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Abstract

Bila, A.D. 2000. Fertility variation and its effects on gene diversity in forest tree populations. Doctor’s dissertation.

ISSN 1401-6230, ISBN 91-576-6050-6

Differences in fertility among parents influence progeny relatedness, inbreeding and diversity, they should therefore be evaluated and their impacts mitigated. Flower, pollen, fruit and seed production was used to estimate fertility variation from observations in natural stands, plantations and seed orchards. Fertility variation was also compiled from the literature. Differences in fertility are described by the power function y = xa  (a ( 1), where y is the accumulative parental contribution to the progeny and x the ranked proportion of parents. Fertility variations were also described by the sibling coefficient A, which expresses how parents vary in fertility and the likelihood for sibs to occur compared with the situation when parents contribute equally to the gamete pool. A=a=1 when all individuals in the population have the same fertility, and both parameters increase with unbalanced parental contributions to the progeny. Tree fertility varied widely with some parents over- and others under- represented in the gamete pool. The power function exponent and the sibling coefficient were higher than 1 in most populations studied. Fertility variation was higher in stands than in seed orchards, and in both cases only about 15% of observations had A values close to 1. Age and flowering abundance appear to have a great impact on fertility variation, higher A values were observed in young populations and during poor flowering years. The increase on group coancestry and the reduction in gene diversity with increasing differences in fertility among parents was quantified. It was also described how relatedness accumulates over generation shifts as a function of differences in fertility. Making parents contribute as uniformly as possible to the progeny, e.g., by collecting the same amount of seed across the population, reduced relatedness and gene diversity was better preserved. The loss of gene diversity at generation shifts is inversely proportional to the number of parents, and using a large number of parents is a way to preserve gene diversity. Knowing the magnitude of fertility variation, the number of parents can be chosen to obtain the desired gene diversity.
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Introduction

Background

Tree seeds represent the mechanism by which most new forests are established and genetic variation transmitted from one generation to another (Skøppa 1994, Edwards and El-Kassaby 1996). In managed forests, seed trees left in the stand assure natural regeneration after harvesting while the seeds used in sowing and planting are collected from natural forests, plantations or are produced in seed stands and seed orchards.

Natural regeneration by seed trees, supplemented by sowing or planting as necessary, is common in temperate and boreal regions. Seeds collected from good phenotypes or produced in selected seed stands are used worldwide. For the most important commercial species, these are interim seed sources until more permanent seed orchards become available (Zobel and Talbert 1984; Eldridge et al. 1993; Schultz 1999; Sutton 1999). 

There is a concern about the effective number of parents in stands and seed orchards. In general, it has been found that only a fraction of individuals in the population contributes to the gamete pool and has its genes transmitted to the progeny generation (Eriksson et al. 1973; Griffin 1982; Rawat et al. 1992; El-Kassaby 1995). This may increase the accumulation of relatedness, inbreeding and loss of gene diversity (Lindgren et al. 1996; Kjær 1996).  

The ability to reproduce, that is, to produce pollen and seed, is one of the most important factors in evolution and genetic management of populations. It should be evaluated and taken into consideration when designing and developing tree improvement and genetic conservation programs (Crossa and Vencovsky 1994; Meffe and Carroll 1997; Rodrigues 1999; Varghese et al. 2000). 

Fertility is broadly defined as the individual’s relative number of successful gametes (Gregorius 1989). For monoecious and hermaphroditic species, like the majority of forest trees, fertility can be regarded as the number of progeny fathered or mothered by an individual relative to all population (Devlin and Ellstrand 1990). Plant fertility is seldom observed directly; most studies estimate fertility from observations of the amount of reproductive structures such as cones, flowers, pollen, fruits and seeds, and from paternity analysis (Schoen and Cheliak 1987; Nakamura and Wheeler 1992; Savolainen et al. 1993; Stoehr et al. 1998). 

Large differences in fertility have been reported among individuals within populations of forest tree species (Xie and Knowles 1992; Chaisurisri and El-Kassaby 1993; Were 1998). For example, in seed orchards, maternal and paternal imbalance among families and clones is common and a small number of genotypes contribute most of the offspring from the orchard (Rawat 1992; El-Kassaby 1995; Adams and Kunze 1996). Differences in male and female fertility have been also reported in plantations (Caron and Powell 1988), and stands (Shea 1987). The genotype of the individual (Matziris 1998), its environment (Freeman et al. 1981; Sidhu and Staniforth 1986) and the management practices (Sweet 1995; Eriksson 1996) have been recognised as factors affecting plant fertility.  

Most reproductive traits are considered under moderate genetic control (Bryam et al. 1986; Fries 1994), so variation in fertility should be expected within and among forest tree populations. Consistently good and poor pollen- and seed-producing genotypes have been described in several seed orchards (Eriksson et al. 1973; Burczyk and Chalupka 1997; Kang and Lindgren 1998), plantations (Healy et al. 1999) and natural stands (Linhart et al. 1979).

A successful reproductive cycle is preceded by floral initiation, development of ovules and stamens, adequate pollination, successful fertilization and complete development of seeds and fruits (Owens 1995). Each of these episodes affects plant fertility, is influenced by the environment and ought to be possible to manipulate. The longer is the reproductive cycle, the greater are the opportunities for climate and other factors to affect plant fertility. The duration of the reproductive cycle is correlated with growth habit, which, in turn, is governed by climate (Sedgley and Griffin 1989). Tropical and subtropical species have long growing seasons, are not subjected to subzero winter conditions that kill leaves and buds, and have a short period between floral initiation and anthesis. In contrast, temperate species have a short growing period due to the long, cold winter. Bud initiation occurs during the summer and autumn preceding the year in which anthesis occurs. Growth and development resume the following spring, resulting in anthesis, as early as possible, so that fruit development and seed dispersal occur before the next winter. The result is a long reproductive cycle in temperate conifers and hardwoods, which may last 2 to 3 years from floral initiation to seed dispersal (Owens and Black 1985; Philipson 1997).    

Several environmental factors, e.g., temperature, light, water supply and nutrition, are known to play an important role in floral initiation and development, but the mechanism involved is not well understood (Matthews 1963; Owens and Black 1985; Kinnaird 1992). The effects of these factors might be through changes in water status, mineral availability, rate and amount of assimilate, and/or changes in production of, and reaction to, endogenous growth substances (Lyndon 1992). The influence of light, water and nutrient supply on fertility has been demonstrated in seed stands and seed orchards, where flowering, pollen and seed production increase following irrigation, nutrient application, and thinning (Powell and White 1994; Setiawati and Sweet 1995; Sweet 1995; Healy et al. 1999). Other commonly used management practices with similar objectives include hormone application, stem girdling, crown and root pruning. The increase in flowering by hormone application, root pruning and stem girdling has been reported for various southern US species of Pinus (Sprague et al. 1979), Pinus sylvestris (Eriksson et al. 1998), Picea mariana (Ho 1991), Picea glauca (Ross 1992), Picea abies (Eriksson 1996), Tsuga heterophylla (Harrison and Owens 1992), and Larix spp. (Bonnet-Masimbert et al. 1998).

