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Abstract - This report is a synthesis of information from the national reports, prepared as part of the COST Action FP1202 Strength-
ening conservation: a key issue for adaptation of marginal/peripheral populations of forest trees to climate change in Europe (MaP-
FGR). The individual national reports can be found as part of the supplemental data to the COST action. The data compiled in this
report indicate that the Atlantic area has sufficient resources in terms of knowledge and capacity to assess the potential impact of
climate change on marginal and peripheral (MaP) sites within the area. Maps of vegetation, soil, climate and climatic predictions
are publicly available for most countries and often are of high quality and resolution. These can be utilized to help identify MaP sites
and populations in the Atlantic area. In addition, some species have been characterized genetically and the genetic data can also
be utilized to identify and characterize sites. However, genetic data is not universally available and in particular may be absent for
peripheral sites. There are many data sources for phenotypic traits, such as data from provenance trials but these have not been
assessed for MaP populations. There may not be sufficient legislative capacity for the conservation of MaP populations in compari-
son to, for example, annex habitats of the EU Habitats Directive. Although some of the MaP sites lie within Natura 2000 boundaries,
many are not in protected areas. If MaP populations are not characterized and conserved there is a risk of losing traits that may be of
potential in adaptation to climate change. A detailed spatial analysis incorporating all of the data is needed to give a comprehensive
assessment of the potential threats to MaP populations in this area.

Keywords - Forest genetic resources; forest tree marginal populations; MaPs; marginality; Cost Action FP 1202 MaP FGR.

Geographical characteristics of the Region

Extension and borders

For the purposes of this report the Atlantic Area
of Europe covers countries that are most influenced
by the Atlantic Ocean. It is the western seaboard of
Europe from Spain in the south to Norway in the
north. It includes parts of Germany in the east to
Ireland in the west. The area corresponds to the
Atlantic floristic region for Europe. The Atlantic
area is discussed in a broad and general sense in
this report and is supplemented by details from the
national reports. The countries covered include; Por-
tugal, Spain, France, The United Kingdom, Ireland,
Belgium, The Netherlands, Germany, Denmark and
Norway. However, the report is not an exclusive
account of the Atlantic area as it includes data
from all parts of the countries included, not just the
Atlantic areas.

Orography

A shallow shelf extends along much of the
western European coast. The highest mountains
present in this area are located at national borders,
for example, the Pyrenees between Spain and

France. Mountainous areas are a dominant part of
the landscape in the North of Spain, to a certain
extent along the west of Ireland and Scotland and
along the western fringe of Norway.

Human presence

The area is a mix of the most heavily populated
regions in Europe, such as France, the UK and
Germany and some of the least populated regions
such as in Ireland and Norway. There is a long his-
tory of human impact, including deforestation, and
the coasts along the Atlantic region were routes of
Viking colonization. The area is often referred to as
the Celtic fringe in a biogeographical context. Some
of the least forested regions of Europe occur in the
Atlantic area, including Ireland and coastal parts of
France, the UK and the Netherlands.

Geographic barriers to gene flow

The main geographic barrier to gene flow in this
area and the most dominant climatic factor is the
Atlantic Ocean. The warmth and northerly direction
of currents in the Atlantic have had a major influence
on post-glacial colonization of trees (Bennett et al.
1991). The currents in the Atlantic result in a prevail-
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ing south-westerly wind direction, thus potentially
impacting wind-borne seed and pollen to flow in a
northerly direction. At the most northern extent of
this area arctic winds will have significant impacts
in limiting gene flow. The rise in sea level during the
most recent glacial retreat resulted in the isolation
of islands and land masses, in particular for the UK
and Ireland (e.g. Devoy 1995). A large scale study
of oaks across Europe has shown that oaks in the
Atlantic fringe form a genetic lineage, thus indicat-
ing the potential for rapid but restricted post-glacial
movement along the western seaboard (Petit et al.
2002, Kelleher et al. 2004 for Ireland).

Other barriers

The varied topography from mountainous re-
gions to lowlands will influence gene flow. This is
particularly relevant in northern regions of Spain
and western regions of Ireland, Scotland and Nor-
way, where there are more mountains.

