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Abstract 
 
Aarrestad, P.A., Myking, T., Stabbetorp, O.E. & Tollefsrud, M.M. 2014. Foreign Norway spruce 
(Picea abies) provenances in Norway and effects on biodiversity. - NINA Report 1075. 39 pp. 
 
This literature review gives an overview of the distribution, taxonomy and genetic variations in 
Norway spruce (Picea abies) as background for evaluating whether native and foreign prove-
nances of Norway spruce in Norway may have different effects on indigenous species and eco-
systems according to current knowledge,. 
 
The modern range of Norway spruce in Europe is divided into a northern and a southern part. In 
the north, Norway spruce forms a large continuum covering almost the entire Fennoscandia, the 
Baltic States, Belarus, northern Poland and European Russia. In the southern range, the species 
mainly occurs along the mountain chains of central and south-eastern Europe. Norway spruce 
is a natural tree species, mainly in eastern and central parts of Norway, probably migrated from 
a large refugium on the East European Plain, following the retreat of the Scandinavian Ice Sheet. 
There is also evidence for migration from periglacial environments in northwestern Scandinavia. 
The genetic structure of Norway spruce is shaped by historical factors like glacial survival and 
processes during postglacial colonization and by present processes with large amount of gene 
flow over large distances. Since Norway spruce populations are strongly interconnected with 
gene flow, there are no sharp population boundaries in Europe. 
 
Provenance in forestry refers to the particular place where trees are growing or the place of origin 
of seeds or trees. Norway spruce from different European countries, especially from Germany 
and Austria, has been used in afforestation in Norway for several decades. Such foreign prove-
nances may differ in adapted ecological traits, such as phenology, frost hardiness, production 
and spread of seeds, resulting in different growth- and spread potential of the provenances. We 
know that afforestation with Norway spruce affects the indigenous biodiversity through altered 
light conditions, water balance and nutrient cycling. In addition, intraspecific diversity in plants 
may affect the composition of associated species in the forest ecosystem. Thus, one can spec-
ulate that any better growing provenances will affect the indigenous biodiversity most. However, 
searches in national and international databases, as well as personal enquiries at different forest 
and environmental research institutes in Europe, have not uncovered any literature or studies in 
support of differential effects on biodiversity of different provenances of Norway spruce. Re-
search on this subject is probably non-existent. 
 
Even if different provenances may affect the biodiversity differently, these effects are probably 
marginal compared to the effects of afforestation with Norway spruce itself when it is planted on 
habitats where there are not native spruce forest. In these areas density of planted trees, man-
agement of the plantation and the altered chemical composition of the soil are major determi-
nants of altered biodiversity.  
 
 
 
Per Arild Aarrestad. NINA, P.O. Box 5685 Sluppen, NO-7485 Trondheim, Norway. 
E-mail: per.a.aarrestad@nina.no 
 
Tor Myking. The Norwegian Forest and Landscape Institute, Fanaflaten 4, N-5244 Fana, Nor-
way. 
E-mail: mto@skogoglandskap.no 
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E-mail: odd.stabbetorp@nina.no 
 
Mari Mette Tollefsrud. The Norwegian Forest and Landscape Institute, P.O. Box 115, N-1431 
Ås, Norway. E-mail: tom@skogoglandskap.no 



NINA Report 1075 

4 

Sammendrag 
 
Aarrestad, P.A., Myking, T., Stabbetorp, O.E. & Tollefsrud, M.M. 2014. Foreign Norway spruce 
(Picea abies) provenances in Norway and effects on biodiversity. - NINA Rapport 1075. 39 s. 
 
 
Rapporten gir en oversikt over granas (Picea abies) utbredelse, taksonomi og genetisk variasjon 
som en bakgrunn for å vurdere om planting av norske og utenlandske provenienser av gran kan 
ha ulike effekter på stedegent biologisk mangfold. Ifølge oppdraget skal en slik vurdering gis på 
bakgrunn av en sammenstilling av eksisterende kunnskap. 
 
Granas utbredelse i Europa er delt i et nordlig og et sørlig område som utgjør to klart adskilte 
genetiske grupper, sannsynligvis som følge av isolasjon gjennom flere istider. I nord danner gran 
et sammenhengende område som dekker nesten hele Fennoskandia, Estland, Latvia, Litauen, 
Hviterussland, nordre deler av Polen og den europeiske delen av Russland. I sør opptrer grana 
hovedsakelig langs fjellkjedene i sentrale og sørøstlige deler av Europa. I Norge er gran hoved-
sakelig utbredt i østlige og sentrale deler av landet, med spredte populasjoner i indre strøk av 
Vestlandet og i Øst-Finnmark. Både paleodata og genetiske data viser at grana vandret inn til 
Norge fra et stort Russisk istidsrefugium langs både nordlige og sørlige innvandringsveier. Sam-
tidig tyder genetiske data på at grana også har overlevd siste istid i Skandinavia. Det finnes 
møtesoner i Skandinavia fra både et østlig og et vestlig refugium med genetiske subgrupper som 
følge av de ulike historiske prosessene. Videre bidrar genflyt over store avstander til genetisk 
homogenisering. 
 
Proveniens (fra latin «provenir» – komme fra, opprinnelse) henviser til områdene der et treslag 
vokser eller stedsopprinnelsen til frø eller trær, og er ikke et taksonomisk begrep. Ulike proveni-
enser av gran fra flere europeiske land, særlig fra Tyskland og Østerrike, har blitt benyttet i flere 
tiår til skogplanting i Norge. Slike utenlandske provenienser kan skille seg i adaptive økologiske 
egenskaper som fenologi, hardførhet mot frost og kulde, evne til frøproduksjon og frøspredning, 
noe som igjen kan føre til ulik vekst- og spredningspotensiale. Granplanting påvirker det sted-
egne biologiske mangfoldet betydelig gjennom redusert lystilgang, endret vannbalanse og næ-
ringsomsetning i jorda. Man kunne således anta at de proveniensene av gran som har best 
vekstegenskaper ville påvirke den stedegne biodiversiteten mest. Imidlertid har søk i internasjo-
nale databaser, så vel som forespørsler til miljø- og skogforskningsinstitusjoner i Europa, ikke 
avdekket noe litteratur eller erfaringsbasert kunnskap som bekrefter dette. Forskning på temaet 
er trolig ikke-eksisterende. 
 
Selv om ulike provenienser av gran skulle påvirke stedegent biologisk mangfold ulikt, vil slike 
forskjeller høyst sannsynlig være marginale, sammenlignet med effektene av selve granplan-
tingen, der plantetetthet, skjøtsel av plantefeltene, endret jordkjemi og lysforhold er det viktigste 
påvirkningsfaktorene på biologisk mangfold. 
 
 
Per Arild Aarrestad. NINA, Postboks 5685 Sluppen, 7485 Trondheim. 
E-mail: per.a.aarrestad@nina.no 
 
Tor Myking. Skog og landskap, Fanaflaten 4, 5244 Fana. 
E-mail: mto@skogoglandskap.no 
 
Odd Egil Stabbetorp. NINA, Gaustadalléen 21, NO-0349 Oslo, Norway. 
E-mail: odd.stabbetorp@nina.no 
 
Mari Mette Tollefsrud. Skog og landskap, Postboks 115, 1431 Ås. 
E-mail: tom@skogoglandskap.no 
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Foreword 
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distribution and genetic variation of Norway spruce, the use of provenances in afforestation in 
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responsible for the literature review on effects on biodiversity, and both institutions have together 
carried out the risk assessment based on current knowledge. 
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Professor Christer Björkman (Swedish University of Agricultural Sciences), Professor Jørgen Bo 
Larsen and Senior researcher Hans Peter Ravn (University of Copenhagen) for their contribution 
in compiling relevant literature. 
 
 
 
Trondheim 16.10. 2014 
 
Per Arild Aarrestad 
Senior researcher, project leader 
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1 Introduction 
 
Norwegian forestry has a history of more than thousand years, but it was not until the late 19th 
century that Norway spruce (Picea abies) from outside Norway where introduced. Provenance 
in forestry refers to the particular place where trees are growing or the place of origin of seeds 
or trees (Callaham 1964), and several provenances have been imported to Norway from different 
parts of Europe. Norway spruce has always been the backbone of Norwegian forestry, and pres-
ently about 8 million m³ are harvested annually. The native range in Norway amounts to 2.83 
million ha, whereas the cultivated range beyond the natural distribution is roughly estimated to 
approximate 150,000 ha (Jansson et al. 2013).  
 