The environment appears to affect female and male fertility differently. For example, in monoecious species pollen production dominates on dry sites, while seed and fruit production are expressed more on wetter sites (Freeman et al. 1981; Lloyd and Bawa 1984). In general, it seems that environments favouring growth also enhance production of female flowers, whereas less favourable conditions are associated with male flowers. These observations corroborate findings that female sexuality is more costly than male sexuality, due to the additional cost of seed and fruit production (Meagher 1988). A similar effect has been reported for tree age. Female flowers dominate in young individuals, while male flowers appear some years later (Matthews 1963; Caron and Powell 1988). The contribution of young individuals to the pollen pool is limited and increases with age. Tree size also influences individual fertility. As indicated by Weiner (1988) and Crawley (1997), if pollination is not a limiting factor, reproductive output is roughly a linear function of tree size in most tree species. Correlations between descriptors of plant size, particularly stem diameter and crown size, and pollen and seed production have been found in many forest tree species (Clausen 1979; Nikkanen and Velling 1987; Dow and Ashley 1998). Pollen production increased with ramet size in Pinus sylvestris seed orchards in Finland (Pakkanen and Pulkkinen 1991). In stands of Tectona grandis, flowering and fruit production are higher in dominant and co-dominant trees (Hedegart 1976). The best competitors are also successful parents. 

Most temperate forest species are wind pollinated. Temperature, wind speed, rain during pollen dispersal, and the physical distribution of inter-pollinating trees are considered important factors for successful pollination (Owens and Black 1985; Sedgley and Griffin 1989). Dominant winds in one direction and the spatial arrangement of parents may isolate some individuals from pollen, and thus affect the expression of their fertility (Erickson and Adams 1989; Di-Giovanni and Kevan 1991). Density dependence reproductive success has been reported in anemophilous species (Allison 1990; Sorensen and Webber 1997; Worrell et al. 1999). In general, the production of viable seeds increases with diminution in neighbour distance (Arista and Talavera 1996). 

Animals, mostly insects, pollinate the majority of tropical tree species (Bawa 1992). Pollination is a complex process that results from interaction between animal and plant, and is conditioned by the environment prior to and during anthesis. Rain, temperature and wind influence foraging and behaviour of many pollinators and affect pollination, fruit and seed production. For example, there is little insect activity during the flowering period when temperature is below 10°C or exceeds 36°C (Sedgely and Griffin 1989), or during heavy rain. Limited activity of pollinators significantly reduces fruit and seed production in T. grandis (Hedegart 1976). In general, pollinator activity is maximised on sheltered sites, where weather is mild and sunny during the flowering period. Plants and flowers in the same place may vary in their attractiveness and reward, e.g., blossom colour and architecture, flower size, odour, pollen and nectar feeding qualities (Rathcke 1992; Richard 1986). These variations are important in determining which plants will be visited more frequently and will reproduce successfully (Zimmerman 1988; Campbell and Halama 1993).  

The abortion of flowers, fruits and seeds during the reproductive cycle is common in forest tree species. Abortions are not random and affect largely individual reproductive success (Willson 1990; O’Donnell and Bawa 1993; Harriss and Whelan 1993; Brunet 1996). Sexual allocation (Savolainen et al. 1993), resource competition (Bawa and Webb 1984; Casper and Niesenbaum 1993; Niesenbaum 1996), inadequate pollination (Schlichting and Devlin 1992; Carthew 1993; Owens 1995; Tangmitcharoen and Owens 1997) and adverse environment conditions (Johnsen et al. 1994; Palupi and Owens 1998) are the most frequently suggested causes of abortions in forest tree species.

Variation in fertility within forest tree populations should be expected and regarded as natural; the assumption that trees contribute similarly to the gamete pool does not hold in most cases (El-Kassaby 1995). Reduction of differences in fertility through management practices, e.g., increasing pollen and seed production on low-fertility individuals by gibberellin injection, stem girdling or supplementary pollination seems doubtful. Fertility variation has a negative impact on diversity. It increases relatedness and inbreeding in the population. Therefore, it should be evaluated and the negative effects mitigated when managing forest genetic resources. 

Objectives
The objectives of this study were: (i) to evaluate variation in fertility in forest tree populations based on flower, fruit and seed production; (ii) to assess its impact on gene diversity; and (iii) to discuss implications of fertility variation in the management of forest genetic resources.

Material and Methods

Describing variation in fertility

Each individual has a fertility (pi) value, the ability to produce successful gametes. Fertility can be regarded as the progeny mothered or fathered by an individual relative to others in the population (Devlin and Ellstrand 1990).

Fertility can be described by a probability density function f (x) where x is the percentile of trees ranked by fertility and ( f (x) dx=1. For a large population of trees p= f (x)/N is the predicted fertility of the parent with rank corresponding to x (II). An example of such function is the power function f(x)=xa  (a ( 1). For a given population, pi can be estimated directly, based on observations. Parents are then ranked for fertility and transformed to cumulative contributions adding up to one. Cumulative contributions are plotted against parents’ proportions and the a value that gives the best-fit curve to the data is chosen. As shown in study II, the power function is a good fit to empirical data and thus differences in fertility among parents can be described by a single parameter, a. 

The “sibling coefficient” A can be estimated directly from observations (Kang and Lindgren 1999), as the sum of squared parental contributions
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Note that 
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is the probability that two genes in the offspring come from same parent i or that two gametes in the gamete pool originate from the same individual i. 

A has no dimension and expresses how much fertility varies among parents as the increase in the probability that sibs occur compared with the situation where parents are equally fertile (Kang and Lindgren 1998). The sibling coefficient cannot be smaller than 1.  If A=1, all individuals have the same fertility.  If A=2, it means that the probability that two individuals share a parent is twice as large as if fertilities were equal across the population. 

The differences in fertility can also be described by the coefficient of variation (CV) as 
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where N is the sample size, and pi the individual fertility (I). Sibling coefficient A carries the same information as the CV, but is based on a probabilistic aspect while CV is based on a variance aspect.

The exponent of the fitted power function, a, can be expressed as a function of A (Kang and Lindgren 1998), thus there may not be direct need of the parameter a fitted to data, as knowledge of A is enough to specify a well fitted power function.

Measuring changes at generation turnover

Differences in the contribution of successful gametes influence the genetic constitution of the progeny by overrepresenting the most fertile genotypes (Kjær 1996). The effect of fertility variation among parents can be assessed by analysing changes in group coancestry and related diversity measures at generation shifts. In the present study, group coancestry and group inbreeding (Cockerham 1967), status number (Lindgren et al. 1996) and gene diversity (Lacy 1995) were used to assess the impact of fertility variation on the progeny population. 

