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Glossary
Definitions in the Council Directive 1999/105/EC of 22 December 1999 on
the marketing of forest reproductive material

Reproductive material means any of the following:
(i)

Seed unit: cones, infructescenses, fruits and seeds intended for the
production of planting stock

(ii)

Parts of plants: stem cuttings, leaf cuttings and root cuttings,
explants or embryos for micropropagation, buds, layers, roots, scions,
sets and any parts of a plant intended for the production of planting
stock

(iii) Planting stock: plants raised from seed units, from parts of plants, or
from plants from natural regeneration

Basic material means any of the following:
(i)

Seed Source: Trees within an area from which seed is collected

(ii)

Stand: A delineated population of trees possessing sufficient
uniformity in composition

(iii) Seed Orchard: A plantation of selected clones or families which is
isolated or managed so as to avoid or reduce pollination from outside
sources, and managed to produce frequent, abundant and easily
harvested crops of seed
(iv)

Parents of Family: Trees used to obtain progeny by controlled or open
pollination of one identified parent used as a female, with the pollen
of one parent (full-sibling) or a number of identified or unidentified
parents (half sibling)

(v)

Clone: Group of individuals (ramets) derived originally from a single
individual (ortet) by vegetative propagation, for example by cuttings,
micropropagation, grafts, layers or divisions

(vi)

Clonal Mixture: A mixture of identified clones in defined proportions.
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1. Summary
As a result of climate change the presently used deployment areas for forest reproductive
material (FRM) may not be the optimal in the near future. One way to address this problem
is assisted migration (AM), which is defined as the human assisted movement of species in
response to climate change. To estimate the optimal rate of transfer to be recommended,
data from provenance trials can be used. Numerous provenance trials have been
established during the last century for many tree species. The response of the provenances
to a transfer is the result of a combination of genetic change and phenotypic plasticity. On
the other hand, the effects of a transfer on phenology, pests and diseases as well as
perturbations are not covered well by provenance trials. In order for assisted migration to
be functional in Europe it is important that transfer of FRM can be applied without
bothering political borders. Moreover, phenotypic plasticity is a relevant criterion to be
considered, but the adaptive/neutral/non-adaptive nature of plasticity for each trait or
groups of traits must be taken into account. It is very important that climate data on the
smallest resolution available is used, and that also the most sophisticated climate change
scenarios are used.

This paper presents three practical examples on the use of data from provenance trials for
the definition of future deployment areas for FRM in Europe.

2. Introduction
2.1 General background
Commercial forest stands or plantations are often regenerated artificially, using
reproductive material from selected seed stands, seed orchards or vegetative propagated
material (clones) as, for example, in poplars. Natural regeneration relies on genetic
material that is already available on a particular site while artificial regeneration, using
seeding or planting, typically involves transferring forest reproductive material from other
locations to the site. For commercially important forest tree species it is important that
the forest reproductive material (FRM) used is well adapted for the area where it is been
deployed. It should show high production while maintaining a low risk for biotic or abiotic
stress effects. For example, in Finland the forestry law requires that forest owners can
establish a forest only using seed or plants that are suitable considering origin and other
characteristics to the area to be reforested (Finnish forest law, 2014 ). FRM is usually
adapted to the area where the source (Forest Basic Material, thereafter FBM, see Glossary)
is from. In some cases, however, when conditions change or because the original source is
not indigenous, local material may be not well adapted to the site and, eventually, may be
unable to cope with climate change (Richter et al., 2012).
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Towards the end of the 19th and the beginning of the 20th century, seed of forest trees
was transferred across Europe without any regulations. Substantial amounts of Scots pine
seed and cones were imported into Germany from Belgium, France, Austria, Hungary and
Russia (Lüdeman, 1961). In Sweden and Livonia (present-day northern Latvia and southern
Estonia), poor results were experienced with seed from central Europe, particularly seed
from ‘Pfälzer’ pine from southwest Germany, which since then gained a bad reputation
(Langlet, 1938; Kurm et al., 2003). Another relevant example from Southern Europe is the
extensive frost damage in Maritime pine plantations in France from Iberian sources that
made French authorities to ban the import of FRM from warmer Spanish provenances and
all Protuguese provenances (2005/853/EC). Moreover, high pest attack and low survival of
exotic black pine subspecies (Pinus nigra Arn) in Spain and southern France started raising
concern about the better adaptation of autochthonous subspecies and provenances (Isajev
et al., 2004). All these experiences underline the importance of choosing the appropriate
basic material.
In order to ensure good general adaptation in combination with good growth (and possibly
superiority in other quality characteristics of commercial interest), deployment areas are
defined for each FBM (selected stand, seed orchard or clone). The range of such
deployment areas in Europe is defined mainly by climatic parameters. In the temperate
and boreal areas, as well as in alpine regions, temperature is the major climatic factor,
whereas in central and southern Europe water availability (affected by both precipitation
and temperature) is equally or more important. In the temperate and boreal areas in
Europe, climate warming will result in a shift of the deployment areas for FRM mainly in
south to north direction or from lower to higher elevation in alpine regions ( Sykes &
Prentice, 1995). In Southern Europe, to avoid drought, the deployment areas should be
shifted also northwards and/or towards higher altitude, although climatic gradients are
generally less evident in Mediterranean regions compared to Northern Europe (Gonzalo
2010).