During the last decades there has been an international concern related to invasion of alien tree 
species and the risk for potential effects on indigenous ecosystems and biodiversity (Peterken 
2001; Engelmark et al. 2001; Felton et al. 2010). The 1992 Convention of Biological Diversity 
(http://www.cbd.int) defines alien (foreign) species to include entities below species level (sub-
species or lower taxon) recognizing that planting of non-local taxa may result in negative effects 
on biodiversity. In 2009, the Nature Diversity Act entered into force. Section 30 in the Act 
(http://www.regjeringen.no/en/doc/laws/acts/nature-diversity-act.html?id=570549) states that 
without legal authority under section 31 or a permit granted by the competent authority under 
this Act, no person must release organisms belonging to species or subspecies that do not occur 
naturally in Norway, including foreign tree species, into the environment. 
 
Biological diversity is defined as “the variability among living organisms from all sources including 
diversity within species, between species and ecosystems” (Convention on Biological Diversity, 
United Nations 1992). According to the Nature Diversity Act, biological, geological and landscape 
diversity includes all diversity that is not largely a result of human influence. Biodiversity in a 
forest ecosystem is influenced by environmental factors such as climate and soil, and long term 
processes like evolution and changes in species geographical ranges. Population and commu-
nity processes, as well as natural or human related disturbances, also influence the biodiversity 
in an ecosystem. Four components of biological diversity are particular relevant for planted for-
ests and their environmental impact (i) Genetic diversity, the genetic diversity within a population 
or a species. (ii) Species diversity, the frequency and diversity of different species in forest or 
community. (iii) Structural diversity, how forest plant communities are structured, e.g. in density 
and growth potential. Structural diversity can be important for e.g. lichens and animal species 
diversity. (iv) Functional diversity, variation in functional characteristics of trees and other plant 
species, i.e. shade tolerant versus light demanding species, deep rooted versus shallow rooted 
(Carnus et al. 2006). A useful approach for characterizing biodiversity is to identify measurable 
indicators that monitor change at different levels of organization, assessing the overall status of 
biodiversity (Noss 1990).  
 
A regulation on the use of foreign tree species “Forskrift om utsetting av utenlandske treslag til 
skogbruksformål” http://www.lovdata.no/dokument/SF/forskrift/2012-05-25-460) entered into 
force in 2012 in order to secure that afforestation using foreign tree species do not lead to unde-
sirable effects on indigenous biodiversity. This regulation defines foreign tree species as species, 
subspecies or varieties of trees without present or historical natural distribution in Norway. The 
term provenance is however, not a taxonomic term, and neither is it a part of the definition in the 
regulation on use of foreign tree species. The discussion if provenances can include different 
taxonomical sub-levels, such as sub-species, variants or forms of a species has not been the 
task of this work. 
 
The aim of this review is to evaluate whether native and foreign provenances of Norway spruce 
may have different effects on indigenous species and ecosystems. This, in turn, relates to the 
obligations of the Convention on Biodiversity on identifying and controlling spread of foreign or-
ganisms and the purpose of the Nature Diversity Act. The review is based on available national 
and international publications on the topic and personal contacts with relevant research commu-
nities. The study gives an overview of the taxonomy, distribution and genetic variations in Norway 
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spruce, quantitative traits, the use of Norway spruce in afforestation in Norway and general ef-
fects of afforestation on indigenous biodiversity as a background for the risk assessment. 
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2 Certification of forest reproductive material and the 
use of the term provenance in forestry 

 
The establishment of forest plantations throughout the world demands increasing amounts of 
seeds and other plant reproductive material such as parts of plants and plants raised by seeds 
or parts of plants. Reproductive material have for a long time been transferred between coun-
tries, and at an early stage, the moving of reproductive material was accompanied by inadequate 
information about their source and history (Jones & Burley 1973). In order to cope with the origin 
and history of trade material, several national certification schemes were used (Matthews 1964). 
However, as the international trade increased it became important to create international ac-
ceptable systems for forest reproductive materials. From 1971 and onwards the Organization for 
Economical Cooperation and Development (OECD) developed a Forest Seed and Plant Scheme 
with rules and regulations for the certification of forest reproductive material in international trade 
(http://www.oecd.org/tad/code/Brochure%20Forest%20%202014%20(2).pdf). The F.A.O. Panel 
of Experts on Forest Gene Resources recommended that countries should model their own na-
tional seed certification schemes on that on OECD (FAO 1971). Norway became a member of 
the OECD forest seed and plant scheme in 1983, and the Norwegian regulation on use of forestry 
reproductive material from 1996 is harmonised with the OECD Scheme. This mean that when 
Norway is importing or exporting forest reproductive material, either an OECD certificate or a 
certificate similar to the OECD certificate must follow the plant reproductive material.  
 
Based on the regulation on forest seeds and plants from 1996, the Ministry of Agriculture and 
Food established a national control committee which mandate is to have an overall control of the 
seed supply and ensure that the regulation is followed. One task of the control committee is to 
process application on use of imported plant material for forestry. 
 
There are four categories recognised under which reproductive material can be certified: 
 

1. Source-identified is the minimum standard permitted in which the location and altitude of 
the place(s) from which the reproductive material is collected must be recorded. Here 
minor or no phenotypic selection has taken place. 

2. Selected. The basic material must be phenotypically selected at the population level. 
3. Qualified. The basic material will be seed orchards, parents of families, clones or clonal 

mixtures, evaluation may not have been undertaken or completed. 
4. Tested. The basic material will be seed orchards, parents of families, clones or clonal 

mixtures. The superiority of the materials must have been demonstrated by comparative 
testing or a genetic evaluation of the components of the basic material. 

 
There are six types of basic material recognised in the OECD certification scheme from which 
reproductive material can be collected: 
 

1. Seed Source (trees within an area from which seeds are collected). 
2. Stand (a delineated population of trees possessing sufficient uniformity).  
3. Seed Orchard (a plantation of selected individuals, which is isolated or managed to avoid, 

or reproduce pollination, from outside sources, and managed to produce frequent, abun-
dant and easily harvested crops of seed). 

4. Parents of Family or Families (trees used to obtain progeny by controlled or open polli-
nation 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-siblings). 

5. Clone (group of individuals (ramets) derived originally from a single individual (ortet) by 
vegetative propagation (e.g. by cuttings, micropropagation, grafts, layers, etc.).  

6. Clonal mixture (a mixture of initially identified clones in defined proportions). 
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The term provenance has partly been applied in forestry to deal with genetic variation within 
species, which is associated with geographical distribution and origin. Provenance research aims 
at defining the genetic and environmental components of phenotypic variability associated with 
geographical source, and the term has a biological meaning roughly equivalent to a local popu-
lation (Callaham 1964). Information on provenances is important in assuring sources of seeds 
to give well-adapted, productive trees and in directing breeding of forest trees towards adaptation 
to particular localities. Several definitions of provenance have been published throughout the 
years. At early stages the provenance term was linked to the geographical source or place of 
origin from which a given seed or plant was collected (i.e. Empire Forestry Association 1953; 
Wright 1962, 1976; Ford Robertson 1971; Schmidt 1997). The term does however, not describe 
provenance as a taxonomic term, e.g. a morphologically separable unit below the species level. 
 
The OECD separates the terms provenance and origin in their certification scheme. The term 
“provenance” is, according to OECD, defined as “The place in which any seed source or stand 
of tree is growing”. The Region of Provenance is defined as “For a species or sub-species, the 
Region of Provenance is the area or group of areas subject to sufficiently uniform ecological 
conditions in which stands showing similar phenotypic or genetic characters are found”. Accord-
ing to the OECD definition, seeds produced in Belarus by trees of Belarus of origin are obviously 
a Belarus provenance, but seeds produced in Norway by trees/seeds originating directly from 
Belarus are defined as a Norwegian provenance. 
 
In the OECD certification scheme, the origin of the material is given. It must be stated whether 
the basic material is autochthonous/indigenous, non- autochthonous/non- indigenous or the 
origin is unknown. For an autochthonous seed source or stand, the origin is the place in which 
the trees are growing. For a non-autochthonous seed source or stand, the origin is the place 
from which the seed or plants were originally introduced. The origin of a seed source or stand 
may, however, be given as unknown in the scheme. 
 