Coancestry and inbreeding

Coancestry ((ij) between individuals i and j is the probability that random homologous genes sampled from both individuals are identical by descent, and group coancestry (() is the average of all pair-wise coancestries across the population, including self coancestry and reciprocals. Inbreeding (Fi) is the likelihood that two homologous genes of individual i are identical by descent, while group inbreeding (F) is the average inbreeding over the population (Cockerham 1967; Falconer and Mackay 1996). Coancestry between two individuals becomes inbreeding of their progeny after mating and, likewise, group coancestry is the expected group inbreeding following random mating throughout the population. 

For baseline comparison, individuals in the founder population are considered to be unrelated and non-inbred. The group coancestry in such a population of N parents is
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The new generation arising from the preceding one can be viewed in the following way: each parent contributes gametes to the gamete gene pool, proportionally to its fertility, and then a progeny population is formed from a union of successful gametes, drawn randomly from the large gamete pool. There are two ways that two genes can be identical by descent in the offspring: genes can be sampled twice with a probability of 0.5/Noffspring, or genes can be identical among the gametes by sharing a common ancestor, with a probability equivalent to the group coancestry of the gametes. The group coancestry in the progeny is (III, IV)
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The coancestry of the gamete pool can be described as a function of the parents fertility, their inbreeding, coancestry and number as (III, IV)
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Note that the gamete coancestry will be the expected inbreeding coefficient of the progeny population. Note also that, for the situation where parents are unrelated, non-inbred and are equally fertile, e.g., as the reference population, the gamete coancestry is the same as the coancestry of parents and thus the group inbreeding of the offspring.

Status number

The status number (Ns), is an effective number defined by Lindgren at al. (1996) as half of the inverse of the group coancestry 
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where ( is the group coancestry (cf. Cockerham 1967). Status number can be regarded as a way of expressing group coancestry as an effective number (Lindgren at al. 1996). It is often practical to relate status number with the census number of individuals in the population, thus Nr=Ns/N, being the relative status number.

Gene diversity

Gene diversity (GD) is equivalent to the expected heterozygosity in a population following random mating (Nei 1973; Lacy 1995). Gene diversity can be formulated as GD=1-(qi where qi is the frequency of the allele i, and the summation is over alleles at that locus. For the situation where all alleles are unique in a large source population ("wild population") of unrelated and non-inbred individuals, from which the founder population is sampled, gene diversity can be set to one and the gene diversity of the descendants, as a proportion of diversity in the source population, can be estimated as (Lindgren and Kang 1997; Rosvall 1999)
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Note that group coancestry and status number are closely correlated to the loss of gene diversity relative to the source population. The decrease in heterozygosity compared to the reference population reflects the accumulation of coancestry and inbreeding associated with variation in fertility among parents. 
Sexual reproduction is essentially a selective process in which the most fertile parents have their genes transmitted to the progeny (Eriksson et al. 1973; Sedgley and Griffin 1989; El-Kassaby 1995).  Since the successful gametes carry a sample of genes in the parental population, genetic drift might occur if the sample is not large (Falconer and Mackay 1996). Apart from changes in allele frequency, an increase in homozygotes and a decrease of heterozygotes in the population are expected when a limited number of parents are involved in mating.       

Fertility assessment 

Information on flower, fruit and seed production obtained from natural stands, plantations and seed orchards was used to estimate individual fertility. Adult individuals constituted most of the studied populations.

Female fertility (pif) was estimated from female strobili (I, IV), fruit (I, III) or seed production (I, II), while male fertility (pim) was calculated from male strobili (I, IV), stamens (III) and pollen production (I). The total fertility, that is the individual fertility (pi), was the mid-parent value. With one gender assumed constant, the corresponding fertility was equal to 1/N, being N the census number. 

The observed numbers of male and female reproductive structures were expressed as proportions of those found over all trees; thus the gender and total fertilities were established. In general, it was assumed that reproductive success is proportional to the number of reproductive structures. Details of the populations, sampling procedures, data collection and estimation of fertility variation parameters, inbreeding, coancestry and related diversity measures are given in the appended papers. 

Summary of the studies 

I
In the first study, information on flower, fruit and seed production was used to estimate fertility variation within populations of forest tree species. The sibling coefficient, A, was estimated for 99 stands (74 conifer stands and 25 broadleaf) and for 36 seed orchards (30 conifer and 6 broadleaf). Female fertility variation was observed in both stands and seed orchards, while variation in male fertility was generally assessed only in seed orchards.   

As expected, fertility varied within and among populations. Objects with an A value close to 1 were few in both stands and seed orchards. For example, only 15% of the observed objects had female A values between 1 and 1.25, which correspond to a coefficient of variation in flower, fruit or seed production ranging from 0 to 50%. Populations with A value between 1.25 and 3.20 represented about 55% and 75% of stand- and seed-orchard populations, respectively. 

Differences in fertility were higher in stands than in seed orchards, but in both cases, age and flowering abundance appear to have great impact on the sibling coefficient. Variation in fertility was higher in young populations and during poor flowering years. Variation in male fertility seems to be higher than that in female fertility.

The distribution of A in stands and seed orchards is positively skewed. There is a need to make forecasts of A for planning, and as a rough generalisation it is suggested to use  A = 3 for stands and A = 2 for seed orchards.  For particular cases, more accurate forecasts of A can be made based on information reported in this study and relevant observations relating to the particular objects.

II

The second study analysed fertility variation in 5 stands in Mozambique and assess their impact on relatedness in the seed crop. The studied population included 3 natural stands and 2 plantations of 4 tropical species, Millettia sthulmannii, Brachystegia speciformis, B. bohemii and Leucaena leucocephala. 

A power function y = xa, where y is the accumulative seed production and x the ranked proportion of trees, was used to describe the distribution of seed production. A power function was fitted to observations by using a as a parameter. The agreement between the fitted power function and the observed data was rather good, indicating that a power function is a useful way to describe fertility variation, where a describes the magnitude of fertility variation. The expected relatedness or group coancestry of the seed crop, expressed as status effective number relative to the number of parents, was estimated to be 0.67, 0.65, 0.54, 0.43 and 0.38, respectively for the five populations.     

The effect of collecting an equal amount of seeds per parent was quantified. This was shown to reduce relatedness in the seed lot considerably and is therefore an effective way of maintaining diversity in the population. It is recommended to use this effect in germplasm collection and when establishing stands for gene conservation. 

III
The third study expanded on the former to multiple generations. The aim was to develop formulae to predict diversity and the accumulation of group coancestry and inbreeding in future generations, as a function of differences in fertility among parents and population size in each generation. The sibling coefficient was used to quantify fertility differences within the population, while group coancestry, status number and relative status number were used as diversity indicators. 