2.2 Assisted migration: concept and types
Artificial forest regeneration of commercial species is both sustainable and “profitable”,
and can be an important support to nature. Due to climate change the presently used
deployment areas may not be optimal anymore in the near future. One way to address
climate change in forestry is assisted migration (AM), which is defined as the human
assisted movement of species in response to climate change. AM can be divided into three
modes (Ste-Marie et al. 2011):
Assisted population migration:

The human-assisted movement of populations
(genotypes) within a species-established range in
response to climate change.

Assisted range expansion:

The human-assisted movement of species to areas
just outside their established range in response to
climate change, facilitating or mimicking natural
range expansion.

Assisted long-distance migration:

The human-assisted movement of species to areas far
outside their established range (beyond areas
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accessible via natural dispersal) in response to
climate change.
When defining deployment areas for reproductive material of commercial forest tree
species considering climate change, one is mainly dealing with assisted population
migration. However, at the edges of the species distribution area also some assisted range
expansion may be relevant. Assisted long-distance migration is mainly used for minor
species with a very limited distribution area. Especially in Canadian forestry AM has been
promoted as an effective way for forestry to prepare for climate change, but at the same
time AM has also been criticized (McLachlan et al., 2007; Ste-Marie et al., 2011; Winder et
al., 2011; Beardmore & Winder, 2011; Aubin et al., 2011; Pedlar et al, 2011; Park &
Talbot, 2011; Leech et al., 2011; Pedlar et al., 2012; Williams & Dumroese, 2013). It
should be mentioned that the criticism focuses mainly on the assisted long-distance
migration. It is interesting to notice that only two of the above mentioned papers on AM
even mention phenotypic plasticity (that should indeed be considered, but still too little is
known about it).