Since the Norwegian regulation on use of forestry reproductive material is harmonised with the 
OECD scheme, we have used the OECD definition of provenances in this work – which is the 
operational definition applied in European forestry. 
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3 Taxonomy, distribution and genetic variation in 
Norway spruce 

 

3.1 Taxonomy 
Taxonomically, Norway spruce (Picea abies L. Karst) belongs to the pine family (Pinaceae) and 
the genus Picea, which diverged from its sister clade 180 million years ago (Lockwood et al. 
2013). The genus consists of about 34 species (Farjón 2001), of which two are confined to Eu-
rope (P. abies and P. omorika), 24 to Asia and eight to America. Picea omorika is today restricted 
to the Tatra Mountains in Serbia and is not a close relative to P. abies (Ran et al. 2006; Lockwood 
et al. 2013). Norway spruce is most closely related to Siberian spruce (Schmidt-Vogt 1974), but 
a consensus on their taxonomical classification has not been reached due to complex patterns 
of morphological variation. Some authors recognize them as two separate species (Pravdin 
1975; Popov, 2003). Others consider them either as two closely related subspecies, Picea abies 
ssp. abies and ssp. obovata (Tutin et al. 1993), or two geographical races (Schmidt-Vogt 1974, 
1977). 
 
Phylogenetic analyses using molecular markers corroborated their close relationship (Ran et al., 
2006). In a recent study it was further indicated that Norway spruce of northern Europe is more 
closely related to Siberian spruce than to Norway spruce of central- and south-eastern Europe 
(Lockwood et al. 2013). An extensive survey based on wide range sampling across northern 
Eurasia analyzed with mitochondrial and chloroplast markers, suggest on the other hand that 
Norway spruce and Siberian spruce are two well defined genetic units/species and that the ge-
netic border between the taxa is situated east of the Ural Mountains, in the area of the Ob River 
(Tollefsrud 2008). This border also agrees well with morphological data on cone scale shapes 
(Popov 2003). Popov (2003) describes the most typical Siberian spruce forms of cone scales 
east of a borderline stretching from the Pechora River south-eastwards to the Ob River. West of 
this border, intermediate cone scale shapes prevail in a wide zone suggesting introgression. 
 
Genetic and morphological data combined, suggest though that spruce east of the border along 
the Ob River constitutes a separate taxon/species (Tollefsrud et al. 2008). Results from multiple 
nuclear genetic markers analysed for an extensive population sample covering the total distribu-
tion range of Norway spruce and Siberian spruce moreover support the conclusion that Norway 
spruce and Siberian spruce are two separated taxa/species and that introgression occur along 
both sides of the Ural Mountains (Martin Lascoux and Yoshiaki Tsuda, pers. com., see http://cli-
mate.nordgen.org/, abstract by Tollefsrud et al. 2014). 
 
 

3.2 Distribution 
The modern range of Norway spruce in Europe is divided into a northern and a southern part 
(Figure 1). In the north, Norway spruce forms a large continuum covering almost the entire Fen-
noscandia, the Baltic States, Belarus, northern Poland and European Russia. In the southern 
range, the species mainly occurs along the mountain chains of central and south-eastern Eu-
rope. The two Norway spruce ranges come together in the middle Polish lowlands (the middle 
Polish disjunction according to Schmidt-Vogt (1974), see also Latałowa & van der Knaap (2006). 
The northern range of Norway spruce is in contact with Siberian spruce, which has a wide north 
Asian distribution (Schmidt-Vogt 1977), in the east. Their combined ranges cover a virtually con-
tinuous area across northern Eurasia, ranging from Norway in the west to the coast of the Sea 
of Okhotsk in the east.  
 
In Norway, the main natural distribution of Norway spruce is in the eastern part of southern Nor-
way, and in mid Norway from Sør-Trøndelag to Rana (Figure 1). In addition, there are numerous 
smaller occurrences in western Norway (Gløersen 1884), as well as a few populations in north-
ern Norway (eastern Finnmark), close to the Russian border (Elven 1994). The alpine tree limit 
in southern Norway is at 1280 m asl (Hemsedal, Elven 1994). Beyond the natural distribution, 
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Norway spruce has been planted in the lowlands up to Finnmark, the northernmost county in 
Norway. 
 

 
 

Figure 1. Map of modern distribution range of Norway spruce (the coloured area). The different 
colours relate to interpolated age of fossil Picea abies pollen (threshold larger than 2%), corre-
sponding to time since forest development. Interpolated age is shown in time interval of 1000 
years before present, according the colour code (map from Tollefsrud et al. 2008). 

 
 

3.3 Genetic variation, postglacial history and migration 
The glacial and postglacial history of Norway spruce has been intensively studied using both 
paleobotanical (e.g. Giesecke & Bennett 2004; Terhürne-Berson 2005; Latałowa & van der 
Knaap 2006) and genetic approaches based on both nuclear, chloroplast and mitochondrial data 
(e.g. Lagercrantz & Ryman 1990; Vendramin et al. 2000; Sperisen et al. 2001; Collignon et al. 
2002; Heuertz et al. 2006; Tollefsrud et al. 2008, 2009; Parducci et al. 2012). Like in most coni-
fers, mitochondrial and chloroplast DNA are maternally and paternally inherited, respectively. 
Nuclear DNA is inherited from both parents. Mitochondrial DNA is dispersed by seeds, whereas 
chloroplast and nuclear DNA is dispersed by both pollen and seeds. Mitochondrial and chloro-
plast DNA show highly structured genetic variation compared to nuclear DNA. Combined, the 
different types of markers will give information both on historical and present gene flow. 
 
Both paleobotanical data and genetic studies agree that there were separated refugia for Norway 
spruce in the northern and the southern ranges. Both nuclear (Lagercrantz & Ryman 1990; Col-
lignon et al. 2002; Heuertz et al. 2006), chloroplast (Vendramin et al. 2000) and mitochondrial 
(Sperisen 2001; Tollefsrud et al. 2008) DNA revealed two very distinct genetic lineages, sug-
gesting long-term isolation over several ice ages. However, these lineages have not been related 
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to any taxonomical division, neither are they related to any clear morphological features. Figure 
2 show the two genetic lineages obtained from 28 different genetic variants detected in the mi-
tochondrial DNA marker nad1 (from Tollefsrud et al. 2008). 
 
 

 
 

Figure 2. Phylogenetic tree inferred for 28 different genetic variants detected in the mitochondrial 
DNA marker nad1. Fourteen genetic variants are confined to the southern range and constitute 
a southern lineage, and 14 genetic variants are confined to the northern range and constitute the 
northern lineage. The numbers relate to size of the different genetic variants in base pairs. Num-
bers on the clades indicate the support for the clades (for more details see Figure 2 in Tollefsrud 
et al. 2008). 

 
 
Meeting zones between the northern and the southern range is moreover demonstrated in a 
primeval forest in Poland (Dering et al. 2012), and in an ongoing detailed analysis on the genetic 
structures of Norway spruce. A postglacial meeting zone between the two ranges is depicted in 
the Baltics (http://climate.nordgen.org/, abstract by Tollefsrud et al. 2014). A meeting zone be-
tween the two ranges reaching from the Carpathians to the Baltics has also been proposed 
based on chloroplast markers (Vendramin et al. 2000). 
 
Paleobotanical data combined with these genetic data indicates that the southern lineage sur-
vived in several isolated refugia, including the Carpathian Mountains, the Bohemian Massif, and 
the eastern Alps (Tollefsrud et al. 2008). In the north, both paleobotanical and genetic data indi-
cate that Norway spruce expanded from a large refugium on the East European Plain, from 
where it colonized Fennoscandia following the retreat of the Scandinavian Ice Sheet (Giesecke 
& Bennett 2004; Latałowa & van der Knaap 2006; Tollefsrud et al. 2008; Valiränta et al. 2011).  
 
Postglacial colonization followed two main migration routes from the Russian plain (Figure 3). 
One north-western route from Russia to Finland, following the mainland north of the Gulf of Both-
nia and further to Norway and Sweden, and one south-western route over the Baltic states, 
crossing directly over the Baltic Sea to southern Scandinavia. The colonization of southern Scan-
dinavia thus included long distance dispersal of seeds over large distances (Tollefsrud et al. 
2008). A genetic connectivity between southern Scandinavia and the Baltics is also suggested 
by studies of nuclear microsatellites (Tollefsrud et al. 2009). There was probably also dispersal 



NINA Report 1075 

14 

events across the Baltic Sea, from southern Finland to mid-Scandinavia (Giesecke & Bennet 
2004). 
 

