
JOURNAL OF 
NATURAL RESOURCES 
AND DEVELOPMENT

In situ conservation and landscape genetics in forest 
species
Martín M A * a , Herrera M A b, Martín L M a

a Departamento de Genética, Escuela Técnica Superior de Ingeniería Agronómica y de Montes, Edificio Gregor Mendel, Universidad de Córdoba 
Campus de Excelencia Internacional Agroalimentario, Córdoba, Spain.

b 
Departamento de Ingeniería Forestal, Escuela Técnica Superior de Ingeniería Agronómica y de Montes, Edificio Leonardo Da Vinci, Universidad 

de Córdoba Campus de Excelencia Internacional Agroalimentario , Córdoba, Spain.

* Corresponding author : ge2macum@uco.es

Article history Abstract

Received 06.10.2011
Accepted 23.12.2011
Published 08.03.2012

Conservation of forest genetic resources is essential for sustaining the environmental and productive 
values of forests. One of the environmental values is the conservation of the diversity that is assessed 
through the amount of genetic diversity stored by forests, their structure and dynamics. The current 
need for forest conservation and management has driven a rapid expansion of landscape genetics 
discipline that combines tools from molecular genetics, landscape ecology and spatial statistics and 
is decisive for improving not only ecological knowledge but also for properly managing population 
genetic resources. The objective of this study is to show the way to establish the safeguard of genetic 
diversity through this approach using the results obtained in sweet chestnut (Castanea sativa Mill.) 
that has provided a better understanding on the species genetic resources. In this respect, we will 
show how the information provided by different types of molecular markers (genomic and genic) offer 
more accurate indication on the distribution of the genetic diversity among and within populations 
assuming different evolutionary drivers.

Keywords 

Genetic resources
Landscape genetics
Sweet chestnut

Why to conserve plant genetic resources?

The approval of the Convention on Biological Diversity (CBD 1992) 
and the International Treaty on Plant Genetic Resources for Food and 
Agriculture (FAO 2001) constitute a response to the environmental 
degradation that is the direct results of human pressure on the 
ecosystem. Accordingly, it is necessary an integral system of 
conservation and sustainable use of the genetic resources that 
includes economical, social, political and ethical aspects. 
Forest systems provide food, as well as a large number of non-
food goods and services and shape, in great part, a landscape in 
which human footprint is enhanced. These types of services, which 
have intangible value, are “externalities”. In this study we will try to 

show how the discipline of landscape genetics can contribute to 
safeguarding the forest genetic resources. 
Biodiversity is defined as the variation of all living organisms at 
different levels: ecosystems, species and genetic diversity (Wilson 
1988). In this context, genetic diversity is defined as the basis of all 
biodiversity and is widely considered as the main requirement for the 
long-term survival of species on an evolutionary time scale (Booy et al. 
2000; Namkoong 2001). Conservation of such variability has become 
a renewed focus under the expectation that its loss could render 
populations and species less able to adapt to ongoing environmental 
changes (Mace et al. 2003; Jump and Peñuelas 2005). On the other 
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hand, sustainability is defined as the use of natural resources without 
risking their exploitation by future generations (World Commission 
on Environment and Development 1987). For all these reasons, forest 
management can only be considerate as sustainable if it includes a 
suitable system of plant genetic resources conservation. 
Conservation of forest genetic resources is, therefore, essential for 
sustaining the productive values of forests, maintaining the vitality of 
forest ecosystems and, thereby, for maintaining their environmental 
roles (Young et al. 2000). However, one of the greatest threat to forests 
and the diversity housed in them is the increasing pressure to which 
these forests are exposed from human management (Poffenberg 
1996; Palmerg-Lerche 1999). Although it is inevitable that land 
use changes will influence forests structure, such changes should 
be planned to help ensure conservation as a major component in 
land use planning and management strategies. Currently, different 
degrees of management can be found in forest trees, from natural 
forests without intervention (for example Araucaria araucana (Mol.) 
K. Koch, Nothofagus sp., Abies pinsapo Boiss. and Taxus bacatta L.) to 
highly altered systems (Olea europaea L., Quercus sp., Juglans reggia 
L. and Castanea sativa Mill.). This means that strategies to preserve 
these gene pools have to be adapted to each particular case.
Furthermore, problems related to the conservation and use of these 
genetic resources are especially complex, not only because genes 
must be retained, but also because we have to maintain genotypes 
(set of co-adapted genes that are the result of natural and artificial 
selection) and evolutionary processes that have led to this diversity 
(Namkoong and Ouédrago 1997).