Ecological aspects

Climatic characteristics of the region and avail-
ability of databases and maps at a regional
level

The main climatic influence on the Atlantic Area
is the Atlantic Ocean. However, there are large dif-
ferences in temperature and precipitation across the
area. For example, the average annual temperature
in the most southern part of the Atlantic Area in Por-
tugal is 16°C, while that in Norway is 1 to 2°C. The
extremes of temperature are even more dramatic
than these averages. The average rainfall tends to
be quite high, generally above 800 mm per annum
and in high elevation coastal regions it can be above
1,600 mm (EEA 2012). According to the climatic
stratification of Metzger et al. (2005) the Atlantic
area considered in this report is composed of four
main climatic strata; the Lusitanian, Atlantic Central,
Atlantic North and Alpine North. This is an indica-
tion of the heterogeneity of the area. Most of the
countries within the Atlantic area have undertaken
research on mapping of climatic characteristics
and databases and maps are available online or in
selected publications (see individual country reports
for details).

Soil characteristics and availability of databas-
es and maps at a regional level

Similar to the climatic mapping, the coverage of
soil maps across the Atlantic area is also good. Most
countries have online soil maps at various scales
(see individual country reports for details).

Possible future modifications due to climatic
change

Climate change models predict significant
changes across this area, which will bring challenges
and opportunities to the Atlantic area, as with other
regions. In particular the southern areas will be most
affected by increases in temperature (e.g. [IPCC
2007). The prediction is for a decrease in rainfall
for the southern parts of Europe and increases in
the northern parts. Another potential vulnerability
in the Atlantic area is species on coastal mountains.
These species are likely to be impacted by increased
temperatures and thus increased competition with
other species. One major influence that is difficult
to predict is the increase in extreme events such
as storms, which have shown an increase since the
1970s in the North Atlantic (IPCC 2013) and are
predicted to increase in frequency into the future
(Haarsma et al. 2013). Although there is a large de-
gree of uncertainty involved in predicting storms,
increased flooding is predicted with a high degree
of confidence (IPCC 2013).

Parts of the Atlantic area of Europe, in particular
western oceanic regions such as Ireland, are likely
to benefit from climate change in some aspects due
to an increase in the length of the growing season
arising from increases in temperatures (Menzel and
Fabian 1999). For example, phenological records in
Ireland over the last 30 years show an increase in
the length of growing season by 5 days due to earlier
spring and later autumn (Donnelly et al. 2006).

Vegetational aspects

Diffusion of forests

Following the last glacial maximum, tree migra-
tion in the Atlantic region was quite rapid (Hewitt
1999). Pollen records indicate a rate of migration
for many tree species between 50 — 500 m per year
and this slows as the trees moved northwards
(Bennett et al. 1986). The resultant spatial genetic
pattern for oaks in this area indicates a combina-
tion of long distance travel through vectors such
as birds followed by localized dispersal of these
pioneer individuals (Lowe et al. 2005). However, in
comparison to today there was a lack of competition
during the initial phases of post-glacial migration.
The post-glacial landscape was a tabula rasa for
species colonization. Today the landscape is oc-
cupied by more stable vegetation, is managed for
agricultural or is urbanized. Migration under current
conditions will be heavily influenced by competing
species and competing land uses. Due to increased
habitat fragmentation the diffusion of forests is also
likely to be impeded. Hedgerows in an agricultural
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landscape can act as a corridor for gene migration
while more intensive agricultural landscapes offer
few migration routes.

Kinds of forest prevalent

In the southern part of the Atlantic area, in Por-
tugal, dry forests, such as Cork oak (Quercus suber)
forests are the dominant forest habitat. Pines, such
as Pinus pinaster are also prevalent in the south-
ern drier regions. Further north, mixed deciduous
forest, including oak forests dominated by Quercus
petraea and Q. robur are more frequent. In lowland
regions with basic soils @. robur forests tend to be
more dominant, while in upland regions with acidic
soils . petraea tends to be more dominant. Beech
(Fagus sylvatica) forest reaches its geographical
limit in the Atlantic area and is not considered na-
tive in Ireland.