2.3 Genetic change vs. phenotypic plasticity. Provenance testing
Adaptation can be due to changes in the genetic composition of the population, or to
phenotypic plasticity. Phenotypic plasticity is defined as the range of phenotypes a single
genotype can express as a function of its environment (Bradshaw 1965). However, not all
plastic changes are necessarily adaptive, they can be also neutral or maladaptive (Alpert &
Simms 2002; Valladares et al 2007).
It has proven difficult to conclusively distinguish whether phenotypic changes induced by a
changing environment are genetically based or the result of phenotypic plasticity, and thus
the relative contribution of genetic change and plasticity in natural or planted populations
are generally unknown (Chevin et al., 2010; Merilä & Hendry, 2013). It is also difficult to
determine the specific environmental factor causing a particular phenotypic/genetic
change. In the context of climate change, increasing temperatures are often coincident
with many other environmental changes that shape phenotypic responses, whether genetic
or plastic. However, overall, it seems safe to conclude that plasticity often makes a strong
contribution to phenotypic trends associated with contemporary climate change (Merilä &
Hendry, 2013).
Because plastic changes can occur within a generation and evolutionary changes
necessarily occur across generations, one prediction is that plasticity may be a more
important immediate response to very rapid environmental changes (Franks et al., 2013).
This is, of course, especially valid for long living plants, such as forest trees. However,
there is still quite a lack of understanding on plastic responses of plants to a changing
environment (Nicotra et al., 2010). The phenotypic plastic reaction of a tree to changes in
environment may be expressed in part of the tree instead of the whole tree (de Kroon et
al., 2005).
The effects of seed transfers have been studied for many forest tree species already since
the beginning of the last century in numerous provenance trials. The first recorded
provenance experiments were established in France at the beginning of the 19-th century
(Callaham, 1964). The aim of these trials was to find the best source of FRM for cultivation
Trees4Future (FP7 284181)
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and tree breeding for the area in which the trials were established (Beuker, 1994). These
trials have shown for many tree species a great adaptability to a wide range of climates
(Beuker, 1994).
For Scots pine many provenance tests have been established (Giertych, 1991). The results
show a significant differentiation in growth among populations with respect to the long
distance transfer of FRM. In general, transfer of northern populations from 57-67⁰N
southwards results in reduced height growth and stem volume (Giertych, 1979; Oleksyn and
Giertych, 1984). At the same time, populations originating from the central part of the
species’ range in Europe grow as well or better than local provenances at northern
latitudes. This indicates that the Central European populations of Scots pine have a greater
adaptability than the northern European populations. Pioneer statistical modelling
approaches have revealed that climate change may lead to short-term plastic responses in
contemporary populations of Scots pine, including large losses in growth and productivity
in the central and southern parts of eastern Europe, modest losses in growth and
productivity along the southern periphery of the species’ distribution in Asia, and gains in
productivity in the northern and eastern part of the distribution range (Rehfeldt et al.,
2002).
At a more modest scale, traditional provenance tests of forest species have also revealed
phenotypic plasticity and population x site interactions for other adaptive traits, namely
wood growth patterns (Martínez-Meier et al 2008), water and carbon usage patterns
(Corcuera et al., 2010; Klein et al., 2013; Lamy et al., 2013) and reproduction (Santos-delBlanco et al., 2013). Plasticity is often assessed across time, rather than across sites,
though. Other traits related to wood quality are also slowly gaining interest as part of
provenance (and other FBM) testing, but there are few experimental sets that allow the
assessment of plasticity for these key traits.
A different type of provenance testing has been recently introduced in a few forest
species, normally at a shorter term: reciprocal transplant experiments (RTEs). Unlike most
widespread provenance tests, RTEs are specifically designed to compare the behaviour of
local vs. non-local sources (Vizcaíno-Palomar et al., 2014). These experiments are normally
more focused in adaptation and climate change effects under an ecological perspective,
but there is increasing interest in this methodological approach applied to productive
forestry and deployment of FRM.

2.4 Dissecting adaptation: phenology, pests and diseases and
perturbations.
One of the better understood patterns of local adaptation in temperate and boreal forest
trees reflect the critical synchronization of the annual growth and dormancy cycle of
populations with their local seasonal temperature regimes (Aitken et al., 2008). It has, for
example, been suggested that climate warming may result in an increase of frost damage
in northern conifers (Beuker et al., 1998) and also in more southern areas (Prada et al.,
2014). In most temperate and boreal tree species the initiation of growth in spring is
determined by temperature, whereas growth cessation, (especially in seedlings) is
determined by night length. Climate change will not alter photoperiodic cues for growth
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cessation and bud set, but may delay the satisfaction of chilling requirements in winter, or
accelerate the satisfaction of heat sum requirements in spring. Assisted migration, on the
other hand aims to minimize the changes in temperature, but will change the photoperiod
environment when the transfer occurs in south – north direction.
One should always keep in mind that climate change is in general expressed as changes in
mean values (annual mean temperature, annual temperature sum, annual precipitation).
However, for plant survival the occurrence and frequency of extreme events can be much
more important, as dramatically shown after the 2003 heat wave across Europe (Clais et al
2005). Also, episodic storms or gales causes huge losses in many areas, making the choice
of FRMs from improved varieties more complex (Gardiner et al 2013).
Another relevant aspect that is not included in the practical examples below is the
occurrence of pests and diseases. Frequency and intensity of existing pests and diseases
may change and actually many new ones have appeared in recent years, partly due to
transfer of infected FRMs throughout Europe. Examples of this are the cases of invasive
Phytophtora (Jung et al., 2015), ash dieback (Drenkhan & Hanso, 2010) or pine wood
nematode (Mota et al., 1999).
Finally, in some European regions forest fires are a permanent matter of concern. While
this aspect has been typically restricted to the Mediterranean region, recent climate
changes have enlarged significantly the fire-risk forest areas
(http://forest.jrc.ec.europa.eu/effis/). Interestingly, ecotypic variation among
provenances is known to include key fire adaptive traits, like bark thickness, early
reproduction or cone serotiny (see for example Tapias et al., 2004) and lack of recruitment
after fire has been traced back to non-adapted introduced FBMs (Gil et al., 2009).