A mature population of 154 teak individuals (Tectona grandis L.f) growing in a plantation in southern Mozambique was used as a case study. The trees varied in fertility with the 20% most fertile genotypes contributing 55% of gametes. 

Assuming random mating, constant fertility variation and population size, predictions over 10 generations indicated a rapid increase in coancestry and inbreeding during the first generations and a decrease in status number. The loss of diversity was hastened by differences in fertility among parents. Calculations indicated that the observed fertility variation would result in a similar diversity loss over five generations as would be expected over ten generations if parents contributed equally to the gamete pool. 

The accumulation of relatedness, inbreeding and the decrease in diversity occurred at a considerably lower rate when the contribution of one gender was kept constant across the population.

IV
In the fourth study, predictions were performed for the case where population size remained constant, but fertility varied considerably between genders and among generations. 

Female and male fertilities were monitored over 5 consecutive years for 180 clones of Korean pine (Pinus koraiensis S. et Z.) growing in a clonal archive in Suwon, Korea. In simulations, the years were considered to be the generations. Female fertility ranged from 1.79 to 3.12 while male fertility varied from 7.22 to 15.18.   

In general, with advancing generations, group coancestry, inbreeding and diversity followed the same tendency as in study III; but the effect of controlling inbreeding and relatedness and the maintenance of diversity by making female fertility constant was not large. Apparently, the effect seems low due to the weak correlation between female and male fertility and the differences in male fertility, which was very large compared with female fertility for this material. 
Discussion
Fertility variation in forest tree populations

The ability to produce successful gametes is an important factor from an evolutionary perspective; it determines, to a large extent, an individual’s success in contributing genes to its offspring (Devlin and Ellestrand 1990). Studies of flower, fruit and seed production in forest tree species have shown that equal gamete contribution is rarely observed and that relatively few individuals within a given population generally produce most of the progeny (El-Kassaby 1995; Burczyk et al. 1997; Gömöry et al. 2000). The present studies corroborate these findings. 

In study I (Figures 1 and 2), unbalanced parental contributions to the gamete pool were found in most populations.  There were few stands and seed orchards with an A value close to 1. In studies III and IV, female, male and total fertility variation measures deviated largely from the situation where parents were equally fertile. Similar results were found in study II, in which parameter a was also higher than 1. 

Fertility variation can be regarded as a natural phenomenon; panmixis rarely occurs in forest tree populations (Falconer and Mackay 1996; Crawley 1997). For example, trees vary in reproductive investment, flowering phenology (e.g., El-Kassaby and Cook, 1994; Burczyk and Chalupka 1997; Paluti and Owens 1998) and pollination is strongly leptokurtic such that close neighbours are much more likely to mate than more distant individuals (Di-Giovanni and Kevan 1991; Prat 1994; Worrell et al. 1999). There are also incompatibility systems (Sedgley and Griffin 1989), female-male complementarities (El-Kassaby and Ritland 1992; Nakamura and Wheeler 1992) and selective abortion (O’Donnell and Bawa 1993; Harriss and Whelan 1993; Brunet 1996) that might prevent fertilisation and seed maturation.  Therefore, gamete contribution to the seed crop, via pollen or ovules, is expected to vary considerably among parents.
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Figure 1. Frequency distribution of the A values (female fertility variation) of 99 stands. The coefficient of variation (CV%) of the reproductive trait used to calculate A is also shown on x-axis. (Figure 1 in I) 

Most of the fertility variation studies used data from stands and seed orchards of conifers in the northern hemisphere.  Data from studies of tropical species are limited (I).  In general, fertility variation was estimated indirectly by counting female and male reproductive structures, assuming that these are good indicators of parental contributions to gamete pool. Fertility variation has also been studied by genetic markers (e.g., Wheeler and Jech 1992; Skrøppa and Lindgren 1994; Siegismund et al. 1996). These techniques are expensive, difficult to get good accuracy on individual gamete contributions, and the available data set is often not large enough for quantification (Lindgren 2000). The method is only adequate if the population is polymorphic for several genetic markers and has few possible parents or has an appropriate combination of markers and male parents (Wheeler and Jech 1992; Stoehr et al. 1998). The counting of female and male reproductive structures is a quick, inexpensive method to estimate fertility differences between parents (Chaissurisri and El-Kassaby 1993; Savolainen et al. 1993; Kang and Lindgren 1999). In most cases, the estimates seem to be sufficiently accurate for use in predictions (Lindgren 2000).  

Variation in fertility (A) ranged from 1 to 41.67 in stands, averaging 4 with standard deviation (sd) of 6 (I). It is lower in seed orchards compared to stands, averaging 2.69 (sd = 2.58). Male fertility variation is also higher in seed orchards (average = 3.44 and sd = 3.54) than is female fertility variation (average = 2.33 and sd = 1.86).  In study IV, male fertility variation is also higher than female fertility variation in all five observations, while in study III, they are about the same. Generally, higher A values were observed during poor flowering years and in younger populations (I).
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Figure 2. Frequency distribution of the A values (female and male fertility variation) of 36 seed orchards. The coefficient of variation (CV%) of the reproductive trait used to calculate A is also shown on x-axis. (Figure 2 in I) 

​
Most reproductive traits are under moderate genetic control (Varnell et al. 1966, Fries 1994; Matziris 1998), thus both genotype and the environment affect fertility variation in forest tree populations. The ranking of clones by fertility is fairly constant over time in seed orchards (Jonsson et al. 1976; Griffin 1982; Nikkanen and Velling 1987). Higher and lower fertility genotypes have been described in several seed orchards (Matziris 1993; Adams and Kunze 1996; Gömöry et al. 2000), natural stands (Linhart et al. 1979), and plantations (II, III). 
Environmental manipulation, e.g., through irrigation, nutrient application and thinning, increase pollen and seed production (Powell and White 1994; Owens 1995).  These practices are expected to reduce fertility variation in the population. As mentioned earlier (I), parental gamete contribution is more balanced during good flowering years. The age, tree size and site quality are also reported to influence plant fertility (Owens and Black 1985, Crawley 1997; Chalupka and Cecich 1997; Almqvist and Ekbert 1999). The relatively low fertility variation observed in seed orchards might be explained by the uniformity in age, size and tree shape and their better location in terms of adequate climate and edaphic conditions for flowering, fruit and seed production (Zobel et al. 1988; Eldridge et al. 1993; Varghese et al 2000). The comparatively higher male fertility variation may also result from poor pollen production due to the relatively young age of most seed orchards included in the study (I, IV). For example, in most conifers, female flowering dominates on young individuals while male flowering initiates later and increases with age (Matthews 1963; Gömöry et al. 2000).   

