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Abstract 
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The paper reviews the present state of knowledge of genetic variation in the main native 
European forest trees species. Isozyrne tests have already shown that as a group these forest 
trees are extremely variable both in terrns of number of alleles per locus and the level of 
heterozygosity in populations. The maintenance of high levels of intrapopulation genetic 
variation in many of these trees is interpreted as a necessary strategy to survive in the 
heterogeneous environmental conditions that these long-lived plants face. Suggestions are 
offered how to preserve such vital genetic variation in forest tree populations in face of 
increasing environrnental stresses. 

Compared to environmental conditions of crops and other economically important plant 
species, forest environments are extremely heterogeneous in time and in space. 

Most fOl'est tree populations can be considered as wild populations which are exposed 
to highly variable constellations of stress factors. Due to limited efficiency, provisions for 
plant protection and amelioration of forest sites are rather the exception than the rule. 
Changes in environmental stress conditions cannot be predicted in long-lived tree 
popu lations. 

Such environmental heterogeneity severely challenges the ability of forest tree 
populations to adapt genetically and thus to survive. The adaptive potential of forest tree 
populations is determined by the realized amount and pattern of genetic variation. 
Consequently, genetic variation (e.g. heterozygosities, genetic multiplicity, diversity, 
differentiation) is considered as a parameter of stability of complex forest ecosystems. 

The objective of this contribution is to review the present state of knowledge on genetic 
variation within predominant native European forest tree species and to infer briefly on 
short comings and research needs. 
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Materials and methods 

The majority of genetic studies on intra- and interpopulational genetic variation employ 
enzyme gene markers. Molecular genetic markers (RFLP, VNTR, RAPD) imply extremely 
high information potential but are not yet utilized for large scale routine monitoring of 
multilocus genotypes of individuaI trees. Other markers like terpens (only conifers), 
polyphenoles or immunoproteins show limitations in the scoring of multilocus genotypes 
due lo ambiguities in the verification of its genetic control and/or mode of inheritance (for 
detail s see MOller-Starck & al. 1992). 

lntrapopulational variation is characterized by means of the average number of alleles 
per locus and the observed and expected heterozygosities (Ha, He; see Table I). The most 

frequentl y employed measure for interpopulational variation is GST (Nei 1973). In order to 

summarize information for each species, results from different studies were weighted 
because the respective sample sizes and number of studied 10ci varied tremendously. The 
number of studied gene loci was weighted by the number of individuals, the remaining 
parameters by the number of individuals and of gene loc i. 

Results and discussion 

Table I refers to fore st tree species which are commonly considered to be ecologieally 
and/or eeonomically important. Populations of these species are managed predominantly 
as natural populations. Data are selccted from MOller-Starck (1991, 1992). For Quercus 
species, recent results (Zanetto & al. 1994) were supplemented . The compiled resu lts 
reveal substantial variation among spec ies with respect to intra- and interpopul ational 
genetic variation. Within species, observed patterns of genetic variation can deviate 
substantially among studies. In T ab le I, an attempt is made to brietly summari ze 
characteristic trends with re spect to genetic variation. 

Table 1. Compilation 01 data on genetic variation in European tree species. Results reler 
to adult trees unless asterisks indicate embryos or juvenile plants. Observed or expected 
heterozygosities (H) a re indexed by (a) or (e). The number 01 populations is given in 
brackets il data reler to a s ubset. 

Tota l Weighted arithmetic means Comments 
number 01 gene al leles H GST 

pop. indiv. loci per locus (%) (%) 

Coniferous tre e species: 
Abies alba Mill . Maximum individuai 

variability 
104 2856 6.6 2.1 197

) 49 .0Iall
) (heterozygosities) but 

relatively low proportion 
41.6Ie

,5) 01 polymorphic loei. 
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Total Weighted arithmetic means Comments 
number 01 gene alleles H G

ST 

pop. indiv. loci per locus (%) (%) 

Larix decidua Mill. 
12 1020 17.6 1.9 16.31el 2.61111 Studies only in a small 

part 01 the geographic 
range; relatively low in-
tra- and interpopulational 
variation. 