The CBD and the Treaty have led to initiatives, at different levels, 
that seek to translate its principles into actions considering national 
and regional realities. In Spain in 2006, the Spanish Strategy for the 
Conservation and Sustainable Use of Forest Genetic Resources was 
presented (MIMAM 2006). This Strategy is currently being developed 
through several national plans. In addition, in 2010, the Ministry of 
Science and Innovation established the ten most important research 
topics in which Spain must be leader in 2020, being the genetic 
resources one of them.
In most forests with high environmental values, there is a better 
understanding of their specific composition and the ecosystems in 
which they are related rather than the degree of genetic diversity 
of species they contain (Young et al. 2000). The knowledge of such 
diversity is particularly relevant in the case of woody species, which 
have been named “ecosystem engineers” (Wright and Jones 2006; 
Shackak et al. 2008). 
The concept of landscape ecology was developed at the end of 
the 1930s. The objective of this approach is to have an advanced 
comprehension of ecological processes and landscape function 
(Farina 2000). Landscape ecology emphasizes the ecological effects 
of the spatial and temporal patterning of ecosystems (Turner 1989, 
2005).  
Currently there is growing interest in combining the tools of molecular 
genetics with the principles of ecological biogeography and landscape 
ecology (Manel et al. 2003; Latta 2006). Evolutionary processes are 