The distribution of A values is positively skewed (Figure 1 and 2) with few high values.  These values are of little practical significance, as breeding activities are seldom considered in poor flowering years or in very young seed orchards. Fertility variation in stands and seed orchards in good, moderate and average flowering years is expected to be relatively lower. For predictive purposes, and in the absence of relevant data, it is suggested that values for A=2 and A=3 are generally applicable for both seed orchards and stands. 

Making contributions to the seed crop as uniform as possible, by assuring that many trees in the population serve as both male and female parents, diminishes differences in fertility (II, III). The control of male contributions is laborious and imprecise. It is difficult to track pollen movements and, besides genetic variation (El-Kassaby and Ritland 1992; Skrøppa and Lindgren 1994) there are differences in pollen size and viability that might influence male reproductive success (Cheliak et al. 1987). Controlling the number of female gametes seems an easier way to limit fertility variation among parents.
The contribution of male and female gametes varies considerably among individuals. Some trees function predominately as males while others produce mainly seeds. There are also individuals that display a more intermediate behaviour (Yasdani et al. 1995; Siegismund et al. 1996) and correlation between male and female fertility might be expected (e.g. Devlin and Ellstrand 1990; Savolainen et al. 1993). The correlation seems to influence the effect of making one gender constant. 

In study II and III correlation is high while in study IV are weak and negative (Kand and Lindgren 1999). The effect of making female fertility constant across population is evident in studies II and III, but less clear in IV. It should also be emphasized that female and male fertility in II and III are of same magnitude while in IV male fertility variation is higher compared to female fertility and still has a great impact on total fertility, even after female fertility is made more uniform. This indicates the importance of knowing the magnitude of male and female fertility variation and shows that it is not recommendable to collect seeds during poor flowering years (Kjær 1996; Kang and Lindgren 1999) gamete contribution is so unbalanced that seed quality is compromised.   

Effects and implications of fertility variation

In all these studies, the founders were assumed to be unrelated and non-inbred, and their group coancestry and diversity, relative to that in the source population, is a function of the census number (III, IV). Potential changes at generation shifts can be assessed by the increase in group coancestry, e.g., the increase in genetic similarity due to genes being identical by descent (Ballou and Lacy 1995; Falconer and Mackay 1996). 

The methodology developed here enables one to evaluate changes in group coancestry, inbreeding and diversity of the descendants, as result of differences in fertility, the number of potential parents and their mating pattern. Developments over generations are described for the case where the number of parents and fertility variation are kept constant (III) and for the situation in which the number of parents is constant but fertility differs among generations (IV). For one generation, examples are given in II.

Parents varied widely in fertility (II, III, IV). Some have their gametes over-represented while others are under-represented in the gamete pool (Adams and Kunze 1996; Kang and Lindgren 1998; Gömöry et al. 2000). For example, in study III, 20% of most fertile individuals contributed 55% of all gametes, and, in IV, 25% of clones provided about 52% and 90% of female and male gametes, respectively. In all studies there were genotypes that did not contribute to the seed crop. This increased the likelihood that gametes sampled randomly came from the same parent and that genes drawn in the progeny population are identical by descent. It also increases the probability of finding sibs in the progeny population (Kang and Lindgren 1999). 

As expected, differences in fertility increased relatedness (Figure 3) and inbreeding (Table 4 in III), and decreased diversity (Figure 4, Table 2 in IV). The decline of status number and gene diversity over generations is evident (Table 4 in III, Table 2 in IV). It reflects the increased coancestry and the accumulation of genetic drift (Lacy 1995; Lindgren and Kang 1997). For example, after five cycles in IV, the proportional gene diversity decreased from 1 to about 0.943 and the 180 clones in the seed orchard behaved as if they were 9 non-related, non-inbred and equally fertile clones. Balancing parental contribution to the gamete pool reduces the effects of fertility variation in the population.

Inbreeding and coancestry studies over generations have shown similar results  (Wei 1995; Gea et al. 1997; Rodriguez 2000). Controlling individual or family contributions to the next generation, e.g., by limiting the number of crosses or selection within families, delayed the accumulation of inbreeding and coancestry compared to unrestricted mating and unbalanced selection within families. It also reduces the likelihood of gene loss, and diversity is better preserved in the population. 
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Figure 3.  Increase of group coancestry over generations. Population size (N=154) and fertility variation are kept constant in each generation. The development of coancestry is studied for the case where both female and male fertility varies (A=2.22); female fertility is kept constant and male varies (A=1.32) and; when all trees in the population have equal fertility  (A=1)(Figure 2 in III).
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Collecting the same amount of seed in stands increased diversity of the seed crop, on average, about 40% (Table 4 in II).  In III, the observed fertility variation would result in loss of diversity after five generations similar to that expected over ten generations if the trees were equally fertile. In IV, the effect of equalizing female fertility was not so evident (Figure 1 in IV). As mentioned earlier, differences in pollen production is very much higher than differences in seed production. Sexual asymmetry is higher with few clones producing most pollen in the seed orchard (Kang and Lindgren 1999). 

In seed production, it is often assumed that:  (1) parents mate randomly, that is, are in reproductive synchrony; and (2) contribute equally to the gamete pool; so the resulting seed reflects both the genetic superiority and diversity present in seed orchards or seed stands (Eriksson et al. 1973; El-Kassaby 1995). In most cases, these assumptions do not hold, due to differences in fertility among parents. Unequal parental contribution to the gamete pool is common, and it is doubtful that balance can be achieved in seed production populations by thinning, pruning or hormone application. 

Fertility variation can be balanced and its negative effects mitigated by making parental contributions to the gamete pool as similar as possible. Equalizing female fertility by collecting the same amount of seed across population genotypes (Crossa and Vencovsky 1994; Wei 1995; II) seems to be the simplest way to achieve that goal. Another possibility is, knowing the fertility variation magnitude within the population, to compensate for the imbalance in parental contributions by establishing a sufficient number of potential parents, e.g., the number of clones in the seed orchard or the number of selected plus trees in the seed stand, to achieve the desired variability (Kang and Lindgren 1999, III).

Conclusions and recommendations
Fertility variation is a common phenomenon within forest tree population and has a great impact on the genetic diversity of the offspring. Unbalanced contribution of parents to the gamete pool increases genetic similarities among the progeny, inbreeding and the loss of diversity. The method developed here permits evaluation of changes in group coancestry, inbreeding and diversity from the reference population as function of differences in fertility, the number of potential parents and mating system  (III). 

Differences in fertility are described by the power function y = xa  (a ( 1), where y is the accumulative parental contribution to the progeny and x the ranked proportion of parents and by the sibling coefficient A (Kang and Lindgren 1999), which expresses how much parents vary in fertility and the likelihood for sibs to occur, compared with the situation where parents contribute equally to the gamete pool. A=a=1 when all individuals in the population have the same fertility, and increases with increased variation in parental contributions to the progeny. 

