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Application. Genetic consequences of various modes of forest regeneration are reviewed. 
Forest regeneration plans should take into consideration both genetic diversity and inbreed- 
ing levels. Many forest regeneration practices may influence adaptive quantitative variation 
in ways that are not reflected by allozyme variation. 

Abstract. The influence of current forest management practices on gene pools is discussed. 
These forest management methods range from natural regeneration to replacing local 
species with exotics. Genetic changes caused by drift, alterations in the mating system, and 
directional selection are considered. A baseline is provided by information on genetic 
variation and demography of natural populations. While biochemical markers are useful for 
monitoring broad changes in genetic diversity or levels of inbreeding, changes of adaptive 
characters are likely to go undetected because of the low correlation in level and pattern of 
variation between biochemical and adaptive characters. 

Introduction 

Forest management has influenced gene pools of forest trees for long 
periods. Ancient people of the Middle East used the Cedar of Lebanon 
(Cedrus Zibani Loud.) for ship building and construction. They cut selec- 
tively, picking out the trees with straight trunks. As a result of millennia of 
dysgenic selection, they left behind only small areas of cedar forests with 
crooked stems and long branches (Beekeman 1949; Makkonen 1967). In 
Sweden and Finland, early harvesters of Scats pine (Pinus syfvestris L.) cut 
the tallest trees close to waterways for several centuries. The negative 
influence of these cutting habits are supposedly still seen along the most 
heavily used streams in Sweden (Lindquist 1946), but no scientific data 
are available. In Central Europe, replacing of native species and mixing of 
seed sources during the centuries has been so extensive that hardly any 
“natural” forests are left. 
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At present many tree species are domesticated, and more species are 
entering tree breeding and forest management programs. We should be 
well aware of the genetic changes that are caused by forestry practices 
(e.g., Ledig 1986). Some populations should be left in their natural state 
for ecosystem conservation and for future plant breeding needs. Tree 
breeding, considered as part of forest management (see Daniels 1984) by 
definition influences the genetic composition of populations. Some forest 
management practices may also result in unintentional changes in gene 
pools. Are we managing genetic resources better than the ancient Phoe- 
nicians did with their cedars? How is modern forestry practice influencing 
the genetic composition of populations? 

The natural state of forest tree populations, their genetic structure and 
demography, forms a point of reference for managed populations. The 
natural populations of all forest trees share many important traits. Most 
trees have high outcrossing rates. Temperate wind-pollinated conifers have 
average outcrossing rates of 0.9. Some insect pollinated trees have lower 
outcrossing rates, as for example many eucalypts with an average of 0.7 
(see Muona 1989, Table 1 for review). 

The outcrossing rates were measured from mature seeds. However, in 
the adult stage the genotypic proportions in most cases have been found 
to be in Hardy-Weinberg proportions. Seed production is high, and only a 
very low proportion of the seed survives to the adult stage. A Pinus 
sylvestris stand may start from a seed cohort of one to two million seeds 
per hectare, whereas there are less than a thousand adult trees per hectare 
in a mature stand (Koski and Tallqvist 1978). Some demographic data on 
Pinus sylvestris are given in Table 1. During the early life stages there is 
heavy mortality. Much of the mortality is random, but intense selection 
may also take place. For example, most trees display heavy inbreeding 
depression (see Sedgley and Griffin 1989, p. 208). Inbreds are eliminated 
in early development, among much random mortality, for example in 
Pinus sylvestris (Yazdani et al. 1985). In this species, as in many others, 
there is extensive pollen flow (Koski 1970). Due to this pollen migration, 
and due to segregation, many individual seedlings will not be adapted to 
the local climate. Part of the selection probably eliminates these individ- 
uals. In experimental plantings with seedlings from local seed of Pinus 
syZvestris, Eriksson et al. (1980) observed 20-40% mortality in the first 
20 years. 