2.5 Geopolitical aspects in deployment of FRMs.
An important aspect is that for many wide spread commercial tree species in Europe,
political boundaries may stay in the way when transferring FRM into the future optimal
deployment areas. Although within the EU a free trade of FRM is guaranteed, it may be
difficult or even impossible for a supplier to define an optimal deployment area for a
source of FRM outside its country of origin. The example below for Scots pine shows how
two countries, Finland and Sweden, develop a common protocol for the definition of
deployment areas, allowing an undisturbed transfer of material. For Norway spruce a
similar development is on its way, covering an even larger area, including Norway and the
Baltic countries.

3. Practical examples
3.1 New deployment areas for Scots pine in Finland and Sweden
For Finland and Sweden new deployment areas are defined for Scots pine. The aim of the
project is to use extensive data from field trials that had become available since the
presently used deployment areas were defined and to include climate change scenarios. In
both countries national regulations require that forest owners use FRM that is suitable for
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the area to be reforested. The presently used definitions for Finland were published in
1999 (Nikkanen et al., 1999). The general definition was that a maximum transfer in
temperature sum is plus minus 100 degree days.
The field data used consists of 48 provenance trials (30 from Finland and 18 from Sweden)
and 330 progeny trials (259 from Finland and 71 from Sweden). These progeny trials
included in total 103 so called check-lots or reference populations (62 seed stands from
Finland and 41 from Sweden). Those check-lots can be considered as provenance transfers
within the progeny trials. From the progeny trials only data from these check-lots were
used in the analyses. All together this resulted in a total of nearly 3000 unique data points.
One shortcoming in the data is that there are only very few cross-country data points
(sources from Finland tested in Sweden or vice versa).
Climate data were obtained from both the Finnish and the Swedish meteorological
institutes (FMI and SMHI respectively). For Finland this data is based on a 10x10 km grid
and for Sweden on a 4x4 km grid. To project the climate for 2050, six regional climate
scenarios, based on the Intergovernmental Panel on Climate Change (IPCC) A1B scenario
were used. Numerous climate parameters were tested in the statistical analyses (e.g. 1)
precipitation, both annual and seasonal, 2) daily mean temperature, annual, monthly and
seasonal, 3) start, end and duration of the vegetation period, 4) temperature sum during
vegetation period)
Two separate transfer functions were generated, one for survival and one for height
growth. In both of those models the temperature sum during the vegetation period showed
to be the only significant climate parameter. Other significant parameters are latitudinal
transfer distance, altitude and establishment year (Berlin et al., submitted).
Based on the results of both these two functions the deployment areas for seed lots and
seed orchards are defined (Ruotsalainen et al., manuscript). Because survival is important
especially during the juvenile stage of a newly established tree stand, the temperature
sum according to the present climate was used in the survival function, whereas in the
growth function the temperature sum projected for 2050 was used. An overview of the
project is given in figure 3.1.1.
For each 10x10 km grid over Finland the survival and height of the local regeneration
source was estimated. For each possible seed source (e.g. seed orchards) also the survival
and height was estimated for each grid using the generated functions. For seed orchards a
kind of functional latitude was calculated from the mean of the latitudes of the plus trees
from which grafts are included in the orchard and the latitude of the orchard itself:
X = a*latitude(plus trees average) + (1-a)*latitude(seed orchard)
Where X is the functional latitude and a is the contribution of the seed orchard clones to
the seed crop. For newly established orchards it is assumed that nearly all pollen comes
from outside, in which case a=0,5 . For orchards in full production it is assumed that about
50% of the pollen comes from outside. In that case a=0,75.
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Figure 3.1.1: overview of the project

A production index is calculated from the growth and survival functions, also including an
estimated breeding gain (for seed orchards) and a patchiness function that takes into
account that growth is related to survival through competition. This production index is
related to the production index of a local, non-improved, seed source, which is calculated
using the same functions. Figure 3.1.2 shows for four hypothetical seed orchards with
origin at respectively 610,630,650 and 670 N the calculated relative production index plotted
against latitude. The relative production index is 1 when the production of the seed
orchard is as good as that of the local seed source. The figure shows that for seed orchards
in southern Finland the optimum utilization area is nearly 10 north of the location of the
orchard, whereas for the northern most orchard the optimum utilization area is about 0,50
to the south. These results are in agreement with the results from Scots pine provenance
trials.
The deployment areas can now be defined by comparing for each 10x10 km grid the
production index of the seed sources with that of the local source, using different
thresholds (the seed source should produce at least as good as, or a certain percentage
better than the local source). For the example in figure 3.1.2 the threshold for the
production index for the utilization areas for the seed orchards was set at 1,1. This means
that the production of the seed orchard material should be at least 10% better than that of
the local seed source. This is the threshold used for the first generation of Scots pine seed
orchards in Finland. Figure 3.1.3 shows the deployment area of a hypothetical seed
orchard based on the 10x10 km grid plotted on a map.
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The aim is to have the new deployment areas for Scots pine to come into force during
2016. In addition there are plans to develop also for Finland a decision making tool for
Finnish forest owners to select the best suitable source of FRM for their specific sites, like
the Plantval tool that is already available for Sweden (Berlin et al., 2014).
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Figure 3.1.2: The relative production index plotted against latitude of four hypothetical
seed orchards (origins at respectively 610,630,650 and 670 N), compared to the production
index of non-improved local seed sources.