For forestry plantation some non-native species
are also used in the Atlantic area. In Britain and
Ireland and parts of France and Denmark Sitka
spruce (Picea sitchensis) is the dominant species
for commercial forestry. Pinus contorta is planted
frequently in Ireland, Britain and Denmark. In Spain
there are Pinus radiata plantations in the north
along the coast. In Portugal exotic eucalyptus spe-
cies (Eucalyptus globulus) are important elements
of the forest coverage, forming 26% of the forest
cover.

Species more common and/or representative
Broadleaf species are most common in the Atlan-
tic area, with oak species probably being the domi-
nant taxa, Quercus suber in more southern parts
and Q. robur and Q. petraea in more northern parts.
Other broadleaves such as Fraxinus excelsior,
Betula spp. and Prunus avium are also common.

Major threats to forests

Habitat fragmentation is one of the biggest
threats to forest areas and forest continuity. The
dominance of agricultural landscapes along the
Atlantic area has led to increased fragmentation of
forests with limited migration corridors for gene
flow. Land use, such as urbanization, is also a sig-
nificant threat to forest habitat.

Forest fires are also an increasing threat, particu-
larly in southern areas, such as Portugal and Spain.

In terms of biotic threats, a major threat for
Fraxinus excelsior in recent years is Ash dieback
caused by Hymenoscyphus fraxineus. This disease
has had amajor impact on commercial forestry of F.
excelsior. Other biotic threats that are of increasing
concern are Phytophthora alni on alder, P. ramo-
rum on oak and P. kernoviae on beech.

Range expansion of introduced exotic species

and invasive species is also a concern, although little
data exists for tree species in this area.

Expected modifications due to climatic change

Changes in forest ranges and forest types are ex-
pected as aresult of climate change, however there
isalarge degree of uncertainty regarding the specific
outcomes. Potential changes include species range
shifts, changes in species composition, biotic fac-
tors such as competition and disease, adaptation
capacity and changes in performance (Kelleher et
al. 2015). Species range shifts are predicted based
on current species envelopes and models of climate
change, a northward expansion and a contraction
in the south is expected for Europe (Kremer et al.
2012). Northward migration in the Atlantic area is
likely due particularly to increases in temperatures.
There is also potential for increased competition
with species migrating from central Europe to
coastal areas. Changes in species composition
are likely not only from migration but also from
hybridization and introgression. A study in Ireland
showed increased risk of genetic assimilation and
hybridization of two taxa due to potential changes
in species climatic envelopes (Beatty et al. 2014).
Hybridization is common for example in oaks (e.g.
Bacilieri et al. 1993; Valbuena-Carabaiia et al. 2005)
and so increased overlap of species ranges will lead
to increased potential for hybridization.

The extended growing season that is predicted
to occur and which has been shown for recent years
will result in increased growth. This is the case
for more Northern region as these will potentially
benefit from an increase in temperatures. Although
increases in temperatures generally increases
growth, there are potential issues with species that
need extended chilling to break dormancy (Myking
and Heide 1995) and this could have important im-
plications for local adaptation (Pletsers et al. 2015).

In the southern parts of this region there will
be changes to the fire regime, such as extensions
of the fire risk season and increased intensity and
frequency of fires. There will also be increased risk
of drought, especially in areas of poor soil water
retention.

Forest species at the edge of their distribu-
tion range

Species

The Atlantic Ocean marks the western limit of
most species in this area as few can migrate across
the Atlantic. However, a few species reach their
terrestrial range limit or have disjunct distributions
within the Atlantic area. Fagus sylvatica reaches its
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northern limit in Norway and the natural range does
not extend far into the UK. Fraxinus excelsior also
reaches its northern limit in Norway. One notable
species with a disjunct distribution is the Strawberry
tree (Arbutus unedo), which is found in an isolated
population in south-western Ireland. As part of the

Table 1 -

COST Action FP1202 a list of marginal populations
was compiled from the countries involved. This list
was based on expert opinion rather than a statisti-
cal assessment. The list includes 22 species in 117
populations (Table 1).

Alist of species and numbers of marginal and peripheral populations identified as part of the COST FP1202 (no data was available

for Belgium, Denmark and Norway). Note it should be taken into account that the data for each country includes the whole country

and not only the Atlantic region.