Natural populations may have genetic spatial structure, which would be 
eliminated by forest regeneration by sowing or planting. However, pollen 
and seed dispersal are so efficient in most conifers that family structure 
seems to be weak or nonexistent (e.g., Epperson and Allard 1989). Bird- 
dispersed pines may occur in clusters of relatives (Fumier et al. 1987) 
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and animal pollinated species may have some family structure (Perry and 
Knowles 1991). Moran et al. (1989a) suggested that spatial genetic 
stucturing could explain the higher level of inbreeding in natural stands 
than in a seed orchard found in Euculyptz~~ regnans Mueller. Microenvi- 
ronmental selection could also create spatial sturucture, but this is likely 
reflected in adaptive quantitative characters, usually not in allozymes (e.g., 
Campbell 1979). 

Natural selection in the wild is expected to maximize total fitness, 
which consists of a viability and a fertility component. Forestry practices 
shift this goal: instead of maximizing seed yield, the aim is usually to 
maximize vegetative growth. In trying to achieve the goal, forestry prac- 
tices interfere with various life stages. Selective cutting, either picking the 
best trees or leaving the best trees to reproduce, may differ from the 
effects of natural viability selection. Natural regeneration changes densities 
and may alter mating systems of reproducing populations. In artificial 
regeneration, seeds of a different origin may be used. Production of 
genetically improved material brings about many desired and maybe some 
other changes in the genetic composition of the new population. Thus 
forestry influences both the viability and fertility components of selection. 

The intensity of forest management varies from natural regeneration to 
intensive industrial forestry. Forestry can cause many kinds of genetic 
changes. We shall consider whether forestry practices cause directional 
changes, whether drift due to small population sizes is important in 
causing decreases in diversity, and whether management practices cause 
alterations in the mating system that in turn influence the level of inbreed- 
ing. Forest management could also break microgeographic patterns of 
variation, where they exist. The aim is to evaluate critically what changes 
genetic markers, allozymes or restriction fragment length polymorphisms, 
will be able to detect, and where other kinds of methods must be em- 
ployed. We start with the most natural forestry practices and then con- 
sider modern intensive industrial forestry. 

Natural regeneration 

Selective cutting 

The ancient way to regenerate forest was to harvest the best trees and 
leave the rest to reproduce. The effects of this kind of management 
depend on the intensity of selection on parental trees (Zobel and Talbert 
1984). Even if he&abilities for height growth are fairly low in the natural 
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populations, long lasting intensive phenotypic selection may bring about 
genetic change, as in Cedrus libani. 

In shelterwood and seed tree regeneration, a relatively few large trees 
are left to reproduce. Will this kind of stands maintain sufficient genetic 
variability, or does selection of big trees result in directional change in 
genetic composition? Table 2 shows that the level of genetic variability is 
little altered in shelterwood and seed tree stands (Neale 1985; Yazdani et 
al. 1985; Cheliak et al. 1988). Nor was evidence of directional changes in 
frequencies of genetic markers found. Thus, selection for size has not 
influenced allozyme frequencies systematically, and population sizes are 
not small enough for drift to have a measureable influence in one genera- 
tion. From allozyme evidence, shelterwoods or seed tree stands seem to 
be a very natural way to regenerate forests. Forest fires have similar 
effects: after fires the biggest trees are most likely to remain alive and 
contribute progeny to the next generation (Wyant et al. 1986). 

Effects of the density of reproducing trees 

In seed tree and shelterwood stands the density is lower than in forests 
normally. If only a few trees are reproducing, the probability of inbreeding 
increases. The level of inbreeding can rise because of higher levels of 
selfing or matings between relatives. 

Farris and Mitton (1984) found some evidence of higher levels of 
selfing in low density stands of Pinus ponderosa Laws. On the other hand, 
Neale (1985), Neale and Adams (1985a), and Yazdani et al. (1985) did 
not find any additional selfing in low density stands of Pseudotsuga 
menziesii (Mirb.) Franc0 or Pinus sylvestris. In Pseudotsuga menziesii 
(Neale and Adams 1985a), the differences between densities were large, 
but no sign of increased selfing was found (see Table 3). In animal polli- 
nated plants, the density of populations could be more important, as 
Ellstrand et al. (1978) found in Helianthus annuus. 