An important difference between Finland and Sweden is that Finland has relatively little
variation in elevation, and the isotherms run in an east-west direction, whereas in Sweden,
due to the mountains in the west, they run in a north-south direction. This means that in
Sweden one can transfer material into a different temperature climate without changing
the photoperiod, whereas in Finland this is not possible.
The co-operation for this project between SkogForsk in Sweden and Metla (presently the
Natural Resources Institute Finland Luke) in Finland was initiated under the umbrella of
the EU 7th framework project Noveltree (2008-2012). We acknowledge Mats Berlin and
Bengt Andersson Gull for their work on the transfer models.
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Figure 3.1.3: Deployment area (green) of a Scots pine seed orchard (red mark) in Finland.
The origin of the clones that are included in the seed orchard are marked with black dots.

3.2 Niche-based models of species climate envelopes in Spain
The EU system for forest species is applied to 47 species (or genera) in all the European
countries when used for forestry purposes, but the countries can regulate additional
species in their territory, e.g. Spain has added 20 Mediterranean species. Therefore, some
general principles for deployment of FRMs for all those species are necessary, even when
the level of information might be quite different for each one of them.
In the following example from Spain, we defined six criteria and 14 indicators for the
election of FRM of the identified and selected categories that can be flexibly implemented
for a high number of species with different levels of information. To make a comparison
among different and contrasting situations we apply these criteria and indicators to 56
species under regulation in Spain with different levels of genetic and ecological
knowledge.
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3.2.1 Material and Methods
Species’ distribution data are available for 56 forest species, regulated by the EU Council
Directive 195/99 and the Spanish RD189/03 on the marketing of forest reproductive
material. Maps indicating the presence/absence of the species are based on the last
Spanish National Inventory and the Spanish Forest Map. We have distinguished among
natural populations and plantations. The natural distribution of each species is classified
according to its region of provenance (Alía et al., 2009).
Fifty-seven deployment regions (DR) were established for Spain based on an ecological
classification (Alía et al., 2009; García-del-Barrio et al., 2000; García del Barrio et al.,
2004). All this information (natural distribution, plantations, regions of provenance, and
deployment regions) have been transformed in presence/absence data using a 1 x 1 km
grid.
For each point of the grid, climate data corresponding to the 1961–1990 period were
obtained using two different climatic models for the Iberian Peninsula (Gonzalo, 2010),
and for the islands (Hijmans et al., 2004). The variables included mean annual
precipitation (P), winter precipitation (WP) and summer precipitation (SP), mean annual
temperature (T), minimum temperature of the coldest month (MTC), maximum
temperature of the warmest month (MTW), growing degree days (t>5°) (DD), total number
of months under frost (t<0º) (F), duration of the drought period in months (P<2T) (DP).
These variables were chosen because of their strong link with the physiology and growth of
plant species (Bartlein et al., 1986; Prentice et al., 1992) and most of them have been
used for modelling niche distribution of different forest species in Spain (Benito-Garzón, et
al. 2011). For instance, MTC discriminates species based on their ability to assimilate soil
water and nutrients, and continue cell division, differentiation and tissue growth at low
temperatures (lower limit), and chilling requirements for processes such as bud break and
seed germination (upper limit). Altitude (ALT) was also considered.
Availability of basic material (FBM) was obtained from the National Register held by the
Spanish Ministry of Environment. The classification of endangered populations is based on
studies from different species and it is followed by the National Strategy of Forest Genetic
Resource Conservation.
Niche-Based Models of Species Climatic Envelopes and provenance assignment for each
species following a maximum entropy modelling approach (Phillips et al., 2006) employing
the MAXENT Software was used to obtain the area predicted for each of the different
species. Species with less than 20 points were not considered - this was the case for three
species. We obtained for each grid point the logistic probability of each species’ presence.
For each climate change scenario, models relating species distributions to the nine
bioclimatic variables were fitted by using MAXENT and projected into the future. As a
background environmental file, we used half of the data grid points. The projection was
made to all the points of the grid. We obtained the response curves for each variable, and
the importance of each environmental variable (jacknife method).
To establish the assignment to the region of provenance, points with logistic probabilities
of occurrence higher than 0.4 were considered. The probability of assignment to each of
the regions of provenance was established according to a multi-normal distribution based
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on the same climatic variables. The average probability for each deployment region and
region of provenance was computed.
We established five criteria and eleven indicators for election of FRM and three sets of
complementary information (availability of FRM, protected areas, commonness of the
species).