Species

France Germany Ireland

Netherlands

Country

Portugal Spain The UK Totals

Abies alba 4 1

Acer monspessulanum

Arbutus unedo 2
Castanea sativa
Fagus sylvatica
Fraxinus excelsior
Juniperus turbinata
Picea abies

Pinus halepensis
Pinus nigra

Pinus pinaster
Pinus pinea

Pinus sylvestris 7 2
Populus nigra 1

Populus tremula

Quercus petraea 4 1
Quercus pyrenaica

Quercus robur

Quercus robur / petraea

Quercus suber

Salix phylicifolia 1
Sorbus torminalis

Ulmus laevis

15 1

AN W

Totals 39 3 6
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Kind of marginality occurring in the area

The marginality occurring in this area is a mix
of geographical, ecological and disjunct marginality.
With regard to geographical marginality, the popula-
tions are generally at the leading edge of the range
of the species, for example in Fagus sylvatica. The
leading edge will be in the northern regions, while
a limited number of species will also have popula-
tions at the trailing edge of the species. Migration
of populations from the leading edge can lead to
populations that are disjunct from the core. An
example of ecological marginality in the Atlantic
area is the occurrence of rear edge populations of
Quercus suber in Portugal. Low elevation Picea
abies populations represent an ecological marginal-
ity in the Atlantic area.

Genetic information available on marginality

Very little information exists specifically on
marginal populations, instead the genetic informa-
tion tends to be for a species range or a national
range. A considerable number of species have been
assessed at a European scale, for example 22 wide-
spread species were tested across Europe in Petit
et al. (2003) and many more have been analyzed on
amore local scale.

There is also a significant amount of information
on provenance trials across this area. However,
these tend to be focused on general performance
rather than specifically investigating performance
of marginal populations or marginal sites.

Most countries have contributed to a general
assessment of forest genetic resources in the FAO
State of the World’s Forest Genetic Resources (FAO
2014). In this report the importance of marginal
populations potentially containing specific adapta-
tions for climate change was emphasized.

Most important marginal populations

One of the tasks of the FP1202 COST action
working groups was to develop methodology to
define and identify marginal and peripheral popula-
tions. Although the methodologies were developed
the implementation of these still needs to occur in
order to identify potential populations. As part of
this task a list of marginal and peripheral popula-
tions for each country were suggested by different
members of the COST action (Table 1). For the
Atlantic area there are important marginal popula-
tions at the leading edge and the rear edge of range
distributions.
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Forest ecosystems and protected areas

Measures of environmental protection

A total of 11,385 Natura 2000 sites are located in
the European Union countries of this area (https://
www.eea.europa.eu/data-and-maps/data/natura) —
i.e. Norway is excluded (Table 2).

The Natura 2000 sites in Table 2 include all areas
of the countries and habitats of all types, not exclu-
sively forest habitats in the Atlantic area. However,
the numbers give an indication of the level of habitat
protection in this area. According to Statistics Nor-
way (https://www.ssb.no/en/arealvern), there are
2,885 protected sites with a total of 39,875 km2 on
mainland Norway. This number is also not limited
to forest habitats in the Atlantic area and includes
all protected sites.

Table 2 - Overview of Natura 2000 sites their respective areas
within the Atlantic Area (Norway is excluded) (https://
www.eea.europa.eu/data-and-maps/data/natura-8/).
Note it should be taken into account that the data for
each country includes the whole country and not only the
Atlantic region.

Country Natura 2000 sites Area (km?)
Belgium 310 5,589
Denmark 350 31,270
France 1,766 155,755
Germany 5,211 113,118
Ireland 595 22,841
The Netherlands 195 25,326
Portugal 165 56,676
Spain 1,863 283,651
The United Kingdom 930 177,663
Totals 11,385 871,893

There is no Natura 2000 site devoted primarily
to conserving Forest Genetic Resources (FGR).
Conservation of FGR is generally a by-product of
species and habitat conservation. However, the EU-
FGIS portal contains populations that are conserved
for FGR. The EUFGIS portal gives an indication of
the coverage in this area (Table 3). The countries in
the Atlantic area have a total of 423 in situ Genetic
Conservation Units (GCUs) within the EUFGIS

Table 3- Overview of in situ genetic conservation units in the
countries within the Atlantic Area and the number of
species registered in EUFGIS for each country. Note
it should be taken into account that the data for each
country includes the whole country and not only the
Atlantic region.

