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ABSTRACT

The aim of this paper is to design a collection strategy in Spain, identifying sampling areas to ensure a
greater genetic diversity of Mentha L., both intraspecific and interspecific, and to minimize collecting efforts.
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Introduction

The main objective of any wild-species gene
bank is not just to preserve a large number of
species, but also to maximize for each species, the
genetic diversity between the accessions. Spain is one
of the most diverse countries in medicinal and
aromatic plants (MAP) in Europe. This important
biological heritage should be preserved for current
use but also for future generations. Because of this,
is necessary to provide conservation measures both in
situ and ex situ to ensure conservation of these
genetic resources. Spain houses over 2000 MAP
samples spread over different germplasm banks. In
spite of this, there are important gaps in the
collections when compared to the available diversity.
One of the most striking gaps refers to the genus
Mentha (Lamiaceae): being represented in Spain for
13 taxa (including hybrids), only 17 samples are
preserved ex situ representing four species (none of
the hybrids are preserved ex situ). This is quite
paradoxical given the commercial importance of these
species and hybrids as MAP. The genus Mentha is

an important Crop Wild Relative (CWR) and well-
known as a MAP species, being commonly used in
pharmaceutical, chemistry, cosmetics or alimentary
products [3] among others, due to its essential oils,
antiseptic effects and antioxidant substances [1]. 

Species-environmental models are based on the
assumption that the distribution of a species is
determined by its environment (niche). Bearing in
mind the shape of response of species to an
environmental variable (usually termed an
environmental gradient) is central to any predictive
modelling effort. Most ecological textbooks present
the response as a unimodal, symmetric bell-shaped
curve. Niche theory is based on this assumption so
both the fundamental and realized niches of a species
are bell-shaped symmetric curves. It also assumes
that maximum abundance occurs at the optimum for
the fundamental niche and decline towards peripheral
areas. Species growing at the edge of environmental
gradients often have different morphological
characteristics [9], physiological abilities [5] and
greater genetic structure [2,4].

From the perspective to maximize the
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preservation of genetic diversity it should be
collected both in the optimal areas of each species
and where the species occurs in extreme situations.

Defining a practical approach to select which
populations of a particular species should be
collected is a major imperative subject in biological
conservation. Resources are limited and the number
of species and populations are huge. So: Can we
define a protocol to select from a numerous set of
localities which ones should be included in a gene
bank?

Materials and Methods

We focus this survey on the native species
distributed in Spain. This genus is represented in
Spain by seven species and eight hybrids. Natural
hybridization between species is frequent and leads
to a great morphological variability and phenotypic
intermediates. We followed the latest taxonomical
revision of the genus Mentha for the Iberian
Peninsula [8].

Species occurrences were collected from 4.200
records provided by several institutions with Spanish
records on Mentha spp. (accessed through GBIF Data
Portal, www.gbif.es, 2010-02-17). These records were
geo-referenced using GEOLocate version 3.0
(http://www.museum.tulane.edu/geolocate). 

The methodology applied involves the use of
Geographic Information System tools (GIS), based on
species presence data taken from herbarium records
and geo-referenced before being incorporated to a
GIS. We used Worldclim environmental and relief
layers to identify the most extreme, as well as the
populations close to the optimum environment for
each species. This data set had been used in previous
studies of plant distributions [6] and represent annual
trends, seasonality and extreme or limiting
environmental factors. A set of 56 variables were
included in the analysis. All variables were
continuous quantitative. All the available maps were
referenced to a single base map, and converted to the
format of the GIS software Idrisi (v.14.0.2,
Kilimanjaro, Cark Labs 2003).

To reduce the number of variables, a correlation
matrix and Principal Component Analysis (PCA)
were performed. PCA allows redundant data to be
compacted into fewer dimensions that are
noncorrelated and independent and are often more
readily interpretable than the source data [7].
Statistical approach was performed with the software
Statistica 6.0. (StatSoft, Inc.). Once we obtained the
reduced set of variables for each species, the target
values (minimum, maximum and average) were used
to identify target populations.