The level of inbreeding is also affected by the size of the trees. Both 
very small conifer trees (Neale and Adams 1985b) and very big ones 
(Shea 1987) can have a higher level of selfing than average size trees. In 
small trees this may be due to weak separation of male and female strobili 
(Neale and Adams 1985b), and in big trees due to their high production 
of pollen (Shea 1987). However, increased selfing is not a problem in 
natural stands because of the early selection against inbreds. Loehle and 
Namkoong (1987) have pointed out that selection of the biggest trees 
could also mean that seed yields are lowered, if there is a negative correla- 
tion between seed production and growth, as was found by Schmidtling 
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(1981). However, as long as a sufficient number of trees are left, such 
selection would be advantageous for future timber production. 

Role of natural regeneration 

Natural regeneration allows only minor improvement because of low 
heritabilities. However, this kind of regeneration will probably be used in 
many areas for a long time to come. In some areas artificial regeneration is 
too expensive, in others natural regeneration is the method that works 
best. Environmental considerations may also lead to this kind of regenera- 
tion (Mahlein and Hemstrom 1988). Of the total area of Pinus sylvestris 
regenerated in Finland, almost half is natural (Yearbook of Forest Statis- 
tics 1987). 

Artificial regeneration: bulk seed 

Origin of the seed source 

In large clearcuts, where no shelterwood is left, regeneration must be 
artificial. Since seed orchards of many species are young, and their seed 
production insufficient, bulk seed lots from natural forests are commonly 
used (Zobel and Talbert 1984). Foresters have often used seed lots from 
outside the local area in order to improve yields, e.g., in northern Finland 
when regenerating Pinus sylvestris. When the biology of the species is not 
known sufficiently well, such transfers have resulted in failure of regenera- 
tion due to heavy mortality. Many wind pollinated conifers have large 
continuous populations, but they are highly differentiated in many charac- 
ters. For example, Pinus sylvestris has steep clinal variation in growth 
characteristics. In common garden experiments with Finnish material (lat. 
60-70 “N), Mikola (1982) found a two month range in bud-setting in the 
autumn. The correlation of median budset date with latitude of origin was 
-0.968. Similar latitudinal and altitudinal differentiation has been found 
in Pseudotsuga menziesii (Rehfeldt 1989) and Pinus contorta Loud. 
(Rehfeldt 1988). In transfer experiments such latitudinal and altitudinal 
differentiation is observed clearly. Even short range transfers of seedlings 
either to the north or to higher altitudes result in increased mortality in 
Pinus sylvestris (Eriksson et al. 1980). Provenance differentiation may also 
exist for other characters, e.g., disease resistance in Pseudotsuga menziesii 
(McDermott and Robinson 1989). Much of the quantitative variation 
is presumably adaptive in present environments, however, geographic 
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variation may also be generated by historical patterns of migration 
(Lagercrantz and Ryman 1990). 

In contrast to studies of adaptive traits, studies of biochemical markers 
have shown a near lack of differentiation between populations, with very 
low GsT values, usually less than 10 % (Hamrick 1983; Muona 1989). A 
cline of acid phosphatase allozymes in Picea abies (L.) Karst is one of the 
rare exceptions (Bergmarm 1978), but Tigerstedt (1973) found no differ- 
ences between a northern and a southern population in the same species 
at the same locus. Some indication of edaphic differentiation was given by 
data of Mitton et al. (1989) in Picea engelmannii (Parry) Engelm. and 
Millar (1989) in Pinus muricata D. Don. 

Common garden experiments show strong differentiation with respect 
to latitude or of origin in timing of growth or survival in Pinus syhestris 
and several other species. Allozyme variability shows very low levels of 
differentiation. This poses a limit on the usefulness of allozymes in con- 
trolling seed origin. 