Records on flowering ability, pollen, fruit and seed production provided estimates of A values that can be used to predict effects of fertility variation. Populations with a sibling coefficient equal to or approaching unity appears to be rare (I). In general, A values tend to be higher during poor flowering years and in young populations. For predictive purposes, A=2 and A=3 are suggested as typical for mature seed orchards and stands in good or average flowering years, respectively (I).

Parents varied widely in fertility with some over-represented, while others were under-represented in the gamete pool. In all studies, there were genotypes that did not contribute at all to the seed crop (II, III, IV). Relatedness and inbreeding increased while status number and gene diversity diminished, as expected, with increased differences in fertility and relatedness among parents. In the long term, as generations turn over, besides differences in fertility, the accumulated relatedness also contributes to the increase in inbreeding and the loss of diversity. Making parents contribute to the progeny as equally as possible reduced the negative impact of fertility variation. The effect is high when female and male fertilities are positively correlated and decreases with increasing sexual asymmetry and differences in male fertility.

Collecting the same amount of seed in stands increased on average the seed crop status number by about 40% in II, while in III the observed fertility variation resulted in similar loss of diversity after five generations as would be expected over ten generation if trees were equally fertile. Compensation for unbalanced contributions to the progeny can be also achieved by using a large number of parents. Knowing the magnitude of fertility variation, a number of parents can be chosen that yields satisfactory diversity in the seed crop. 
In these studies population size was kept constant. It was assumed that generations are discrete, and that there is no pollen contamination. It is suggested to study the effects of correlation between female and male fertility on A and to expand the study for the case where population size fluctuates, different generations coexist, and where pollen contamination is an important factor. 
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Tables

		

		Table 1. Average height, DBH, number of inflorescences, buds, stamens and														Table 2. Coefficients of correlation among height, DBH, numbers of inflorescences, buds, stamens														Table 3. Parameter A for male, female, average-tree fertility												Table 4. Predictions how group coancestry (GC), inbreeding (F), status number (Ns) and relative status number (Nr) will develop in future generations

		fruits per tree and respective coefficients of variation, for all trees (n = 154)														and fruits (n = 154), with correlation for the reduced sample (n = 109) shown in parentheses														and equal-tree fertility												at contant population size (154) following random mating, when female and male fertilities varies, when one gender is constant and when all tree

		and for those with DBH > 27 cm (n = 109)																																								in the population have equal fertility

																Traits		DBH (cm)		No. of inflorescences		No. of buds		No. of stamens		No. of fruits										Parameter A

				All trees						Trees with DBH > 27 cm						Height (m)		0.57(0.38)		0.46(0.33)		0.36(0.24)		0.36(0.24)		0.38(0.24)				Fertility type				All trees				Trees with DBH > 27 cm				Generations		Female and male fertility varies						(A=2.22)				One gender constant						(A=1.32)				Equal-tree contribution						(A=1.00)

		Trait		Average		CV (%)				Average		CV (%)				DBH (cm)				0.40(0.34)		0.32(0.29)		0.31(0.28)		0.37(0.31)				Male				2.28				1.98				t		GC		F		Ns		Nr				GC		F		Ns		Nr				GC		F		Ns		Nr

		Height (m)		13.1		15				13.7		12				No. of inflorescences						0.88(0.88)		0.87(0.88)		0.89(0.87)				Female				2.26				1.97				1		0.003		0.000		154.0		1.00				0.003		0.000		154.0		1.00				0.003		0.000		154		1.00

		DBH (cm)		31.7		22				34.7		15				No. of buds								0.99(1.00)		0.92(0.91)				Average-tree fertility				2.22				1.93				2		0.010		0.007		47.9		0.31				0.008		0.004		66.5		0.43				0.006		0.003		77		0.50

		No. of inflorescences		634		101				759		87				No. of stamens										0.92(0.91)				Female constant				1.32				1.25				3		0.018		0.014		28.5		0.18				0.012		0.009		42.5		0.28				0.010		0.006		52		0.33

		No. of buds		272227		114				322120		100																		Equal-tree fertility				1.00				1.00				4		0.025		0.021		20.3		0.13				0.016		0.013		31.2		0.20				0.013		0.010		39		0.25

		No. of stamens		1778048		113				2102766		99																														5		0.032		0.029		15.8		0.10				0.020		0.017		24.7		0.16				0.016		0.013		31		0.20

		No. of fruits		155284		113				188479		99																														6		0.039		0.036		12.9		0.08				0.024		0.021		20.5		0.13				0.019		0.016		26		0.17

																																										7		0.046		0.042		11.0		0.07				0.029		0.025		17.5		0.11				0.023		0.019		22		0.14

																																										8		0.052		0.049		9.5		0.06				0.033		0.030		15.3		0.10				0.026		0.023		19		0.13

																																										9		0.059		0.056		8.4		0.05				0.037		0.034		13.5		0.09				0.029		0.026		17		0.11

																																										10		0.066		0.063		7.6		0.05				0.041		0.038		12.2		0.08				0.032		0.029		16		0.10





Charts

		

		Total tree contribution		Female constante						FIGURE 2																				M+F cumulative		Female constante		Equal contribuition						FIGURE 1

																														proportions		cumulative proportions		cumulative proportions

		A		A		A																								0.04		0.02		0.01		0.01

		2.22		1.32		1.00																								0.07		0.04		0.01		0.01

																														0.10		0.06		0.02		0.02

		Group		Group		Group																								0.12		0.08		0.03		0.03

		coancestry		coancestry		coancestry																								0.15		0.09		0.03		0.03

																														0.17		0.11		0.04		0.04

		0.003		0.003		0.003																								0.19		0.12		0.05		0.05

		0.010		0.008		0.006																								0.22		0.14		0.05		0.05

		0.018		0.012		0.010																								0.24		0.15		0.06		0.06

		0.025		0.016		0.013																								0.26		0.17		0.06		0.06

		0.032		0.020		0.016																								0.28		0.18		0.07		0.07

		0.039		0.024		0.019																								0.29		0.19		0.08		0.08

		0.046		0.029		0.023																								0.31		0.20		0.08		0.08

		0.052		0.033		0.026																								0.33		0.22		0.09		0.09

		0.059		0.037		0.029																								0.34		0.23		0.10		0.10

		0.066		0.041		0.032																								0.36		0.24		0.10		0.10

																														0.38		0.25		0.11		0.11

																														0.39		0.26		0.12		0.12

																														0.41		0.27		0.12		0.12

																														0.42		0.28		0.13		0.13

																														0.43		0.29		0.14		0.14

																														0.45		0.30		0.14		0.14

																														0.46		0.31		0.15		0.15

																														0.48		0.32		0.16		0.16

																														0.49		0.33		0.16		0.16

		Relative		Relative		Relative				FIGURE 3																				0.50		0.34		0.17		0.17