 
 

Figure 3. Combined map of genetic groups in the northern range and fossil pollen for the infer-
ence of Holocene expansion of Picea abies. Interpolated age as in Figure 1. The genetic groups 
are based on variation in the mitochondrial nad1 marker analysed with principal coordinate anal-
ysis combined with clustering. Arrows indicate migration routes (more details in Tollefsrud et al. 
2008). 

 
 
Based on modern and ancient DNA (Parducci et al. 2012) it has been suggested that Norway 
spruce also persisted locally in periglacial environments of north-western Scandinavia. This hy-
pothesis is supported by large amount of old macrofossils in Scandinavia (Kullman 2008). Par-
ducci et al. 2012 identified a genetic variant of the mitochondrial marker mh05 endemic to Scan-
dinavia (Figure 4), also found in ancient DNA in Trøndelag dating 10.300 and 6.500 years before 
present, strongly suggesting that this variant was already present in the region during the early 
Holocene. The hypothesis of glacial survival of both Norway spruce and Scots pine is strength-
ened by the findings of spruce and pine chloroplast DNA in lake sediments adjacent to the ice-
free Andøya refugium at the Atlantic coast of north-western Norway as early as 22 000 and 17 
700 years ago, respectively (Parducci et al. 2012). 
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Figure 4. Geographical distribution of the two mitochondrial variants revealed in the mh05 
marker in Picea abies populations. Arrows suggest putative migration routes. Map reconstructed 
after Parducci et al. (2012). 

 
 
The presence of different genetic groups within the northern range related to historical events is 
supported by both latitudinal and longitudinal substructures shown at nuclear microsatellites. The 
power of the different genetic groups is, however, weak and difficult to interpret (Tollefsrud et al. 
2009). Notably only 2.9 % of the variation is explained by among population genetic variation, 
suggesting that very high levels of gene flow among populations makes it difficult to reveal strong 
population structures. For instance, substructures in central Scandinavia may be explained both 
by glacial survival and by founder events and drift. High diversity in southern Scandinavia may 
be explained by both meeting zones between different refugia and pollen mediated gene flow 
from the southern range. Weak longitudinal patterns in the northern range were also revealed by 
Collignon et al. (2002) using another set of nuclear markers. A more detailed study is now un-
dertaken to investigate the demographic history of Norway spruce (Martin Lascoux and Yoshiaki 
Tsuda, pers. com., see also http://climate.nordgen.org/, abstract by Tollefsrud et al. 2014). 
 
The genetic structures in the Norway spruce mitochondrial genome are mainly shaped by his-
torical factors like glacial survival and processes during postglacial colonization. Nuclear genetic 
structures, on the other hand, capture both the historical and the present processes, and show 
extensive gene flow over large distances. Most importantly, since Norway spruce populations 
are strongly interconnected with gene flow over large distances, there are no sharp population 
boundaries although we detect some latitudinal and longitudinal substructures over northern Eu-
rope. These substructures are largely correlated with adaptive phenotypic traits, and thus taken 
into account when breeding zones and regions of provenance are defined. 
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4 The use of Norway spruce in afforestation in Norway 
 

4.1 General characteristics of seed sale in Norway 1952-2013 
The Norwegian state has been strongly involved in forest seed supply from the 1930s, but har-
vesting and sale of forest seeds have been delegated to the Norwegian Forest Seed Centre 
(NFSC) from its establishment in 1946. The overall sale of seeds from NFSC to Norwegian 
nurseries has varied extensively from 1952 onwards. From the initial level of about 3000 kg/year 
the sale increased to about 12,000 kg/year in the early 1960s, after which it decreased steadily 
to the low present day level (Figure 5). 
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Figure 5. Sale of Norway spruce seed in Norway 1952-2013. Data from NFSC. 

 
 
The high seed sales between 1950 and 1970 relate to the strong deficit of timber products fol-
lowing the Second World War, and a governmental emphasis on re-establishing forests to supply 
the markets. Between 1950 and 2010 the overall standing volume in Norwegian forests in-
creased from about 370 mill m3 to 860 mill m3 (Granhus et al. 2012). 
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Figure 6. Proportion of seed from Norwegian stands, Norwegian seed orchards and import 1952-
2013. Data from NFSC. 
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Figure 6 shows that the peak of sale between about 1950 and 1970 was partly due to exten-
sive import of seed, due to the domestic deficit. However, both the proportion and absolute 
amount of imported seed decreased consistently from the 1960s onwards.  
 
From the late 1970s seed orchard seed was released on the market, and after a lag phase the 
sale increased extensively and constitutes presently about 75% of the sale. This high propor-
tion partly refers to a rather modest overall seed sale compared to 1950-1970. The proportion 
of imported seed has been marginal after the 1990s.  
 
The accumulated seed sale after 1952 shows that stand seeds of Norway spruce dominates 
(Figure 7) and constitutes about 70%, whereas the proportion of imported seed and seed or-
chards seeds constitute about 18 and 12%, respectively. 
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Figure 7. Cumulative sale of Norway spruce seed to the Norwegian market from Norwegian 
stands (green), import (red) and Norwegian seed orchards (blue). 

 
 
The relative proportion of these seed sources in the forest changes continuously depending on 
where and when the different sources have been planted, and the actual logging in the differ-
ent regions. 
 
 

4.2 The use of Norwegian provenances from 1961-1995 
To keep track of the different provenances the whole country is divided into seed harvesting 
zones (Figure 8), which are further subdivided into altitudinal zones (not shown). This exempli-
fies the practical application of the term provenance, and the fine geographical scale at which 
individual provenances can be defined. For the purpose of this report, we have combined seed 
harvesting zones and show seed sale from the main regions. Seed from eastern and mid Nor-
way totally dominated the market from 1961-95 (Figure 8), simply because these are the main 
Norway spruce areas with the regular seed production. Smaller quantities were sold from 
southernmost Norway and in particular from northern Norway and coastal areas in western 
Norway. These figures correspond well with the sale before 1961-95. 
 
The seed harvesting zones do not necessarily reflect where the provenances are actually used 
since local material may have poorer survival and development than provenances from e.g. ad-
jacent seed harvesting zones, and since local seed production may be insufficient. For exam-
ple, in western Norway where the natural distribution of Norway spruce is modest, prove-
nances from eastern Norway and Germany have been, and still are widely used (A. Steffenrem 
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pers. com., see e.g. http://www.skogfroverket.no/ for recommendation on the use of forest re-
productive materials for the different regions). Thus, deployment of the different provenances is 
based on how well the material is climatically adapted to the site, shown by e.g. phenology, 
survival, vitality and growth in field trials, rather than origin of the provenances. Table 1 gives a 
coarse summary of relevant provenances for different regions in Norway, including some for-
eign provenances. For climatic reasons, the number of provenances relevant for western Nor-
way far exceeds the other regions. 
 

 
 

Figure 8. Sale of Norway spruce seeds from 1961 to 1995 from different regions. Data from 
NFSC. 

 
 

4.3 Domestic sale of non-Norwegian provenances 
The temporal trend and overall sale of imported seed are reflected in Figures 6 and 7, respec-
tively. Imported seed constituted a substantial proportion between the 1950s and 1980s, but has 
been very modest the last 20 years. 
 
German and Austrian provenances have been by far the most imported sources on the Norwe-
gian market (Figure 9). In addition, provenances from the Czech Republic/Slovenia and Sweden 
have contributed, whereas seeds from Poland, Belarus, Denmark, Finland, Romania and Lithu-
ania have been marginal. Figure 9 also shows that the proportion of import from the southern 
genetic lineage dominates.  
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Table 1. Relevant Norwegian and non-Norwegian provenances recommended for use in differ-
ent regions of Norway as based on field tests (Skrøppa et al. 2014). NFSC provides provenance 
recommendations at the municipality level 
(http://asp.gitek.no/skogfroverket/pmws.dll/SFVFroLatSok). 