Country Number GCU (in situ) Number of tree

species in EUFGIS
Belgium 25 6
Denmark 73 23
France 93 8
Germany 127 22
Ireland 17 9
The Netherlands 13 13
Norway 23 10
Portugal 9 8
Spain 43 5
The United Kingdom No information No information
Total 423

portal (as of 20/6/2017). This is an over-estimate of
the number of GCUs in the Atlantic region as much
of Germany is not within the Atlantic region and
similarly for Spain, France and Norway. In total 47
different tree taxa are maintained in GCUs in this
area.

Measures for protection/exploitation/valorisa-
tion of MaPs already existing

The populations identified in Table 1 often have
no protection. A limited number are Natura 2000
sites and some are also listed in EUFGIS as GCUs.
From the 117 sites in total only 24 are confirmed
as Natura 2000 sites, while 11 are confirmed as not
being Natura 2000. Most of the sites are of unknown
conservation status. Similarly for sites designated
as GCUs, only 21 are confirmed as being entered
into EUFGIS.

In summary, significant data sources are avail-
able in the Atlantic area to assess the status and
potential impact of climate change on MaP popula-
tions. However, a thorough spatial analysis would
be needed to get a comprehensive understanding of
the status of MaPs in the Atlantic area.

References

Bacilieri R., Roussel G., Ducousso A. 1993 - Hybridization and
mating system in a mixved stand of sessile and pedun-
culate oak. Annales des Sciences Forestieres 50 (Suppl.
1): 122-127.

Beatty GE., Barker L., Chen PP, Kelleher CT., Provan J. 2014
- Cryptic introgression into the kidney saxifrage (Saxifra-
ga hirsuta) from its more abundant sympatric congener
Saxifraga spathularis, and the potential risk of genetic
assimilation. Annals of Botany 115: 179-186.

Bennett KD., Lawton JH., Gibbs A., Williamson MH., Holdgate
MW., Hamilton WD., Conway GR. 1986 - The rate of spread
and population increase of forest trees during the post-
glacial [and Discussion]. Philosophical Transactions of
the Royal Society, London B 314: 523-531.

Bennett KD., Tzedakis PC., Willis KJ. 1991 - Quaternary
refugia of north European trees. Journal of Biogeography
18:103-115.

Devoy RJIN. 1995 - Deglaciation, Earth crustal behaviour and
sea-level changes in the delermination of insularity: a
perspective from Ireland. In “Island Britain: a Quaternary
perspective”, vol. Geological Society Special Publications
(ed. R. C. Preece), 96: 181-208. London, The Geological
Society.

Donnelly A., Salamin N., Jones MB. 2006 - Changes in tree
phenology: an indicator of spring warming in Ireland?
Biology and the Environment 106: 47-55.

EEA 2012 European Environment Agency website https://
www.eea.europa.ew/data-and-maps/figures/average-annual-
precipitation

Food and Agriculture Organization of the United Nations 2014
- State of the World's Forest Genetic Resources. Commis-
sion on Genetic Resources for Food and Agriculture. Rome
2014, 276 p.

Annals of Silvicultural Research - 41 (3),2017: 13 - 18



C.T. KELLEHER, B. MuscH

Marginal/peripheral populations of forest tree species and their conservation status: report for Atlantic region

Haarsma RJ., Hazeleger W., Severijns C., de Vries H., Sterl A.,
Bintanja R., van Oldenborgh GJ., van den Brink HW. 2013
- More hurricanes to hit western Europe due to global
warming. Geophysical Research Letters, 40: 1783-1788

Hewitt GM. 1999 - Post-glacial re-colonization of European
biota. Biological Journal of the Linnean Society 68 (1-2):
87-112.

IPCC, 2007: Climate Change 2007: The Physical Science Basis.
Contribution of Working Group I to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change
[Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis,
KB. Averyt, M. Tignor and HL. Miller (eds.)]. Cambridge
University Press, Cambridge, United Kingdom and New
York, NY, USA, 996 pp.