influenced by environmental variation over space and time, including 
genetic divergence among populations, speciation and evolutionary 
change in morphology, physiology and behaviour (Kozak et al. 2008). 
Studies on genetic structure in natural populations, including within 
and among population genetic diversity and genetic differentiation, 
have been a major topic in evolutionary ecology and genetics 
(Patausso 2009). In this respect, in the international literature there 
is a new and integrating approach in the study and management of 
natural resources: landscape genetics (Manel et al. 2003; Holderegger 
and Wagner 2008). This approach integrates the tools provided by 
molecular genetics and ecology with the new statistical tools such as 
geostatistics, maximum likelihood and Bayesian approaches (Wulder 
et al. 2004; Storz 2005). The aim is to provide information about the 
interaction between landscape features and evolutionary processes, 
such as gene flow, genetic drift and natural selection (Manel et al. 
2003; Latta 2006; Storfer et al. 2007). Furthermore, it enables the 
spatial mapping of allele frequencies from one ore more species 
(or populations) and subsequently the correlation of such patterns 
with the current landscape (Storfer et al. 2007; 2010). In this respect, 
landscape environmental features (elevation, slope, etc.) can influence 
genetic structuring of populations at a regional level because they 
can affect gene flow and exert selection pressure (Gomez et al. 
2005). Currently, a step forward in this discipline is the new field of 
landscape genetics of adaptive genetic variation that establishes the 
relationship between adaptive genomic regions and environmental 
factors, being prominent in plant studies (Holderegger et al. 2010). 
An example that Landscape Genetics is a rapidly evolving field is the 
fact that in January 2012, the paper that first coined this term (Manel 
et al. 2003) has 520 citations according to Thomson Reuters web of 
science. In the same way, there has been an impressive increase in the 
number of publications on this subject in the last years: 6 in 2000, 40 
in 2005 and 181 in 2011. This demontrates that this is a disciplicine 
with an important scientific impact. 
These early research models have focused across all ecosystems 
(terrestrial, riverscape, seascape) and plant studies comprises 14.5% 
of the current studies (Storfer et al. 2010). In forest trees, several 
studies on habitat fragmentation, connectivity or barriers to gene 
movement and human impact have been carried out to understand 
how landscape affects the genetic structure of species (Petit et al. 
2002, Oddou-Muratorio et al. 2004, Sork and Smouse 2006; Miller et 
al. 2006; Tollefsrud et al. 2009; Bagnoli et al. 2009), showing accurate 
information on the status of species genetic resources in a given 
area, and thus its contribution to the conservation of its diversity. 
Furthermore, another important advantage is that analysis can be 
performed at individual level and populations are not necessary to 
be predefined. The advantage of using individuals as the operational 
unit are to avoid potential bias in identifying populations in 
advance and to conduct studies at finer scale (Manel et al. 2003). 
This is noteworthy, given that, until now, genetic analyses of natural 
populations have relied on procedures based on the concept that 
distinct populations of a species exist across a landscape (Miller et 
al. 2002). 
In this context, the characterisation and quantification of both genetic 
diversity and the mechanisms that influence it require the use of 
molecular markers that provide a tool for forest genetic conservation 
(Moritz 1994). 
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In recent years, microsatellite markers (SSRs) have become the 
most used markers for studying forest genetics, because they are 
highly polymorphic, codominant and widespread across the genome 
(Glaubitz and Moran 2000). From the evolutionary point of view, they 
are interesting because are present in all species genomes, although 
distributed in low frequency in coding regions (Tautz and Renz 1984; 
Powell et al. 1996). These markers are neutral and have proven very 
useful in studies of genetic diversity, however, are not suitable for 
estimating adaptive genetic diversity.
Recently, the increased availability of DNA sequences has permitted 
the development of EST-based SSR markers. ESTs (expressed sequence 
tag) are expressed in different physiologic conditions of plants. It has 
been stated that the generation of SSRs from EST is relatively easy 
and inexpensive because they are sub-products of sequence data 
from genes or EST that are publicly available. Their main advantages 
compared with genomic SSRs are that they are quick to obtain 
and are present in expressed regions of the genome, showing the 
potential of having known functions (Varshney et al. 2005). Other 
characteristic is they are more than three times as transferable 
across species as compared with anonymous SSRs (Peakall et al. 
1998; Varshney et al. 2005). Studies based on gene expression hold 
great potential for shedding light on complex ecological phenomena 
such as phenotypic plasticity. Such studies can be used to identify 
candidate genes and to provide a genome wide means of studying 
the genetic basis of the mechanisms by which organisms respond to 
environmental changes (Grivet et al. 2008).
Although these techniques can give an adequate view of the 
situation of the genetic resources in a particular species, the next 
step to design a strategy for its conservation and sustainable use 
implies to undertaking other studies focused on the productive 
organization that is technical and socioeconomic factors. Within the 
technical aspects to consider are: the forest yield potential (timber 
and other goods), the products quality, the management practises 
and the possibility of classifying the product. In the socioeconomic 
the organization of the sector and the human communities involved 
in its management should be analysed. 

Sweet chestnut (Castanea sativa Miller), the only species of the genus 
Castanea in Europe, is one of the multipurpose species of most 
economic importance in the Mediterranean region. This species has 
characteristics of interest, not only for fruit and timber but also for its 
contribution to the landscape and environment, that make it a good 
model of integration between natural and man driven distribution of 
biodiversity under changing environmental.
Over many centuries man has influenced the European chestnut 
populations through propagation and management, leading to 
a population structure far from one expected in a purely natural 
situation. For these reasons, chestnut genetic structure is complex 
(Grossman and Romane 2004). Several situations can be distinguished: 
a) High forest. They are chestnut populations that come from 