3.2.2 List of criteria and indicators
Criteria 1. Species suitability.
Indicator 1.1: Species presence: Percent of the total area of the deployment zone
with presence of the species.
Indicator 1.2: Importance for the species: Ratio of the area of the species in the
deployment zone to the total area of the species in the distribution range.
Indicator 1.3: Actual Climatic suitability: Ratio to the total number of grids of the
Deployment Region predicted as suitable according to the niche model under
present climatic conditions.
Indicator 1.4: Future Climatic suitability: Ratio to the total number of grids of the
Deployment Region predicted as suitable according to the niche model under future
climatic conditions.
Criteria 2. Provenance suitability
Indicator 2.1: Local provenances: Area (in percent) occupied by each local
provenance respect to the total of the species.
Indicator 2.2: Provenances recommended by climate suitability: Regions of
provenances suitable for each Deployment Region, according to the niche model.
Indicator 2.3: Reproductive Material being used. List of reproductive material used
for afforestation within a Deployment Region based on afforestation and seed
supply records.
Criteria 3. Conservation
Indicator 3.1: Endangered local populations: identify populations in the
deployment region that could be treated by use of forest reproductive material
(introgression, hybridization, small population size among others).
Indicator 3.2: Hybridization with “local” material: Risk of hybridization with local
material, to apply special measures by the user to prevent hybridization.

Criteria 4. Regional Recommendations
Indicator 4.1: Regional Recommendations. Recommendations established, if any, at
the regional level by the different Autonomic Authorities.
Criteria 5. Genetic Diversity and Performance
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Indicator 5.1: Genetic Diversity and Performance in comparative test: level of
genetic diversity and performance in comparative traits.
Complementary information 1. Availability of Base and reproductive material
Indicator 6.1: Basic Material: For each category and region of provenance the basic
material included in the National Register of Basic Material.
Indicator 6.2: Reproductive material: List of providers of reproductive material for
checking availability.
Indicator 6.3: Alternative Regions of provenance: alternative regions of
provenance, in case you cannot obtain the desired ones based on climatic
similarities.

Complementary information 2: Protected areas: protected areas in the region to check
for limitations of use or for establishing special measures.Results
We have implemented a system for 56 species under regulation in Spain on forest
reproductive material.
The information on climatic suitability of the species is available in a SIG application (see
https://sites.google.com/site/sigforestspecies/home/recomendaciones-de-uso-1).
For example in Figure 3.2.1 we represent the distribution and climatic suitability of Scots
pine in the different Deployment zones.
Complementary information 2: Protected areas: protected areas in the region to check for
limitations of use or for establishing special measures.Results
We have implemented a system for 56 species under regulation in Spain on forest
reproductive material.
The information on climatic suitability of the species is available in a SIG application (see
https://sites.google.com/site/sigforestspecies/home/recomendaciones-de-uso-1).
For example in Figure 3.2.1 we represent the distribution and climatic suitability of Scots
pine in the different Deployment zones.
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Figure 3.2.1. Distribution range and climatic suitability of Scots pine. Yellow areas
correspond to present positive climatic suitability; pale green areas correspond to present
distribution.