 
Region 

 Eastern Norway Western Norway Mid- and northern Norway 

 

Relevant prove-
nances 

Local/regional  

Provenances 

 Southern Sweden 

below 500 m asl 

Eastern Norway 

 

Eastern Norway (northern part) 

  

Baltic countries,  

Belarus 

 

Baltic countries,  

Belarus 

 

Rana (for use in Nordland and 

Troms 

 

  Harz (Germany), Den-

mark (German origin), Ro-

mania, Czech Republic 
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Figure 9. Total import of Norway spruce seed 1952-2013. Columns in red denote the southern 
genetic lineage, whereas columns in blue denote the northern genetic lineage to which Scandi-
navian Norway spruce belongs. Poland represent a meeting zone between the northern and the 
southern genetic lineages, and it is thus difficult to know which genetic lineage the material from 
Poland belongs to. 
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5 Ecological traits of Norway spruce provenances 
 
In this context, ecological traits are confined to adaptive traits that are known to differ between 
provenances such as phenology, frost hardiness and growth potential. We first review differen-
tiation in such traits between provenances, and in a later chapter undertake a risk assessment 
as to whether traits differentiation may affect biodiversity.  
 
 

5.1 Budburst and growth cessation 
Timing of phenological events, such as budburst in spring and growth cessation in autumn, is a 
critical component of climatic adaptation. Premature budburst and delayed growth cessation may 
both cause frost damages, or even dieback. On the other hand, very late budburst and early 
growth cessation and frost hardening will shorten the growing season and reduce the competitive 
ability of the trees. Thus, proper timing of the phenological events is a trade-off between survival 
and growth of the plants. Budburst occurs after accumulation of a specific heat sum, whereas 
cessation of growth is primarily controlled by day length. 
 
The climate varies along geographical gradients, and the phenology of Norway spruce and other 
forest trees are significantly correlated with geographic and climatic variables. Generally onset 
and cessation of growth occur increasingly early with increasing latitude and altitude of origin 
(Jansson et al. 2013), i.e. early budburst is associated with cold climates.  
 
Based on a number of reciprocal provenance trials it has been possible to compare growth 
rhythm of distant and adjacent provenances across Europe (Table 2). For example, budburst 
and growth cessation occur later in provenances from Poland than Norway if planted at the same 
site. But also within Norway the same latitudinal trend prevails, initiation of growth is earlier in 
southern Norway than in provenances from Trøndelag.  
 
 

Table 2. The general pattern of regional variation in budburst and growth cessation in Norway 
spruce (Jansson et al. 2013). Extremely early cessation of growth occurs at high latitudes and 
altitudes. Although western European provenances terminate growth very late, growth cessation 
occurs increasingly early with increasing altitude, e.g. towards the Alps. 

Budburst Growth cessation 

  

Early Late  Early  Intermediate Late  

Northern Scandinavia Central Russia  Northern 

Scandinavia 

 

Belarus  

Finland North-eastern Po-

land 

 

 Finland Southern and 

northern Poland 

 

High altitudes of cen-

tral European Alps 

 

Eastern Baltic area   East Carpathian 

Mountains 

 

Western Europe    High altitudes in 

western Europe 

Western Europe 

 
 
Due to the clinal variation in timing of budburst and growth cessation, transfer of provenances 
along environmental gradients affects adaptation. From a forestry point of view, this can be de-
sirable, for instance by using east European provenances with late budburst that will be less 
prone to spring frost damages than local Norwegian provenances. Growth of Norway spruce is 
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better correlated to late growth cessation than to early initiation of growth in spring (Hannerz et 
al. 1999). Thus, by using southern provenances growth can be greatly enhanced compared to 
local provenances (Dietrichson 1977; Fottland & Skrøppa 1989; Skrøppa et al. 2005). South-
eastern provenances from the East Carpathians and the Bihor Mountains in Romania appear to 
have the best growth potential (Jansson et al. 2013), but it is not known whether this applies to 
Norwegian conditions. 
 
 

5.2 Frost hardiness  
Dormancy develops gradually after growth cessation in early autumn, which implies that devel-
opment of dormancy and frost hardiness critically depends on timing of growth cessation as a 
primary phenological event. Thus, frost hardiness shows a distinct seasonal pattern; susceptibil-
ity to freezing temperatures is high during the growing season whereas tolerance to frost is high 
during the dormant stage in winter. Development of frost hardiness takes place in three steps, 
1) onset of dormancy, 2) first stage of hardening at about 0°C, 3) second stage of hardening 
during a gradual lowering of the temperature below 0°C (Levitt 1980). If growth cessation takes 
place too late, development of frost hardiness is delayed correspondingly and trees may suffer 
from early autumn frost (Jansson et al. 2013). The actual frost hardiness after onset of dormancy 
is an inverse function of temperature. Frost hardiness increases when temperature decreases, 
and is quickly lost in response to mild temperatures. Thus, rapid changes from mild conditions 
to extensive frost can cause frost damages even in midwinter when the trees are still dormant 
(Levitt 1980).  
 
It should be emphasised that Norway spruce has extensive genetic variation within provenances. 
Actually, the variation in frost hardiness in progeny from 10 mother trees from the same stand 
corresponds to the difference between provenances separated by 3-4 latitude degrees (Skrøppa 
1991; Johnsen & Østreng 1994). 
 
As shown in Figure 6 the proportion of imported seed was substantial between 1950 and 1980, 
and provenances from Germany and Austria dominated (Figure 9). These provenances were 
used both in eastern and western Norway. In eastern Norway (e.g. Vestfold and Hedmark) west-
ern continental provenances (from Germany and Austria) suffered from climatic damages, prob-
ably associated with delayed growth cessation and autumn frost (Skrøppa 1986; Magnesen 
1992). Provenances from western Russia and northern Poland had less damages, whereas 
provenances from Finland, central Sweden and central Norway where least damaged (Skrøppa 
1986). In western Norway, however, western continental provenances have grown and per-
formed well, without climatically induced setbacks similar to eastern Norway (Skrøppa et al. 
2014). This is probably due to milder autumns and less severe winters as compared to eastern 
Norway.  
 
As shown above, phenological traits such as budburst, growth cessation and frost hardiness are 
strong determinants of adaptedness of trees. Given that the timing of these traits is well synchro-
nized with the surrounding climate, the potential of climatic damages and mortality are greatly 
reduced. This conclusion holds true irrespective of the provenance being local or transferred. 
Moreover, Norway spruce displays an extensive phenotypic plasticity in phenological traits, 
which greatly contributes to adaptation and survival when climatic conditions are harsh. 
 
 

5.3 Production and spread of seeds 
The ability to produce seeds and spread is strongly related to temperature. Norway spruce usu-
ally starts producing seeds 20-40 years old. Two consecutive years with high summer tempera-
tures are needed for good seed production, the first year to initiate development of flowering 
buds (correlated to July temperatures), the second year for flowering and seed maturation (Bør-
set 1985). For this reason, good seed production occurs rarely, only every 6-8 years 
(http://www.skogfroverket.no/Web/Informasjon/Artikler/Gode%20froar.htm). It has not been pos-
sible to trace relevant literature on provenance differences in seed production and spread. 
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6 Climate change mitigation by provenance transfer 
 
In Norway climate change has been predicted to imply increased precipitation, longer growing 
season, milder winters and warmer summers (Iversen et al. 2005). However, climate change is 
expected to vary between regions, and for south-eastern Norway the change by 2100 may in-
clude a rise in temperature of 2-3°C and a decrease in precipitation of 5-15 % (Iversen et al. 
2005). In this region dieback symptoms observed in Norway spruce have already been related 
to warm and dry summers (Solberg 2004). 
 
After dormancy release in midwinter budburst primarily takes place due to accumulation of heat 
in spring, which implies that onset of growth can be advanced with increasing temperatures 
(Schleip et al. 2008). Timing of growth cessation in Norway spruce, however, is controlled by 
daylength (Molmann et al. 2006), which is a very predictable and stable environmental cue. Alt-
hough frost damages in Norway spruce in the 1980s were primarily associated with southern 
provenances with late bud set (Skrøppa 1986), the advancement of budburst over the last 50 
years following increased spring temperatures (Schleip et al. 2008) indicate an increased risk of 
frost damages at the start of the growing season. 
 
Recent climate scenarios predict that vegetation zones of southern Scandinavia will move north-
wards 272-645 km by 2100 (Hickler et al. 2012), and it has been suggested to track the changes 
by use of transferred forest reproductive material (Koskela et al. 2007). Presently deliberate use 
of forest reproductive material, including use of tested and characterised seed orchard material 
and provenances, represents a major component of adaptation to climate change in Norwegian 
forestry. Bred material combine survival and robustness with specific quality measures in a wide 
range of environmental conditions, while maintaining genetic variation (Edvardsen et al. 2010). 
 