IPCC, 2013: Summary for Policymakers. In: Climate Change
2013: The Physical Science Basis. Contribution of Working
Group I to the Fifth Assessment Report of the Intergov-
ernmental Panel on Climate Change [Stocker TE,, Qin D.,
Plattner G.K., Tignor M., Allen SK., Boschung J., Nauels A.,
Xia Y., Bex V., Midgley PM. (eds.)]. Cambridge University
Press, Cambridge, United Kingdom and New York, NY,
USA. 1535 p.

Kelleher CT., Hodkinson TR., Kelly DL., Douglas GC. 2004 -
Characterisation of chloroplast DNA haplotypes to reveal
the provenance and genetic structure of oaks in Ireland.
Forest Ecology and Management 189:123-131.

Kelleher CT., de Vries SMG., Baliuckas V., Bozzano M., Fry'dl
J., Gonzalez Goicoechea P, Ivankovic M., Kandemir G.,
Koskela J., Koziot C., Liesebach M., Rudow A., Vietto L.,
Zhelev Stoyanov P. 2015 - Developing Approaches to the
Conservation of Forest Genetic Resources in Europe in
the Context of Climate Change. European Forest Genetic
Resources Programme (EUFORGEN): Bioversity Interna-
tional, Rome, Italy, 46 p.

Kremer A., Ronce O., Robledo-Arnuncio JJ., Guillaume F.,
Bohrer G., Nathan R., Bridle JR., Gomulkiewicz R., Klein
EK,, Ritland K., Kuparinen A., Gerber S., Schueler S. 2012 -
Long-distance gene flow and adaptation of forest trees to
rapid climate change. Ecology Letters 15: 378-392.

Lowe A., Unsworth C., Gerber S., Davies S., Munro R., Kelleher
C., King A., Brewer S., White A., Cottrell J. 2005 - Route,
speed and mode of Oak Postglacial colonisation across
the British Isles: Integrating molecular ecology, palaeo-
ecology and modelling approaches. Botanical Journal of
Scotland 57: 59-81.

Menzel A, Fabian P. 1999 - Growing season extended in Europe.
Nature 397: 659. doi:10.1038/17709

Metzger MJ., Bunce RGH., Jongman RHG., Miicher CA., Watkins
JW. 2005 - A climatic stratification of the environment of
Europe. Global Ecology and Biogeography 14: 549-563.

Myking T., Heide OM. 1995 - Dormancy release and chilling
requirement of buds of latitudinal ecotypes of Betula
pendula and B. pubescens. Tree Physiology 15: 697-704.

Petit RJ., Brewer S., Borda'cs S., Burg K., Cheddadi R., Coart E.,
Cottrell J., Csaikl UM., van Dam BC., Deans JD., Fineschi
S., Finkeldey R., Glaz L., Goicoechea PG., Jensen JS., Konig
AO., Lowe AJ., Madsen SF., Ma'tya’s G., Munro RC., Popescu
F, Slade D., Tabbener H., de Vries SMG., Ziegenhagen B.,
de Beaulieu J.L., Kremer A., 2002 - Identification of refugia
and postglacial colonisation routes of European white
oaks based on chloroplast DNA and fossil pollen evidence.
Forest Ecology and Management 156: 49-74.

Petit RJ., Aguinagalde L., de Beaulieu JL., Bittkau C., Brewer S.,
Cheddadi R., Ennos R., Fineschi S., Grivet D., Lascoux M.,
Mohanty A., Miiller-Starck G., Demesure-Musch B., Palmé
A., Martin JP, Rendell S., Vendramin GG. 2003 - Glacial
refugia: hotspots but not melting pots of genetic diversity.
Science 300:1563-1565.

Pletsers A., Caffarra A., Kelleher CT., Donnelly A. 2015 - Tem-
perature and photoperiod influence the timing of bud burst
in juvenile Betula pubescens Ehrh. and Populus tremula
L. trees. Annals of Forest Science 72 (7): 941-953.

Valbuena-Carabafia MV., Gonzalez-Martinez SC., Sork VL., Col-
lada C., Soto A., Goicoechea PG., Gil L. 2005 - Gene flow and
hybridisation in a mixved oak forest (Quercus pyrenaica
Willd. and Quercus petraea (Malts.) Liebl.) in central
Spain. Heredity 95: 457-465.

Annals of Silvicultural Research - 41 (3),2017: 13 - 18

18