		St. number		St. number		St. number																								0.52		0.35		0.18		0.18

																														0.53		0.36		0.18		0.18

		1.00		1.00		1.00																								0.54		0.37		0.19		0.19

		0.31		0.43		0.50																								0.55		0.38		0.19		0.19

		0.18		0.28		0.33																								0.56		0.39		0.20		0.20

		0.13		0.20		0.25																								0.58		0.40		0.21		0.21

		0.10		0.16		0.20																								0.59		0.41		0.21		0.21

		0.08		0.13		0.17																								0.60		0.41		0.22		0.22

		0.07		0.11		0.14																								0.61		0.42		0.23		0.23

		0.06		0.10		0.13																								0.62		0.43		0.23		0.23

		0.05		0.09		0.11																								0.63		0.44		0.24		0.24

		0.05		0.08		0.10																								0.64		0.45		0.25		0.25

																														0.65		0.46		0.25		0.25

																														0.66		0.47		0.26		0.26

																														0.67		0.47		0.27		0.27

																														0.68		0.48		0.27		0.27

																														0.69		0.49		0.28		0.28

																														0.70		0.50		0.29		0.29

																														0.70		0.50		0.29		0.29

																														0.71		0.51		0.30		0.30

																														0.72		0.52		0.31		0.31

																														0.73		0.53		0.31		0.31

																														0.74		0.53		0.32		0.32

																														0.75		0.54		0.32		0.32

																														0.75		0.55		0.33		0.33

																														0.76		0.55		0.34		0.34

																														0.77		0.56		0.34		0.34

																														0.77		0.57		0.35		0.35

																														0.78		0.57		0.36		0.36

																														0.79		0.58		0.36		0.36

																														0.79		0.59		0.37		0.37

																														0.80		0.59		0.38		0.38

																														0.81		0.60		0.38		0.38

																														0.81		0.60		0.39		0.39

																														0.82		0.61		0.40		0.40

																														0.82		0.62		0.40		0.40

																														0.83		0.62		0.41		0.41

																														0.84		0.63		0.42		0.42

																														0.84		0.64		0.42		0.42

																														0.85		0.64		0.43		0.43

																														0.85		0.65		0.44		0.44

																														0.86		0.65		0.44		0.44

																														0.86		0.66		0.45		0.45

																														0.87		0.66		0.45		0.45

																														0.87		0.67		0.46		0.46

																														0.88		0.68		0.47		0.47

																														0.88		0.68		0.47		0.47

																														0.89		0.69		0.48		0.48

																														0.89		0.69		0.49		0.49

																														0.90		0.70		0.49		0.49

																														0.90		0.70		0.50		0.50

																														0.90		0.71		0.51		0.51

																														0.91		0.71		0.51		0.51

																														0.91		0.72		0.52		0.52

																														0.92		0.72		0.53		0.53

																														0.92		0.73		0.53		0.53

																														0.92		0.73		0.54		0.54

																														0.93		0.74		0.55		0.55

																														0.93		0.74		0.55		0.55

																														0.93		0.75		0.56		0.56

																														0.94		0.75		0.56		0.56

																														0.94		0.76		0.57		0.57

																														0.94		0.76		0.58		0.58

																														0.95		0.77		0.58		0.58

																														0.95		0.77		0.59		0.59

																														0.95		0.77		0.60		0.60

																														0.95		0.78		0.60		0.60

																														0.96		0.78		0.61		0.61

																														0.96		0.79		0.62		0.62

																														0.96		0.79		0.62		0.62

																														0.96		0.80		0.63		0.63

																														0.97		0.80		0.64		0.64

																														0.97		0.81		0.64		0.64

																														0.97		0.81		0.65		0.65

																														0.97		0.81		0.66		0.66

																														0.97		0.82		0.66		0.66

																														0.98		0.82		0.67		0.67

																														0.98		0.83		0.68		0.68

																														0.98		0.83		0.68		0.68

																														0.98		0.83		0.69		0.69

																														0.98		0.84		0.69		0.69

																														0.98		0.84		0.70		0.70

																														0.99		0.85		0.71		0.71

																														0.99		0.85		0.71		0.71

																														0.99		0.86		0.72		0.72

																														0.99		0.86		0.73		0.73

																														0.99		0.86		0.73		0.73

																														0.99		0.87		0.74		0.74

																														0.99		0.87		0.75		0.75

																														1.00		0.87		0.75		0.75

																														1.00		0.88		0.76		0.76

																														1.00		0.88		0.77		0.77

																														1.00		0.89		0.77		0.77

																														1.00		0.89		0.78		0.78

																														1.00		0.89		0.79		0.79

																														1.00		0.90		0.79		0.79

																														1.00		0.90		0.80		0.80

																														1.00		0.90		0.81		0.81

																														1.00		0.91		0.81		0.81

																														1.00		0.91		0.82		0.82

																														1.00		0.91		0.82		0.82
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Appedix 1

		APPENDIX 1																																								Total female and male fertility								Female fertility								Male fertility

		Stands

		Stand		Specie		Specie		Stand type		Development		Location		Latitude		Longitude		Altitude		Size		Avg. age		Tait		C.V.		A		Remarks		Reference										A		A						A		A						A		A

		number		number						stage								(m)		(N)		(yrs)				(%)		Average (SD)														Average (SD)		Geometric mean						Aritmrtic mean		Geometric mean						Average (SD)		Geometric mean

						Conifers

		1		1		Picea engelmannii		Natural, wet site		Mature		Niwot Ridge, Colorado, USA						3200		13		138		Female strobili (nr/tree)		24		1.05		Wet site, one year observation		Shea (1987)										1.05		0.05						1.05		0.05

						P. engelmannii		Natural, wet site		Mature		Niwot Ridge, Colorado, USA						3200		13		138		Male strobili (nr/tree)		28		1.07														1.07		0.07														1.07		0.07

																												1.03

		2				P. engelmannii		Natural,  dry site		Mature		Niwot Ridge, Colorado, USA						3200		19		245		Female strobili (nr/tree)		18		1.03		Dry site, one year observation												1.03		0.03						1.03		0.03

						P. engelmannii		Natural,  dry site		Mature		Niwot Ridge, Colorado, USA						3200		19		245		Male strobili(nr/tree)		27		1.07														1.07		0.07														1.07		0.07

																												1.03

		3		2		Picea lasiocarpa		Natural, wet site		Mature		Niwot Ridge, Colorado, USA						3200		20		127		Female strobili (nr/tree)		7		1.00		Wet site, one year observation		Shea (1987)										1.00		0.00						1.00		0.00

						P. lasiocarpa		Natural, wet site		Mature		Niwot Ridge, Colorado, USA						3200		20		127		Male strobili (nr/tree)		63		1.38														1.38		0.32														1.38		0.32