Norwegian seed orchards are presently based exclusively on Norwegian material, but this may 
change in the future. Increased use of seed orchard material and provenances that combine late 
budburst with intermediate timing of growth cessation may in the future be necessary. For ex-
ample, provenances from Belarus (belonging to the north European genetic lineage, see Figure 
8) have performed well both with respect to production and climatic adaptation in a wide range 
of environments in eastern and western Norway (T. Skrøppa, pers. com.). In western Norway 
Danish seed orchard material, originally based on German provenances, is also of interest, but 
remain to be tested. Considering the predicted climate change, forestry will benefit from having 
access to a diversity of provenances and seed orchard materials to avoid climate change related 
damages and to mitigate climate change by planting the best possible adapted forest reproduc-
tive material (Lindner et al. 2008).  
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7 Norway spruce afforestation on non-spruce habitats 
and its general impact on indigenous biodiversity  

 
Afforestation with Norway spruce in non-spruce habitats affects the indigenous biodiversity 
through changes in ecosystem processes (Aarrestad et al. 2013). Introduction of spruce into 
deciduous forests changes the structure, growth form and biomass production of the forest (Hall-
dorsson et al. 2007). A denser forest canopy reduces the solar radiation beneath the canopy and 
changes the microclimate, water balance and nutrient circulation within the forest. Along with a 
modified litter layer of different chemical composition and slower degradation rate, this contrib-
utes to a more acidic and nutrient-poor soil and a modified soil fauna (Mikola 1985; Frank 1994; 
Fjellberg et al. 2007; Spiecker 2003; Smolander et al. 2005). 
 
Changes in soil properties into less nutrient-rich soils and an altered microclimate lead to 
changes in plant species composition on the forest floor and, in general, to a lower plant species 
diversity within the forest (Stabbetorp & Nygaard 2005; Barbier et al. 2008). Dense plantations 
nearly lead to extinction of the ground vegetation within the forests. In particular, the fungal flora, 
and thus the interaction between mycorrhizal fungi and higher plants, is affected (Brandrud & 
Bendiksen 2001, 2002; Gjerde et al. 2012; Bendiksen 2013). Indigenous epiphytes, which are 
dependent on deciduous bark, may also be negatively affected (Hilmo et al. 2009; Wannebo-
Nilsen et al. 2010).  
 
In open farmlands, spruce plantations will probably have the same effects on the biodiversity as 
described for tree species change in forests. Especially light-demanding plants will decline, and 
the risk of loss of vascular plant diversity may here even be higher than in the forest, since open 
areas that are considered for new afforestation, such as less managed meadows in culture land-
scapes (Haugland et al. 2013), still houses a high number of vascular plants and fungi (Aarrestad 
et al. 2013). 
 
At the landscape level, planting of spruce will split up the natural variation in habitats, which may 
have effects on both vegetation and wildlife habitats by structural changes and modified interac-
tions in the food chain at different trophic levels (Yoccoz et al. 2001; 2005). Introducing spruce 
in areas in Norway where spruce does not have its natural distribution, may increase the biodi-
versity at the landscape scale by changing homogeneous landscapes consisting of birch and 
pine forests to a more diverse landscape (Gjerde 1993; Gjerde & Sætersdal 1997; Hausner et 
al. 2002, 2003). However, there is also a risk that indigenous species diversity may be reduced 
(Pedersen et al. 2010 a,b; Gjerde et al. 2005). Gjerde et al. (2005) found that a high relatively 
amount of spruce plantations within the landscape negatively affected the biodiversity of birds. 
Thus, certain threshold values of spruce plantations may affect the species diversity on the land-
scape level. 
 
The spread of Norway spruce from monoculture plantations into the surrounding landscape by 
seed dispersal may also be a threat to the indigenous biodiversity. The high shade tolerance of 
Norway spruce makes it very competitive to nearly all deciduous trees and the ground flora, and 
thus it has the possibility to change the dynamics of the habitats in the long run (Børset 1985; 
Tømmerås et al. 1996). Insect fauna that has Norway spruce as their main host and which feed 
on needles, flowers, cones and shoots, as well as species boring in the phloem an xylem of dead 
and dying wood, may spread to new areas (Nilssen 1976, 2010; Johansson et al. 1994). There 
are however few studies on the effects of dispersal of Norway spruce on indigenous biodiversity. 
Some biodiversity studies on Picea sitchensis reports negative effects on local biodiversity, ef-
fects that may also apply for the dispersal of Picea abies (Coote et al. 2008; Saure 2012; Sandvik 
2012a; Saure et al. 2013).  
 
In general, high diversity habitats are more affected than diversity poor habitats (Aarrestad et al. 
2013). PEFC (Programme for the Endorsement of Forest Certification) is the World’s largest 
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system for certification of sustainable forest management and products from sustainably man-
aged forests (http://www.pefcnorge.org/side.cfm?ID_kanal=11). The Norwegian PEFC Forest 
Standard states that wooded ombrotrophic bogs on the west coast of Norway, rich broadleaved 
deciduous forests (except blueberry oak forest at low and medium site quality), swamp forests, 
calcareous forests, open heather and buffer zones along watercourses should not be exposed 
to tree species change, due to negative impact on indigenous biodiversity. A common report 
from the Norwegian Environment Agency, the Norwegian Agricultural Authority and the Norwe-
gian Forest and Landscape Institute (Haugland et al. 2013), recommend that special considera-
tion should be taken for planting Norwegian spruce in areas important for biodiversity. This in-
cludes the environmental management regimes selected habitats (“utvalgte naturtyper”), red-
listed habitats (Lindgaard & Henriksen 2011), culture landscape with high to medium priority, 
habitats with high value for biodiversity and areas with species and habitats with red-listed spe-
cies and those that are red-listed due to data deficiency (Kålås et al. 2010). Thus, there is a 
consensus that afforestation in certain areas is strongly negative for the indigenous biodiversity. 
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8 Different provenances - different ecological impacts? 
A risk assessment  

 

8.1 Effects of different traits 
As shown above, various adaptive traits show great variability across Europe. The aim of any 
forest establishment is to take advantage of well growing and well adapted forest reproductive 
material. However, will non-native provenances in a given environment differ in ecological effects 
from local provenances? This question has been addressed by means of search in international 
literature bases as well as personal enquiries for “grey” literature (reports etc.). We were not able 
to find any relevant scientific literature about the topic. Neither were we successful in finding grey 
literature, even though we contacted colleagues all over Europe in the intergovernmental 
EUFORGEN community (http://www.euforgen.org/) where presently 25 European countries are 
participating.  
 
It can be argued that well growing and adaptable provenances may be more successful with 
respect to spread and colonisation, and as such, they might have greater ecological impact than 
less adaptable provenances. If introducing maladapted provenances, the overall viability and 
health of trees may be modest, leading to lower dispersal over the lifetime of trees than in the 
case of well-adapted provenances. We also know that non-local provenances in certain cases 
grow better and have less climatic damages than local provenances (Dietrichson 1977; Fottland 
& Skrøppa 1989; Skrøppa et al. 2005). However, provenance differences in ecological impact 
are difficult to quantify without well-designed long-term (decades) and high-resolution experi-
ments.  
 
The variation in adaptive (phenological) traits is not only about origin and provenances. It has 
been clearly shown that Norway spruce may adapt epigenetically to climate; trees produce off-
spring with notably later growth onset and later growth cessation under warm than cold summer 
temperatures (Kvaalen & Johnsen 2008, Skrøppa et al. 2010). This implies that offspring even 
from first-generation Norway spruce (e.g. from Germany) will have a growth rhythm more similar 
to local Norway spruce provenances. Thus, the effect of potential maladaptive phenology traits 
is reduced already in the second generation.  
 
As a result of a warmer climate, the possibility exists that some introduced provenances may 
spread more than local provenances as a consequence of better growth and vitality. On the other 
hand, southern provenances of interest usually have later growth cessation than local prove-
nances (Table 2). Therefore the period during which flowering buds can develop is delayed and 
may coincide with lower summer temperatures than what is the case in local provenances - 
leading to less flowering and seed production the following year. We have, however, no data or 
literature to support either scenario, suggesting that we should refrain from concluding on this 
matter. 
 