Figure 3.2.2. Example for Scots pine (code 21) in several Deployment zones (1 to 10).
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For each species, all the information concerning the different criteria and indicators have
been summarised in an excel table (see example in Figure 3.2.2), where some of the
Indicators are coded (0-3) where 0 indicates absence/no suitability or no data available.
In the example included, for the Deployment Zones no. 1 to 3, the species is not suitable
for the area (Ind. 1.2) or has a limited number of sites where the species can be used (Ind.
1.3). We cannot recommend any material for these deployment zones.
The Deployment Zone no. 4, has a very limited area where the species can be used (Ind.
1.3). No local material exits (Ind. 2.1), but the Region of Provenance 3 has a strong
climatic suitability Ind. 2.2). In all these four Deployment Zones (1-4), no local material is
present, and therefore, there are no considerations for conservation of forest genetic
resources (Ind. 3.1, Ind. 3.2).
The Deployment Zone no. 5, has two different local regions of provenances (lnd. 2.1). Both
are strongly recommended based on climatic conditions, and also provenances from
adjacent areas could be used with a minor suitability (Ind. 2.2). It is quite controversial
that recommendations established by the Regional Authorities are based in another
provenance, that according to our results are not climatically suitable. In this case, due to
the existence of local provenances of a reduced area, we recommend to check the effects,
if any, of the afforestation in the conservation of genetic resources of the local material.
At this stage, although there are some provenance trials of the species in Spain, we cannot
suggest any information concerning this indicator. Similar recommendations could be
obtained for the other Deployment Regions included in the Figure.
It is clear, that the final decision should be based in a careful balance among all the
indicators, depending on the final objective of the afforestation.

3.3 Example from Atlantic planted forests – the REINFFORCE network
of arboretums
In planted forest the natural dynamic is over-passed by the manager choices. It is common
to introduce improved material after a clear-cut by planting a totally new population. This
new population can have totally different phenotypes and be selected on totally different
traits than the previous ones. In this context there is a need to have an accurate
knowledge of plasticity of species/provenances/clones (Teskey et al., 2015), to make sure
that the planted material will cope with actual but also the future climate.
As explained before, so far most of the assumptions on species adaptation are based on
mean values, making climatic envelopes, but some special extreme conditions or
soil/climate/genotypes interactions may occurs in a given site leading to totally
unexpected conclusions.
Assuming that modeling and knowledge about future climate on site will improve and get
more and more accurate over time, the REINFFORCE partners working on planted forests
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designed a research infrastructure to improve knowledge about plasticity of genetic
material commonly used in European oceanic climate.

REINFFORCE: Tree species selection and provenance
The tree species and provenances selection process for the arboreta has been described in
a technical report available online (http://reinfforce.iefc.net/). The focus was on species
with an economical interest that can cope with actual and future oceanic climate in
Europe. A first list of species was drafted using expert knowledge, consulting all the
scientists from all project members. From this list of 174 species a first screening was done
by experts, where a subset of 101 species considered of interest was extracted. Based on
the scientific literature, 70 cards describing ecology and interest of some of the tree
species were drafted. The data collected during this reviewing was coded into a decision
support tool, resulting in the selection of 35 species of interest for climate change studies.
Some additional consideration on seed availability, seed germination and local interest
resulted in the following species list (Orazio et al., 2013 ; Christophe Orazio et al., 2012).

Site selection criteria
The trials are installed on areas of 2 hectares as flat and as homogenous as possible. Some
of the trials are installed in private properties where forest owners offer to use the land
for free. Other trials are planted in properties owned by communities or foundations. The
capability of the local manager to maintain the trial clean and over a long period of time
was also part of the selection criteria (Orazio et al., 2013).

Number of trees per species
On each site, for each species there is a minimum of 12 trees from 3 provenances. (Orazio
et al., 2013). As an option, additional provenances could also be installed by partners
having a specific interest on a specific species. All the trees of a given provenance are
coming from the same seed-lots and grown in the same nursery.
Species

Origin

Acer pseudoplatanus

Spain, Switzerland, UK, France, Slovakia, Croatia, Hungary

Betula pendula

France, Slovakia, UK, Poland

Castanea sativa

France, Spain, Italy, Turkey

Calocedrus decurrens

USA

Cedrus atlantica

France, Algeria

Cedrus libani

Turkey, Lebanon, Cyprus

Cunninghamia lanceolata

China

Cupressus sempervirens

France, Italy, Turkey, Spain

Ceratonia siliqua

Italy, Croatia, Spain

Eucalyptus nitens

Australia, New Zealand

Eucalyptus globulus

Australia
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Eucalyptus gundal

France

Fagus orientalis

Turkey

Fagus sylvatica

Spain, France, Slovakia

Larix decidua

Slovenia, France, Slovakia, Hybrid European-Japanese ( Lavercantière
and Truust Danish seed orchard and REVE-VERT)