seeds (saplings) and each tree has a different genotype. Currently, 
these stands are dedicated to timber production or simply have an 
environmental value. Furthermore, in recent times, great attention is 
paid to trees that stand out from the surrounding vegetation because 
of their age, size, ecological role and other peculiarities. In general, 
there is a new acceptance of the importance of ancient woods 
founded on the recognition of their richness in term of genetic 
diversity, cultural heritage and historical features (Fay 2002). These 
trees can reach important diameters, considering as “monumental” 
those larger than 7 meters in girth at a mean height of 1.30 meters 
(d.b.h) (Krebs et al. 2005).  In this respect, chestnut is a tree of 
remarkable development and exceptional longevity, and there are 
examples of chestnut notable for its antiquity and monumentality 
as “Cento Cavalli” from Sicilia (Italia) and “Castaño Viejo” from San 
Román de Sanabria or “Castaño Santo” from Istán (Spain).
b) Coppice. They are chestnuts for timber production. In this case, 
trees come from seeds but regenerate by stump (coppice shoots). In 
ancient formations, each of these stumps leads to a different set of 
feet, arranged in circular form. In any case, the resulting formation 
has a single genotype. 
c) Orchards. They are chestnut dedicated to fruit production. Due 
to the difficulties of the species vegetative reproduction, the clonal 
varieties are grafted onto seedling rootstocks coming from seeds. In 
this case, the genetic structure of rootstocks is different to the grafted 
varieties. Thus, what is expected for rootstocks is that each tree has its 
own genotype and the grafted part is instead a mixture of clones. The 
reproduction systems followed in these traditional plantations mean 
that new rootstocks are the result of the germination of different 
chestnut varieties (Martín et al. 2009), in which, given the species self-
incompatibility (McKay 1942), pollen is from exogenous origin. The 
fact that fruit production occurs in places with high environmental 
value and traditional systems, leads to multiple traditional varieties 
obtained by farmers themselves, a system which tends to maintain a 
high degree of genetic diversity (Martín et al. 2009, 2010a; Pereira-
Lorenzo et al. 2010). 
Given these considerations, the improvement in the knowledge of 
the distribution of the species genetic variability, and its integration 
in landscape will be a support for management systems that ensure 
its sustainability, according to the objectives of the strategy described 
before.
During the last years the consequences of global warming on the 
shifts in plants phenology, namely in the anticipation of budburst 
and blooming dates, has been widely discussed (Walther et al. 
2002; Jump and Peñuelas 2005). In this respect, the identification 
of specific loci that underlie divergently selected traits should allow 
us to address fundamental questions about the genetic basis of 
population’s adaptability to different environmental conditions (Storz 
2005). In chestnut, studies aimed at evaluating traits of adaptive 
significance related to climate change such as water use efficiency, 
bud burst, bud set and growth, etc., showed a strong population 
effect for most characters evaluated, indicating differences in 
adaptation among populations and across the distribution range of 
the species (Lauteri et al. 1998; Pliura and Erikson 2002; Fernández-
López et al. 2005). Furthermore, a study of nine European chestnut 
populations from areas of contrasting climatic conditions in the 
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Mediterranean basin, using genomic and genic microsatellite 
markers, confirmed that combining genomic SSRs and EST-SSRs 
is a useful tool to give complementary information to explain the 
genetic and adaptive diversity in chestnut. In this respect, the analysis 
revealed different clustering pattern between populations, being the 
grouping according to geographic distances in the case of genomic 
SSRs and two differentiated groups based on the northern-southern 
distribution of the populations for genic markers (Martin et al. 2010b). 
In this later, loci under selection were identified, probably associated 
with genes controlling phenological traits related to local adaptation 
at bud burst. The northern populations flushed and formed winter 
buds later, and grew more than the southern populations, while 
early flushing could be advantageous for the development of plants 
before summer drought. 
Landscape genetics approach was applied to sixteen populations 
(high forest), covering the distribution range of the species in 
Spain, using microsatellite markers. Results revealed a high level of 
genetic diversity, which in part followed a geographical pattern, but 
also areas particularly rich in diversity were detected. These results 
permitted proposing a hypothesis regarding the pattern of genetic 
structure of the species in Spain, suggesting the influence of both 
historical climate changes and human activity (Martín et al. in press). 
Data confirmed the existence of a possible refugium area located in 
northwest, as described by other authors (Krebs et al. 2004; Fineschi 
et al. 2000; Mattioni et al. 2008), but also detected a second possible 
refugium in northeastern Spain. Conversely, the genetic structure of 
southern populations was the result of man management, given the 
extensive movement of chestnut genetic material across Europe in 
the past, and the influence of Romans in the Mediterranean basin 
(Columela 1979; Adua 1999; Conedera et al. 2004).
This type of studies could provide valuable baseline data that should 
allow more in-depth studies of landscape genetics associated 
with other species that can contribute to their conservation and 
management.
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