore, landscape ge-
netics can provide the whole landscape
view of functional fragmentation or con-
nectivity that is urgently needed in con-
servation and landscape management.
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Landscape genetics is well suited to complement small-scale ecological studies on the dispersal of marked
animals — here a marked damselfly — on larger spatial scales.
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