Direct seeding 

Regeneration by sowing is used for Pinus sylvestris in Finland on about 
10% of the yearly regeneration (Yearbook of Forest Statistics 1987). The 
seed used for this purpose is normally bulk seed, from any natural stands 
or sometimes from selected seed collection stands. The number of seeds 
per hectare will be initially quite high, e.g., 50 000 (Table 1). This is, 
however, far lower than would obtain in a natural population, but does 
allow for heavy mortality in the early life stages. If the seed source was 
initially chosen correctly, the genotypic composition of the adult stand 
may resemble that of local stands. As more genetically improved seed 
becomes available, the use of sowing will probably decline. 

Seedlings from bulk seed 

We will here discuss general questions dealing with regenerating with 
seedlings, specifics of seed orchard seed will be dealt with later. Seedlings 
are produced in nurseries, under close to optimal conditions. These are 
then planted at a low density in regeneration areas (Table 1). Selection 
intensities in nurseries may be low, or the selection may differ from that in 
natural stands (see Kitzmiller 1990). The mortality in natural populations 
brings about genetic changes, e.g., elimination of inbreds. Some mortality 
is probably also due to lack of climatic adaptation in the seedlings (due to 
segregation and pollen migration). If such selection does not operate in 
nurseries, the result may be poor growth or heavy mortality in the field. 
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Table 1. Demography of natural and artificial regeneration of Pinus sylvestris in Finland 

Life stage Natural stands Sowing Planting 

Seeds 2 000000 50000 
Seedlings (3 yr.) 50000 2500 
Adult trees < 1000 < 1000 < 1000 

(n of individuals/hectare). 

This may result in stands that are too scarce. Such growing conditions will 
lead to decreased quality of the timber (see e.g., Barbour and Kellogg 
1990). 

A possible way to study selection in nurseries using allozymes is to 
monitor the elimination of inbreds, or to follow allelic frequency changes. 
We compared genetic changes that took place in a natural stand of Pinus 
sylvestris during the first years to those in a nursery (Muona et al. 19SS), 
but found only small differences at marker loci. It would be important to 
monitor the fate of inbreds in nurseries in species where the level of 
selfing is considerable and inbreds in natural stands are eliminated in the 
early years, as e.g., Eucalyptus regnans (Moran et al. 1989a). 

Regeneration with seed orchard seed 

Seedlings from seed orchard seeds are the most extensively used geneti- 
cally improved material for regeneration of coniferous forests. Wheeler 
(1992, this issue, pp. 311-328) has reviewed the use of allozymes in 
monitoring seed orchard function. Our perspective will deal with those 
genetic changes that are really a byproduct of the intended genetic im- 
provement. 

Genetic variability and inbreeding 

Seed orchards should provide genetically variable seeds. Most of the effort 
in measuring genetic variability in any organism has centered on expected 
heterozygosity. Measured in this way, drift depletes genetic variability very 
slowly, at the rate of 1/2N, per generation (where N, is the effective 
population size). It is evident that seed orchards with even moderate 
numbers of clones or genotypes will lose very little of the expected 
heterozygosity in one generation. The regenerated forests are not going to 
continue with this small population size. Instead, they will be regenerated 
with seed from orchards again. Additive genetic variability behaves as 
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expected heterozygosity, and is likely to be retained to a high degree. 
However, some of the important genetic variability may be in the form of 
rare alleles, e.g., disease resistance. Seed orchards typically contain such 
low numbers of clones that even fairly common alleles are lost (see 
Hattemer et al. 1982). Empirical results on variability in natural stands 
and seed orchards crops confirm that expected heterozygosities are similar 
in natural and managed populations (Table 2). 

Table 2. Expected heterozygosities (H,) at isozyme loci in natural and managed forests 

Species Natural Managed Stage Reference 

Pinus sylvestris 
Pinus sylvestris 
Pseudotsuga 
menziesii 

0.28 

0.21 
0.22 

0.27 (SO) seeds Muona and Harju 1989 
0.35 (SW) seeds Yazdani et al. 1985 
0.23 (SO) seeds Shaw and Allard 1982 
0.23 (SW) adults Neale 1985 

SO - seed orchard. SW - shelterwood or seed tree stand. 