Picea abies (L.) Karst. Heterogeneity 01 results 
(Iarge geo-

21 1 16795 10.5 2.1 12.810;951 4.7'1341 graphic range); low 
heterozygosities 

29.3Ie;431 (Ha); relatively small 
differentiation 
(for compari so n see 
Pinus sy/vestris) 

Pinus cembra (L. ) (inGl. varo sibirica Loud.) Extraordinarily great 
inter-populational 

12 264 8.7 1.8 12.8 32.0 genetic variation in 
geographically distant 

24.01el habitats. 

Pinus nigra Arnold Great intra- and 
remarkably large 

79 7132 3.8 2.5 27.21e281 10.81681 inter-populational 
variation (subdivided 
(disjunct) geographic 
range). 

Pinus sy/vestris L. Large geographic range; 
much greater 

74 2963 6 .5 3.4'661 34.8Ia451 3.5,401 intrapopulational 
variat ion than 

33.7Ie.181 Picea abies but smaller 
variation among 

12* 1479 11.1 3.1 26.810
;91 1.5 populations (probably 

not so many different 
27.7'e31 glacial reluges). 



46 Miiller-Starck: Survey of genetic variation ... 

Total Weighted arithmetic means Comments 
numberol gene alleles H GST 

pop. indiv. loci per locus (%) (%) 

Deciduous tree species: 
Castanea sativa Mill. Relatively little 

intrapopulati onal 
46 1040 14.6 1.9 25.9Ia;311 12.2 vari ation as compared to 

other deciduous species; 
21.0Ie;151 large interpopulational 

13' 1313 8.0 2.1 variation only in case 01 
geographically distant 
habitats. 

Fagus sy/vatica L. Very large 
intrapopulational varia-

293 12801 5.6 2.3 28.ia;1461 5.411401 tion but relatively small 
genetic differentiation 

7* 2095 6.6 3.1 23 .1 1al among populations 
(Iittle more than in Picea 
abies) . 

Quercus petraea Liebl. Very large 
intrapopu lational varia-

37* 4615 14.7 3.2 21.91a51 2 .0 tion but smaller genetic 
27.5Ie;32) differentiation among 

populations than other 
7 840 13.0 3.7 24.51el 3.2 species withlarge 

conti nuous geo graphic 
ranges (e.g . Fagus 
sy/vatica) . 

Quercus robur L. 
5' 830 13.0 3.2 21.31al 1.8 Very similar trends to 

those observed in 
7 840 13.0 3.5 25.21el 2.4 popu lations of Quercus 

petraea. 

The following c1assification is suggested: 

- Species with large geograph ical ranges such as Picea abies. Pinus sy/vestris or Fagus 
sylvatica, tend to show liule genetic differentiation among populations within regions, 
but greater differentiation among populations derived from different glacial refugia 
(continuous species). 
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- Species with large geographic ranges, but subdivided into different subspecies (races) 
such as Pinus nigra , reveal Iittle interpopulational variation within subspecies, but great 
differentiation among subspecies (disjunct species). 

- Species with small and geographically disjunct ranges Iike Abies alba tend to show 
moderate interpopulational differentiation and considerable intrapopulational genetic 
variation (endemic species). 

In order to compare geneticaIly forest trees with other species, results of studies are 
summarized in Tab1e 2 which ali refer to enzyme gene markers . As can be seen there , 
observed heterozygosities indicate high Ievels of individuaI genetic variation in fOl·est trees 
as compared to other species with inclusion of agricultural crops. At the population level , 
a corresponding surplus does not seem to be evident. 

For better illustration, the potenti al of fol·ming genetically different multilocus 
genotypes was compared between forest tree species and 'monocots. For tre e populations, 
results from recent studies in high elevated stands of Norway spruce (Picea abies (L.) 
Karst.) in Switzerland were utilized: Based on 17 polymorphic gene loci, the average 
number of aIle1es per locus was 2.5 (13 indigeneous populations with 100 studied 
individuals per population). 

Under such conditions, a max imum number of 76 527 504 000 genetically different 17 
locus types can be formed hypothetically. The corresponding number of 
monocotyledonous individuals would be 472 392 (1.72 alleles per locus). 

Table 2. Observed heterozygosity (H.) and number of allei es per locus for European forest 
tree species in contrast to monocotyledonous/dicotyledonous species. ('I MLiller-Starck 
1991 , 21 Mitton 1983,31 Hamrick & Godt 1990). 