 

8.2 Effects on genetic diversity in native Norway spruce forests  
Norway spruce populations from the southern range and the northern range are genetically dis-
tinct due to separation over several ice ages (Figure 2). Planting of provenances from the south-
ern range in Norway may therefore affect the molecular genetic composition of the native Norway 
spruce and per definition affect the biodiversity. Conversely, adding genetically differentiated 
spruce material may increase the genetic diversity and thus per definition the biodiversity of tree 
populations. In simulations, it has been shown that introgression mainly takes place from the 
local to the invasive species (Currat et al. 2008). This asymmetry is expected to lead to relatively 
limited “pollution” of the gene pool of the native species. Genes from the invading species will 
moreover introgress the local species only if they are under very strong positive selection (Currat 
et al. 2008).  
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Concerning adaptive traits, some studies show that planted trees originating from southern lati-
tudes are more prone to frost damages on exposed sites in southern Scandinavia than trees of 
local provenances (Hannerz & Westin 2005), causing also a reduction in the timber quality of the 
spruce plantations (Skrøppa et al. 1993). This however, critically depends on the phenology of 
the material and how it matches the climate where it is used. As noted above, provenances from 
Belarus perform very well in a wide range of habitats in Scandinavia (see Chapter 4), and prov-
enances from Germany that are exposed to climatic damages in eastern Norway grow well in 
western Norway. In addition, the epigenetic adjustment of the growth rhythm implies that intro-
duced material becomes more similar to local material with respect to phenology after one gen-
eration (see Chapter 7.1). The effect of gene flow from one provenance to another may thus 
differ across the country depending on their frequency, how well they are adapted and if they are 
under positive selection.  
 
In a project investigating the causes of spruce dieback, the origin of the trees (determined to 
northern- or central European origin) were investigated using molecular markers. In this project 
it was found that central European origin slightly increased the probability to have spruce die-
back. There were, however, no clear correlation between spruce dieback and origin, rather was 
sprucedieback linked to how efficient the trees were in saving water during dry periods and soil 
type (Solberg et al. 2013).  
 
Trees in general and conifers in particular, have high genetic diversity due to remarkable high 
gene flow and high outcrossing rates. Pollen flow over five to ten kilometers is not uncommon 
for trees (Petit & Hampe 2006). In Norway spruce, spruce from the southern range and the north-
ern range met already during postglacial colonization about 6000 year ago and their ranges are 
now in contact (Figure 1). Populations are effectively connected by pollen flow over large dis-
tances (Vendramin et al. 2000; Tollefsrud et al. 2009), and the potential for long-distance disper-
sal of seeds is high (Piotti et al. 2009). Rare long-distance dispersal events of seeds in Norway 
spruce may range several hundred kilometers, such as post-glacial colonization of Scandinavia 
across the Baltic Sea (Giesecke & Bennet 2004; Tollefsrud et al. 2008). Still, extensive gene flow 
does not seem to compromise local adaptation in trees, as they are able to combine large genetic 
differentiation in adaptive traits with little differentiation at molecular markers (McKay & Latta 
2002; Petit & Hampe 2006).  
 
 

8.3 Effect of genetic diversity on associated biodiversity 
Plant genes have been shown to affect associated species, and different communities of organ-
isms (e.g. insects and microbes) have been shown to be associated with genetically distinct 
plants or animals forming community phenotypes (Whitham et al. 2006, 2012). Genotypic varia-
tion within foundation species can be particular influential for dependent species because they 
create locally stable conditions for other species (Whitham et al. 2006).  
 
Genotypes of individual trees may e.g. be associated with different arrays of phytochemical de-
fenses, which in turn have different arthropod community phenotypes (Whitham et al. 2006). For 
example, intra specific variation in Populus species was found to be associated with a) different 
community phenotypes of terrestrial arthropods living in tree canopies, b) endophytic fungi in-
habiting tree bark and c) aquatic macro-invertebrates. Populus angustifolia, P. fremontii and their 
hybrids were moreover associated with different arthropod communities (results on Populus re-
viewed in Whitham et al. 2006).  
 
In the boreal forest, the diversity of ectomycorrhizal (ECM) species is much greater than that of 
their host trees and in a study of Norway spruce it was shown that the ECM community structure 
varied among clones. In a field study on eight Norway spruce clones, the diversity of ECM was 
higher in taller trees compared to smaller trees. As the size of their root system did not account 
for the variation observed, it was suggested that it was the genetic pedigree of the clones that 
was responsible for different ECM communities (Korkama et al. 2006). Endophytic fungi are es-
pecially important litter decomposers. In a study of clonal trial of Norway spruce, it was found 
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that different spruce clones did not differ in needle litter decomposition. The community of endo-
phytic fungal decomposers varied however, among the slow- and fast-growing spruce clones in 
vitro (Korkama-Rajala et al.2008). More examples are given in Whitham et al. (2012). These are 
all examples of different genotypes being associated with different community phenotypes (com-
munity phenotypes relate to the effects of genes at levels higher than the population; Whitham 
et al. 2006). 
 
A growing body of evidence from community genetic studies suggest that ecosystem functions 
supported by plant species richness can also be provided by genetic diversity within plant spe-
cies. In oak e.g., it was found that damage due to ectophagous herbivores increased with the 
genetic diversity in oak sapling populations because of higher levels of damage in mixtures than 
in monocultures for all families, rather than due to the presence of more susceptible oak geno-
types in mixtures. Genetic diversity increased thus insect herbivory on oak saplings (Castag-
neyrol et al. 2012).  
 
Individual plant genotype variation can thus play a major role in structuring local communities in 
associated species of e.g. invertebrate, fungi, arthropods and pathogens. How these results re-
late to different spruce provenances has, however to our knowledge not been investigated. Alt-
hough most of the genetic variation within Norway spruce is found within populations, the use of 
different provenances will lead to an increase in genetic variability in general, and probably sup-
port an overall increase in associated biodiversity. 
 
 

8.4 Effects on indigenous species and habitats 
As described in Chapter 7, afforestation with Norway spruce may substantially affect biodiversity 
at the planting site. When it comes to differential effects on biodiversity of using contrasting prov-
enances, nothing is known. Through searches in national and international databases as well as 
personal enquiries at different forest and environmental research institutes in Europe, we have 
not been able to detect any studies related to effects of different provenances of Norway spruce 
on indigenous biodiversity. 
 
There have, however, been some studies on different provenances of Picea alba, Quercus robur 
and Fagus sylvatica. Provenance experiments with Abies alba in Vallumbrosa, North Italy, 
showed that the Calabrian fir, due to its vigorous growth, out-shaded the forest floor vegetation 
much more than the local fir (Bo Larson pers. comm.). Several Danish experiments comparing 
mid-European provenances with Calabrian fir, showed the same results (Larsen 1981). The Slo-
venian oak was not attacked by tortrix moths (Tortrix viridana), when introduced to North Ger-
many, due to later flowering of the oak. Obviously, the local moths were closely synchronised 
with the local oak’s phenology, and thus they had to adapt the Slovenian oak’s phenology 
(Wachter 2011). Thus, use of different provenances of trees can give different impacts on biodi-
versity.  
 
However, the possible different ecological impact of introduced versus local provenances is be-
yond any doubt of minor importance compared to the effects of afforestation itself (B. Larsen, 
pers. com.). What really matters is the density of the planted trees, the management of the plan-
tations, the relatively acid spruce litter and in what kind of habitat the afforestation occurs. Dense 
spruce monocultures with minor thinning reduces the ground vegetation cover within the forests, 
while more open plantation, especially spruce-deciduous polycultures, maintain some of the orig-
inal diversity (Frank et al. 1998; Wannebo-Nilsen et al. 2010; Felton et al. 2011; Gamfeldt et al. 
2013).  
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8.5 Criteria for ecological risk assessment - the Norwegian Species 
information Center - used on Norway spruce provenances 

 
The Norwegian Biodiversity Information Centre (NBIC) has a national responsibility for organiz-
ing the work on assessment of ecological impacts associated with species that are non-native to 
Norway (alien species), and to provide an overview of alien species found in Norway. In connec-
tion to the new blacklist in 2012 (Gederaas et al. 2012), NBIC developed a set of criteria based 
on quantitative measures to estimate the probability of establishment and spread (the invasion 
potential axis) and the effect on biodiversity (the ecological effect-axis). Thus, the ecological 
impact of the introduced species is evaluated using a combination of the two axes as shown in 
Figure 10, and the framework contains five impact categories: 
 