The effective population size is usually much lower than the true 
number of clones because of variation in progeny number. In the orchards 
studied by Muona and Harju (1989) the effective sizes were about half 
the number of clones. Even so, little variability is lost in one generation. 
Even if variability was lost, it would be partly compensated for by back- 
ground pollination, which is extensive and difficult to avoid in the Finnish 
orchards studied. The number of alleles in the seed crop was clearly 
higher than in the orchard parental clones, due to background pollination 
(Ha+ and Muona 1989). These studies suggest that hardly any changes 
of variability occur in seed orchards at allozyme loci, though other genetic 
changes may occur (see below). 

Table 3 shows that in general seed orchards have no more inbreeding 
than natural stands. In Eucalyptus regnans less inbreeding was found in an 
orchard (Moran et al. 1989a). 

Directional genetic changes due to fertility selection? 

In the ideal seed orchard no fertility selection occurs. However, clones do 
not contribute equally to the offspring generation. There is extensive 
variation in female flowering and cone crops between the clones of e.g., 
Pinus sylvestris (e.g., Jonsson et al. 1976; Muona and Harju 1989), Picea 
abies (Eriksson et al. 1973), Pseudotsugu menziesii (El-Kassaby et al. 
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Table 3. Multilocus estimates of outcrossing (t,,,) in natural and managed forests 

Species Natural Managed Reference 

Pinus sylvestris 
Picea mariana 
Pseudotsuga 
menziesii 
Eucalyptus 
regnans 

0.94 0.98 (SO) 
0.70 0.84 (SO) 

0.98 0.95 (SW) 

0.74 0.91 (SO) 

Muona and Harju 1989 
Barrett et al. 1987 

Neale and Adams 1985 

Moran et al. 1989a 

SO - seed orchard, SW - shelterwood or seed tree stand. 

1989) and Pinus kesiya Royle ex Gordon (Sirikul and Luukkanen 1987) 
(see Muona 1989 for further references). The coefficients of variation of 
cone production ranged from 0.5 to 1 in Pinus sylvestris. Likewise, male 
fertility varies between clones in Pinus sylvestris and in other species 
(Muona and Harju 1989). The variation in male strobilus production is 
also reflected in the actual participation in fertilizations of the different 
clones, as shown by paternity analysis for Picea glauca (Moench) Voss by 
Schoen and Stewart (1986) and Pinus sylvestris by Muona and Karkkainen 
(1989). However, phenological effects may also be very important in 
determining mating success (Erickson and Adams 1989). In addition, 
male fertilities may vary after pollination (Schoen and Cheliak 1987). 
Total fertility variation thus is an important selective factor. This will 
probably not influence the frequencies of biochemical markers, which are 
likely to vary independently of the flowering variables. However, flowering 
variation may be negatively correlated with growth (e.g., Loehle and 
Namkoong 1987). Surprisingly, few data are available on such correlations 
(Sedgley and Griffin 1989). Skroppa and Tutturen (1985) found no 
correlation between flowering and growth in young Picea a&es, but 
Schmidtling (198 1) demonstrated a negative correlation in Pinus taeda L. 
Nikkanen and Velling (1987) found a negative correlation between 
vegetative growth and flowering in clones of Pinus sylvestris. Loehle and 
Namkoong (1987) also suggested that variation in sexual reproduction 
may be negatively correlated with resources allocated to defenses against 
pathogens. 