Coniferous tree species 
Deciduous tree species 

Monocotyledonous species 
Dicotyledonous species* 

* Excluding tree species. 

Number of 
species 

10 
6 

28 21,80 31 

74 21 ,338 31 

Average 
hetero

zygosity (Ha) 

25.1 % 11 

23 .0 % '1 

16.5 % 21 
11.3 % 21 

Average number 
of alleles 
per locus 

2.2 11 

2 .7 '1 

1.7 31 

1.4 31 

The maintenance of such high levels of intrapopulational genetic variation in fOl·est tre e 
populations is interpreted as a necessary strategy to survive in heterogeneous 
environmental conditions. 
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Conclusions 

Forest tre e populations cover a wide range of environmental conditions. Genetic 
inventories are therefore confronted with a large number of variable population and site 
characteristics. Under such conditions, individuaI studies are not necessarily 
representative. The entirety of results suggests the above given trends which have to be 
confirmed by further studies . 

Generally, information on genetic variation in European tree populations is stili very 
small and refers to some major tree species but not to numerous other species which are 
part of significant forest ecosystems (e.g. genera Acer. Alnus. Fraxinus. Tilia. Ulmus). 
Generally, inventories on genetic variation and its dynamics in tree populations need to be 
intensified in arder to quantify genetic resources of species which are significant elements 
in European forest ecosystems. 

A severe problem of many forest ecosystems is the threat by increasing environmental 
stress as a consequence of edaphic, biotic and also climatic changes. Forest practices 
which reduce the natural genetic variability can magnify thc negati ve impacts of stress 
conditions. In arder to maintain the adaptability of forest tree populations to changing 
environments, and thus maintain their multiple environmental. social and economie 
functions, the following provisions are suggested: 

(a) Elaboration of concepts to avoid genetic destabi lization following losses of genetic 
variation and occurrence of inbreeding. 

(b) I ncrcase of gcnetic variation in genetically impoveri shcd populations and reproductivc 
material respectively (based on results of genetic inventories) . 

(c) Quantification of genetic resourccs and long term conservation of genetic variability 
with main emphasis on in situ conservation by mcans of reservation forests. 

The challenging research tasks in complex forest ecosystems, which are increas ingly 
thrcatened by environmental stress, require close cooperation betwcen European working 
groups and nced further political support. 

References 

Hamrick, .I. L. & Godt, M . .I. W. 1990: Allozymc diversity in plant species. - Pp. 43 -63 in: Brown, 
H. D. , C1egg, M. T., Kah ler, A. L. & We ir, B. S. (ed.) , Plant Population Genetics, Breeding 
and Genetic Resources. - S inauer Ass. Inc. , Sunderland, Mass. 

Mitton , J. B. 1983: Conifers. - Pp . 443-472 in: Tanksley, S. D. & Onon Th. J. (ed.), Isozymes in 
Plant Genetics and Breeding, Pan B. - Eisevier, Amsterdam, New York . 

Mliller-Starck, G. 1991 : Survey or genetic variation as inferred l'rom enzyme gene markers. - Pp. 
20-37 in: Mliller-Starck, G. & Ziehe, M. (ed.), Genetic Variation in European Popul ations or 
Forest Trees. - Sauerltinder's Verlag, Frankfurt a. M. 

-, Baradat, P. & Bergmann, F. 1992: Genetic variation within European tree spccies. - New 
Forests 6: 23-47. 

Nei, M. 1973: Analysis 01' gene diversity in subdi vided populations. - Proc . Na t. Acad. Sci. USA 
70(12): 3321-3323 



Bocconea 7 - 1997 49 

Zanetto, A., Roussel , G. & Kremer, A. 1994: Geographic variation 01' inter-specitìc differentiation 
between Quercus rabur L. and Quercus perraea (Matl.) Liebl. - Forest Genetics 1(2): 111 -
123 

Address of the author: 
Dr. G. Mi.iller-Starck, Swiss Federai Institute for Forest, Snow and Landscape 
Research , Zi.ircherstrasse III , CH-8903 Birmensdorf ZH, Switzerland. 

(Present address: University of Munich, Faculty or Forest Scicnces 
Hohenbachernstral3e 22, D-85354 Freising , Germany.) 