Results and Discussion

A reduced set of 24 variables were selected after
PCA considering all the species. The number of
selected variables varies from 4-8 depending on the
species (Table 1). Edge target values (minimum and
maximum) were obtained from the response of
selected variables and the plants records. Optimal
range amplitude was adjusted in each case to select
at least five populations as collecting target (Table
1).

The results indicate that the species whose
populations have higher environmental range values
are M. aquatica and M. pulegium. The intraspecific
approach to priorize populations emphasizes the
importance of collecting plant material in the
province of Almeria (SE Spain) due to the presence
of at least four taxa populations in this province.
Results also show that sampling in Galicia (NW
Spain), will increase the collection in three taxa.
Other provinces of interest include Málaga, Granada,
Cordoba (all in the South of the country) and Girona
(NE Spain) to complete the collection with the
species M. cervina, M. arvensis and M. spicata.
When the aim of the curator is the whole genus, a
summary of those maps is needed. Figure 1
illustrates the collecting places for the full genus in
order to minimize travels and maximize the
complementarity of different taxa. Three areas are
characterized by a high coincidence of taxa with
target values, the valley of Guadalquivir (SW),
Girona Province (NE) and Majorca (Balearic Islands).
On the other hand, when we look at the amount of
target values founded within a grid of 10 by 10 km,
these areas are kept as hot spots but new ones
emerge (Figure 1). Thus, this strategy will permit to
design a stratified sampling method to maximize the
genetic diversity collected, minimizing the field
effort.

This protocol represents a significant reduction
in terms of collecting places and financial cost. It has
reduced collection from more than 4,000 records to
just 135 places that must be collected. This
procedure allows to simplify from more than 600
entries to just 15 selected places (such as M.
longifolia or M. suaveolens) where the species is at
its optimum as well as to identify populations under
greater environmental stress. This guarantees that we
are covering the environmental diversity of all taxa
of the genus Mentha in Spain.

The main advantage of this method is not only
the optimization of resources and collection processes
but also that it can be applied to other species and
other territories.
This study is promoted by REMEDINAL (S-
0505/AMB/0335).
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Fig. 1: Summary map with all the Spanish Mentha species with target values. The size of the symbols is
proportional to the amount of target values for each species.

Table 1: Optimal range of selected variables after PCA. The optimal range was adjusted to identify at least five populations for each variable to locate target populations. Only
variables above the threshold of 0.7 of absolute value in the first axis were considered. 

Variables M. cervina M. pulegium M. aquatica M. arvensis M. longifolia M. suaveolens M. spicata M. aquatica × M. aquatica × M. longifolia ×
M. arvensis M. spicata M. suaveolens

Alt 70.1±0.87 69.44±1.39
tmin1 0.62±0.05
prec1 71.5±0.18 59.18±0.2
prec3 58.44±0.17 56.74±0.34 60.45±0.51
prec4 59.18±0.18 67.13±0.11 59.48±0.1 58.19±0.33 63.64±0.66 64.24±0.2
tmax5 21.74±0.02 19.28±0.02 19.84±0.03
prec5 53.79±0.26 65.39±0.13 71.61±0.18 54.8±0.1 60.62±0.18
prec6 35.82±0.31
tmax7 26.42±0.02 26.61±0.1 25.76±0.03 29.54±0.02 27.72±0.03
tmin8 13.06±0.02
prec8 12.63±0.16
prec9 59.29±0.12 51.74±0.55 47.18±0.26
prec10 78.88±0.13 66.76±0.59 64.24±0.27 77.18±0.61 72.7±0.71
bio2 8.88±0.05
bio4 540.4±0.5 599.8±0.4 595.2±3
bio6 0.62±0.05
bio8 9.16±0.03 11.41±0.11
bio9 20.53±0.16 22.52±0.04 16.78±0.15 16.08±0.22
bio10 20.99±0.06 20.32±0.04
bio12 722.2±1.7
bio13 86.91±0.18 78.79±0.34
bio14 19.08±0.13
bio15 38.94±0.27 54.7±0.14
bio18 69.44±1.39
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