Even if there are some potential problems with seed orchards, genetic 
gains are achieved even in first generation orchards. Matheson et al. 
(1986) showed that in Pinus radiata Don trees from first generation seed 
orchards had considerably better volume growth (15-30%) than control 
seed lots, due to genetic improvement. 
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Correlations between levels of variability 

The use of biochemical markers in monitoring variability within popula- 
tions is based on the idea that they reflect the genome in general. How 
true is this assumption? There are examples of widespread species that 
have extensive allozyme and morphological and physiological variability, 
as for example Pinus sylvestris (Mikola 1982; Szmidt and Muona 1985; 
Muona and Harju 1989). Picea omorika (Pancid) Purkyne is a species 
with low morphological variability (Langner 1959), but it has been shown 
to have extensive genetic variability at marker loci (Kuittinen et al. 1991). 
One of the important trees in the reforestation of tropical areas is Acacia 
mangium Willd. This species is known to have hardly any allozyme 
variability, with expected heterozygosity 0.02 (Moran et al. 1989b). 
However, the populations contain much genetic variability for growth and 
physiological characters (Atipanumpai 1989). Finally, Pinus toweyana 
Parry ex Carr. has little variability in both kinds of traits (Ledig and 
Conkle 1983). Despite these examples of lack of concordance between 
levels of variability, allozymes are obviously useful when variability is 
monitored over time in a population or species, even if bottlenecks may 
have somewhat differing influences on variation at single loci and in 
quantitative characters (Lande 1980). 

Clonal forestry 

Clonal forestry is currently used for many broad-leaved species, e.g., 
eucalypts and poplars. Among conifers, Cryptomeria japonica (L. F.) D. 
Don, Pinus radiata and Picea abies are species where the technology is 
available (Zobel and Talbert 1984). As techniques are developed, the 
share of clonal forestry will increase. Modern biotechnology can be most 
rapidly integrated into tree breeding with the aid of vegetative propagation 
(Cheliak and Rogers 1990). In theory clonal forestry allows complete 
control over the genotypic composition of the plantation. The risks asso- 
ciated with a genetically uniform plantation with a low number of clones 
have been discussed intensively for years (see e.g., Benzer et al. 1988 for 
references). Many technical problems, for example with respect to genetic 
variation between genotypes in the ease of cloning, remain to be solved. 
As discussed above in connection with flowering variation, genetic cor- 
relations could lead to concomitant selection on other traits. The clones to 
be used in plantations are thoroughly tested for their production and 
adaptive characters. Marker genes have a minor role in monitoring genetic 
changes due to these practices. In species where regeneration takes place 
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by seeds, the markers allow observation of the genetic effects of the 
reproductive cycle. Since this cycle is missing in clonal propagation, the 
genetic composition of the population can be monitored directly. Marker 
genes are used as technical aids, for example in identifying clones. 

Exotic species 

Exotic tree species have been used extensively for centuries to increase 
yields (Zobel et al. 1987). In Europe, conifer forests have to a large 
degree replaced native deciduous forests. The species that are used as 
exotics are often ecologically and genetically well known, as Pinus contorta, 
Pinus radiata, many eucalypts or acacias (see e.g., Turnbull 1987). One of 
the reasons for growing exotics rather than local species is that their 
biology and silvicultural requirements are well known (Evans 1987; Booth 
et al. 1988). Similar genetic considerations apply to these species as have 
been discussed above. Genetic markers are helpful in assessing how much 
of the variation in native populations has been included with the introduc- 
tions. For older introductions, the initial sources may be unknown. Moran 
and Bell (1987) were able to infer the main sources of Australian Pinus 
radiata by comparing the original and introduced populations. 

When exotics are planted, native forests are being replaced. In Europe 
this occurred so long ago that it is hardly remembered. At present, the 
disappearance of tropical rain forests is a major concern. Currently, every 
minute, 20 ha of forest are being converted or destroyed, and less than 
one hectare for every 10 hectares is reforested (Burley 1988). Much of 
the disappearance of forests is not due to “forest management,” but to 
diverse social and economic pressures (FAO 1985). Plantation forestry 
may sometimes reduce pressure on natural tropical forests, because the 
yields can be four to ten times higher than in natural forests (FAO 1985; 
Gladstone and Ledig 1990). The protection of genetic diversity in tropical 
forests should be of interest to foresters. The genetic resources of tropical 
species are needed for future breeding, and for ecosystem stability (Ledig 
1986). 