1. No known impact (NK) 
2. Low impact (LO) 
3. Potential high impact (PH) 
4. High impact (HI) 
5. Severe impact (SE) 

 

 
 
Figure 10. Ecological impact of introduced species as a combination of invasion ability (horizon-
tal axis) and ecological effect of establishment of the species (vertical axis). From Sandvik 
(2012b). 
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The invasion potential is assessed from data on: 
 
A  Expected population lifetime 
B  Mean expansion rate 
B1  Expansion velocity 
B2  Increase in area of occupancy 
C  Area of habitat type occupied 
 
 
The ecological effect is assessed from data on:  
 
D  Effects on native threatened or keystone species 
E  Effects on other native species 
F  Effects on threatened or rare habitat types 
G  Effects on other habitat types 
H  Transmission of genes (genetic introgression)  
I  Transmission of parasites or pathogens 
 
 
The method is developed for introduced species, and is mainly used for species that disperse 
naturally or unintentionally by humans. For detailed methods, see Sandvik (2012b). The ecolog-
ical impact of introduced provenances of a native species (e.g. Norway spruce) may, in principle, 
be evaluated in the same way as for introduced species. However, the introduced provenances 
are conspecific with a native element in the ecosystem, and often their ecological function will 
be identical. Thus, in practice, risk assessment of introduced provenances of Norway spruce is 
not straightforward. 
 
The ecological impact should be assessed in the spreading areas, and the offspring from intro-
duced provenances will be morphologically inseparable from the native provenances. Thus, it 
will be much more complicated to obtain information on points A to C above (life expectancy, 
expansion rate, area occupied) on conspecific provenances than for introduced species. Certain 
provenances can be identified by means of molecular markers, which allow provision of data on 
relative invasion potentials (x-axis). This would give some indication, as a higher invasion poten-
tial of either provenance would imply higher impact, provided if the ecological effect (y-axis) is 
about the same. However, spreading areas consisting of offspring from both native and intro-
duced provenances, as well as their hybrids, are likely to complicate assessment of ecological 
effect (y-axis) of the introduced provenance.  
 
When different provenances are not possible to separate by means of genetic markers (e.g. 
different Scandinavian provenances) it may be possible to use spatially separated provenances, 
and study the invasion potential and ecological effect in the surrounding areas. In such cases, 
when effects of different provenances are studied in different environments, the scientific power 
is, however, greatly reduced. Accordingly, ranking ecological impact of different provenances 
may be very resource demanding, and/or scientifically inadequate. Transmission of parasites or 
pathogens (point I above) should however be investigated, especially for imported provenances.  
 
Data concerning the invasion axes could be obtained from knowledge on where and to what 
extent different provenances are being used. This is registered today in the national register at 
the Norwegian Seed Centre. The historical records on where Norway spruce provenances from 
the southern range were planted in the 1950- and the 60ties, however, are scarce and unreliable. 
The expansion rate could probably be determined if careful investigations were performed using 
molecular markers, but probably only for provenances from the southern range since populations 
in the northern range are genetically very similar (see Chapter 3).  
 
The invasive potential of an introduced provenance differs from that of introduced species in 
several aspects, and introduced and native Norway spruce provenances are interfertile. Thus, a 



NINA Report 1075 

30 

provenance will not only disperse as a distinct unit, but it may also increase the genetic variability 
of the native populations. However, such gene exchange is not regarded as an ecological effect 
(Transmission of genes, point H above) according to the evaluation scheme. Transmission of 
genes in this context refers to different species (Sandvik 2012b). As transmission of genes is not 
defined at the subspecies level, nor at the provenance level, the criterion on transmission of 
genes is not relevant for Norway spruce. In the European distribution of Norway spruce (Picea 
abies) no taxonomical sub-level has been singled out.  
 
Thus, we see it very problematic to use the NBIC-criteria for risk assessment on foreign prove-
nances of Norway spruce. 
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9 Summary and conclusion 
 
Norway spruce (Picea abies) is a natural tree species in Norway, which migrated from a large 
refugium on the East European Plain, following the retreat of the Scandinavian Ice Sheet. How-
ever, there is also evidence for migration from periglacial environments in northwestern Scandi-
navia. The species is most related to Siberian spruce, which has a wide north Asian distribution. 
Some authors recognize them as two separate species. Others consider them, either as two 
closely related subspecies, Picea abies ssp. abies and ssp. obovata (Tutin et al. 1993), or two 
geographical races. Latest research suggest that they are two separated species with an intro-
gression zone along both sides of the Ural Mountains (Martin Lascoux and Yoshiaki Tsuda, pers. 
com; Tollefsrud et al. 2014). 
 
In Norway, the main natural distribution is in the eastern part of southern Norway, and in mid 
Norway from Sør-Trøndelag to Rana. In addition, there are numerous smaller occurrences in 
western Norway as well as a few populations in northern Norway, close to the Russian border. 
 
The genetic structure of Norway spruce is mainly shaped by historical factors like glacial survival 
and processes during postglacial colonization. However, present processes with large amount 
of gene flow over large distances also contribute to the genetic variation. The modern range of 
Norway spruce in Europe is divided into a northern and a southern part. Since Norway spruce 
populations are strongly interconnected with gene flow over large distances there are no sharp 
population boundaries in Europe. Some latitudinal and longitudinal substructures are however 
evident over northern Europe. These substructures are largely correlated with adaptive pheno-
typic traits, and thus also taken into account when breeding zones and region of provenance are 
defined. 
 
The term “provenance”, is defined by OECD as the area where the seeds are produced or a 
stand grows. The term thus not include the origin of the gene material. However, an OECD cer-
tificate/ or a similar certificate follow the plant material that is imported/exported, and here origin 
is given if it is known. It is thus possible to identify the origin of the forestry reproductive material 
in most cases. Foreign provenances from different parts of Europe have been used in afforesta-
tion in Norway for several decades. German and Austrian provenances have been by far the 
most imported sources. In addition, provenances from the Czech Republic/Slovenia and Sweden 
have been used, whereas contributions from Poland, Belarus, Denmark, Finland, Romania and 
Lithuania have been marginal.  
 
Provenances may differ in ecological traits, such as phenology, frost hardiness, growth- and 
spread potential. Various adaptive traits show great variability across Europe. Budburst is earlier 
in proveniences from Northern Scandinavia, Finland, high altitudes of Central European Alps 
and Western Europe compared with provenances from Central Russia, North-eastern Poland 
and the Eastern Baltic area. Growth cessation is also earliest in Northern Scandinavia and Fin-
land. Various provenances have been tested in Scandinavia in reciprocal field trials. The success 
of introduced provenances depends strongly on the climate of the planting site, and some prov-
enances perform well in various regions of Norway (various East European provenances) 
whereas other provenances have a more limited application (Continental provenances). The 
ability to produce seeds is strongly related to temperature, but it has not been possible to trace 
any relevant literature on provenance differences in seed production and spread.  
 
Afforestation with Norway spruce unquestionably affects the indigenous biodiversity through e.g. 
altered light conditions, water balance and nutrient cycling. Although it can be speculated that 
any better growing provenances will affect the indigenous biodiversity most, searches in national 
and international databases, as well as personal enquiries at different forest and environmental 
research institutes in Europe, have not uncovered any literature or studies in support of differen-
tial effects on biodiversity of different provenances of Norway spruce. However, it has been 
shown that intraspecific diversity in plants affect the composition of associated species (e.g. ar-
thropods, microbes and fungi). Even if different provenances affects the biodiversity differently, 
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these effects are probably marginal compared to the effects of afforestation with Norway spruce 
itself, where the density of the planted trees, the management of the plantation and the altered 
chemical composition of the soil are major determinants of altered biodiversity. The literature 
review, however, has clearly shown that the basic knowledge on effects of different Norway 
spruce provenances on indigenous biodiversity is poor, and there is a probably need for further 
research on this topic. 
 
Studies on ectomycorrhizal diversity e.g. would be very relevant for provenances differing in 
growth potential. One could argue, on the other hand, that it would be more important to investi-
gate the differences in associated species following especially imported plant material compared 
to associated species in the Norwegian Norway spruce forest. Intensifying international trade of 
plant material has facilitated the introduction of species to new areas and export trade has been 
one of the recognized pathways for the spread of forest pathogens (Stenlid et al. 2011). 
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