Liquidambar styraciflua

USA, Italy

Pinus brutia

Crimea, Turkey, Cyprus

Pinus elliottii

USA

Pinus caribea var honduriensi

Colombia

Pinus peuce

Bulgaria, Macedonia

Pinus nigra subsp. laricio and salzmannii

France, Spain

Pinus pinaster

France, Morocco (French seed orchard), Portugal, Spain

Pinus pinea

Spain, Italy, France, Portugal

Pinus ponderosa

USA

Pinus sylvestris

Spain, Slovakia, Turkey, Portugal, UK, France

Pinus taeda

USA

Pseudotsuga menziesii

USA, France

Quercus ilex

Spain, Croatia, France, Italy

Quercus ilex subsp. rotundifolia

Portugal, Spain, France

Quercus petraea

France, UK, Spain

Quercus robur

France, Spain, Poland, Italy, UK, Croatia

Quercus rubra

France, Spain

Qercus shumardii

USA

Quercus suber

Portugal, France, Spain, Italy

Robinia pseudoacacia

Hungary, Bulgaria, Romania, Slovakia, Macedonia, Turkey

Sequoia sempervirens

USA

Thuja plicata

USA, Canada

Table 3.3.1 : Origin of material used in REINFFORCE project. Dynamic map available on
http://www.iefc.net/?affiche_page=projet_REINFFORCE_arboreta&langue=en

Benefit of replicated species to assess site heterogeneity
In most of the sites, the 12 trees of the same provenance are planted together to simplify
monitoring; only on very heterogeneous sites, blocks of 12 trees are split in two. The site
heterogeneity assessment is done using four species: Pinus pinaster, Betula pendula,
Cedrus atlantica and Quercus robur. These 4 species are planted together in three parts of
the site to valid the hypothesis that site characteristics are homogenous all over the
arboretum (Orazio et al., 2013).

Tree plantation and arboreta patterns
To simplify monitoring and visits of the trials, and to avoid competition between fast
growing species and slow growing species, all the seedlings have been installed following
nested schemes:
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- broadleaves on one side and conifers on the other side
- within broadleaves: oaks and non-oaks
- within conifers: pines and non-pines
In addition to this standard design, on the extremities and in the middle of the arboreta,
we find the replicated species. An online description sheet provide up-to-date details
about for each individual arboretum setup (Orazio et al., 2013), example for arboretum
AR01 can be consulted here :
http://www.iefc.net/?page=activites/REINFFORCE/arboreta/affiche_arboretum.php&id_si
te=AR01&langue=en

Figure 3.3.1 : Map of REINFFORCE arboretum AR06 in France
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Figure 3.3.2 : map of REINFFORCE sites location

As a result it is more than 150,000 seedlings that have been installed in a network of
arboreta spread over a gradient of climate varying of 6°C in mean temperature from north
of UK to south of Portugal. This infrastructure will provide key information about intra
specific variability and plasticity of the main species with commercial interest for the
oceanic climate. From the monitoring of the growth and health of this species under a
large range of climates, it will be possible to validate existing models, assess the
environmental impact and provide recommendation for deployment of the most
appropriate material.
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4. Conclusions and recommendations
1.

Whenever possible the deployment areas of forest regeneration material should be
defined using data from transfer experiments on a large geographical range
(relative to the species distribution), using as many data entries as possible with
known origin (latitude, longitude and altitude). A minimum requirement is that
data is available on survival and growth, but any data on other relevant traits, such
as reproduction, resistances, etc. should also be considered when available. Usually
such data is available only for tree species that are of wide commercially interest.

2.

From species of lesser commercial importance usually lesser empirical data from
provenance experiments is available. In such cases niche-based models, such as
presented here for Spain, may provide a solution.

3.

For both cases it is very important that climate data on the smallest resolution
available is used, and that also the most sophisticated climate change scenarios are
used.

4.

The Parties shall in accordance with domestic law take into consideration
indigenous and local communities’ customary laws, community protocols and
procedures with respect to traditional knowledge associated with Genetic
Resources. As a result of predicted climate change in the future transfer of FRM
over larger distances, especially in a northern direction are foreseen. Because of
this it becomes more and more important to provide deployment recommendations
over political boundaries, for example at a regional, or may be even at a European
level. The Scots pine deployment recommendations for Finland and Sweden are a
good example of this. For Norway spruce similar recommendations are being
developed for a larger area, including also Norway and the Baltic countries.

5.

In order to keep a broad genetic diversity to enable adaptation to climate change it
is very important to keep large breeding populations. Whenever possible also
phenotypic plasticity should be a criterion for breeding populations but the
adaptive/neutral/non-adaptive nature of plasticity for each trait or groups of traits
must be taken into account.

6.

Continuation of provenance research under climate change is necessary to have
reliable basis for formulating practical recommendations. Especially reciprocal
transplant experiments could provide in a relatively short time information on rates
of local adaptation and adaptive phenotypic plasticity.
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