Conclusions 

Foresters interfere massively with many aspects of the trees’ life cycle in 
tree breeding and silviculture. Forestry practices range from selective 
cutting and leaving of seed trees to replacing local species with exotics. It 
is important to be aware of the kinds of genetic changes that are to be 
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expected along with these practices. There are both short term and long 
term considerations. In the short term, forestry practices should result in 
productive stands that are able to tolerate the environmental variation for 
the duration of the rotation. Natural regeneration and regeneration with 
bulk or orchard seed should mostly satisfy the requirements for genetically 
variable non-inbred seed. Foresters are also concerned with the quality of 
the wood produced (e.g., Barbour and Kellogg 1990). If plantations start 
with a low density, and heavy mortality occurs, the resulting stand will be 
quite sparse. Even with good genetic material, the result may be of poorer 
quality wood due to excessive branching. In using clonal forestry, the level 
of genetic variability may decrease considerably from that of natural 
populations. However, in this case foresters opt to take a calculated risk. 
The desired level of diversity will depend on the species, environment, and 
rotation age. 

The longer term concern is the maintenance of reservoirs of genetic 
variability. This is needed for current breeding programs, and more 
importantly, for future needs. Important changes in the environmental 
conditions occur with climates being changed by the greenhouse effect and 
environmental pollution. Also, the requirements set by industry for wood 
production may change. As more and more forest land comes under 
intensive management practices, do any forests remain in a completely 
natural condition? Even if populations are maintained in a natural condi- 
tion, isolation is not possible, and pollen from commercial stands will form 
part of the next generation’s gene pool. Forest geneticists are exploring the 
need for differently managed populations for breeding and conservation 
(e.g., Namkoong 1989). 

Current public debate on forestry practices deals mainly with two 
topics. In temperate areas, the debate revolves around choices between 
intensive industrial forestry and a more “natural” kind of management, 
often called New Forestry (Hasenkamp 1978; Mahlein and Hemstrom 
1988; Franklin 1988). Genetics does not enter into the discussion often, 
except at the level of maintaining species diversity (e.g., Mahlein and 
Hemstrom 1988). When diversity within tree species is considered, most 
alternative modes of regeneration will likely maintain sufficient diversity. 

The other intensely discussed topic is tropical forestry. Genetic re- 
sources are frequently mentioned as a reason for conserving native rain- 
forests (e.g., Burley 1988). Again, the genetic issues primarily concern 
species-level diversity. The extinctions of species due to modification of 
environment are taking place so rapidly that the question of loss of genetic 
variability within species is moot: all individuals may have disappeared 
before drift has a chance to operate. The many ecological causes of 
extinction often operate before lack of genetic variation becomes an issue 
(Lande 1988). 
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What role do genetic markers have in following these changes? So far, 
the research has mainly used allozymes, but in the near future more 
numerous DNA markers will become available (Neale 1992, this issue, 
pp. 391-407). Allozymes have proved useful in measuring mating sys- 
tems and inbreeding levels. So far, there have been few reports of a useful 
correlation between levels and patterns of variability of allozymes and 
adaptive morphological and physiological characters. This limits the use- 
fulness of allozyme markers in monitoring the important genetic changes. 
Random DNA-level markers are not likely to fare much better. However, 
by saturating chromosomes, eventually we should be able to use DNA- 
markers to identify important quantitative trait loci (QTLs). If sufficiently 
tight associations between markers and QTLs are found, then maybe 
DNA markers can provide a short cut to monitoring to what happens with 
adaptive characters, at least in specific families or populations. Strauss and 
Tsai (1988) demonstrated that there is some clinal variation in the number 
of rDNA repeat units in Pseudotsuga menziesii. Methods are being im- 
proved for detecting variation at single copy regions (Neale 1992, this 
issue, pp. 391-407). The main use of this variation will certainly be to aid 
directly in tree breeding, but when such variation is detected, it can also 
be used for monitoring genetic changes in cultivated and conservation 
populations. 
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