																												1.10

		4				P. lasiocarpa		Natural,  dry site		Mature		Niwot Ridge, Colorado, USA						3200		20		154		Female strobili (nr/tree)		5		1.00		Dry site, one year observation												1.00		0.00						1.00		0.00

						P. lasiocarpa		Natural,  dry site		Mature		Niwot Ridge, Colorado, USA						3200		20		154		Male strobili (nr/tree)		71		1.48														1.48		0.39														1.48		0.39

																												1.13

		5		3		Picea abies		Managed stand		Juvenile		Vesijako, Finland		61,50 N		25,00 E				525		40		Seed crop (nr/tree)		54		1.29		One year observation		Heikinheimo (1932)										1.29		0.26						1.29		0.26

		6				P. abies		Managed stand		Intermediate		Vesijako, Finland		62,50 N		26,00 E				437		80		Seed crop (nr/tree)		34		1.11														1.11		0.10						1.11		0.10

		7				P. abies		Managed stand		Intermediate		Ruotsinkyla, Finland		60,25 N		25,83 E				428		90		Seed crop (nr/tree)		59		1.35														1.35		0.30						1.35		0.30

		8				P. abies		Managed stand		Mature		Vesijako, Finland		61,50 N		25,00 E				270		100		Seed crop (nr/tree)		10		1.01														1.01		0.01						1.01		0.01

		9				P. abies		Managed stand		Mature		Vesijako, Finland		61,50 N		25,00 E				109		100		Seed crop (nr/tree)		29		1.08														1.08		0.08						1.08		0.08

		10				P. abies		Managed stand		Mature		Vesijako, Finland		61,50 N		25,00 E				207		110		Seed crop (nr/tree)		71		1.49														1.49		0.40						1.49		0.40

		11				P. abies		Managed stand		Mature		Ruotsinkyla, Finland		60,25 N		25,83 E				113		110		Seed crop (nr/tree)		76		1.57														1.57		0.45						1.57		0.45

		12				P. abies		Managed stand		Mature		Ruotsinkyla, Finland		60,25 N		25,83 E				66		110		Seed crop (nr/tree)		28		1.08														1.08		0.07						1.08		0.07

		13				P. abies		Managed stand				Simlangsladen, Sweden		56,71 N		13,13 E		75		530				Female strobili (nr/ha)				3.10		Calculations based on Nr/ha		Lindgren and Lindgren (1976)										3.10		1.13						3.10		1.13

		14				P. abies		Managed stand				Osby, Sweden		56,36 N		13,95 E		83		780				Female strobili (nr/ha)				5.92		Average in moderate flowering year (1973)												5.92		1.78						5.92		1.78

		15				P. abies		Managed stand				Rorsbo, Sweden		56,60 N		15,52 E		140		540				Female strobili (nr/ha)				1.62														1.62		0.48						1.62		0.48

		16				P. abies		Managed stand				Ljungby, Sweden		56,83 N		13,92 E		155		860				Female strobili (nr/ha)				27.03														27.03		3.30						27.03		3.30

		17				P. abies		Managed stand				Hemse, Sweden		57,23 N		18,38 E		25		560				Female strobili (nr/ha)				2.09														2.09		0.74						2.09		0.74

		19				P. abies		Managed stand				Sandbackshult, Sweden		57,00 N		16,30 E		37		730				Female strobili (nr/ha)				1.73														1.73		0.55						1.73		0.55

		19				P. abies		Managed stand				Buttle, Sweden		57,40 N		18,50 E		45		610				Female strobili (nr/ha)				2.09														2.09		0.74						2.09		0.74

		20				P. abies		Managed stand				Bollebygd, Sweden		57,66 N		12,56 E		75		480				Female strobili (nr/ha)				18.87														18.87		2.94						18.87		2.94

		21				P. abies		Managed stand				Malilla, Sweden		57,40 N		12,83 E		100		440				Female strobili (nr/ha)				2.68														2.68		0.99						2.68		0.99

		22				P. abies		Managed stand				Fagered, Sweden		57,20 N		12,82 E		110		740				Female strobili (nr/ha)				3.92														3.92		1.37						3.92		1.37

		23				P. abies		Managed stand				Allgunnen, Sweden		57,06 N		15,30 E		115		800				Female strobili (nr/ha)				2.17														2.17		0.77						2.17		0.77

		24				P. abies		Managed stand				Vimmerby, Sweden		57,66 N		15,85 E		135		460				Female strobili (nr/ha)				1.59														1.59		0.46						1.59		0.46

		25				P. abies		Managed stand				Segerstad, Sweden		57,15 N		13,57 E		170		640				Female strobili (nr/ha)				5.35														5.35		1.68						5.35		1.68

		26				P. abies		Managed stand				Navelsjo, Sweden		57,40 N		14,88 E		214		760				Female strobili (nr/ha)				2.46														2.46		0.90						2.46		0.90

		27				P. abies		Managed stand				Ulricehamn, Sweden		57,78 N		13,43 E		290		910				Female strobili (nr/ha)				6.41														6.41		1.86						6.41		1.86

		28				P. abies		Managed stand				Prastkulla, Sweden		57,73 N		14,98 E		300		620				Female strobili (nr/ha)				9.43														9.43		2.24						9.43		2.24

		29				P. abies		Managed stand				Alvhem, Sweden		58,02 N		12,15 E		5		560				Female strobili (nr/ha)				9.01														9.01		2.20						9.01		2.20

		30				P. abies		Managed stand				Svarteborg, Sweden		58,56 N		11,55 E		70		720				Female strobili (nr/ha)				10.00														10.00		2.30						10.00		2.30

		31				P. abies		Managed stand				Atvidaberg, Sweden		58,20 N		15,98 E		100		780				Female strobili (nr/ha)				2.42														2.42		0.88						2.42		0.88

		32				P. abies		Managed stand				Remningstorp, Sweden		58,45 N		13,66 E		133		500				Female strobili (nr/ha)				4.42														4.42		1.49						4.42		1.49

		33				P. abies		Managed stand				Snavlunda, Sweden		58,96 N		14,90 E		140		1050				Female strobili (nr/ha)				4.37														4.37		1.47						4.37		1.47

		34				P. abies		Managed stand				Malexander, Sweden		58,07 N		15,22 E		153		700				Female strobili (nr/ha)				4.03														4.03		1.39						4.03		1.39

		35				P. abies		Managed stand				Vasteras, Sweden		59,58 N		16,63 E		6		380				Female strobili (nr/ha)				2.58														2.58		0.95						2.58		0.95

		36				P. abies		Managed stand				Roskar, Sweden		59,42 N		18,17 E		15		340				Female strobili (nr/ha)				5.15														5.15		1.64						5.15		1.64

		37				P. abies		Managed stand				Karsta, Sweden		59,66 N		18,23 E		20		780				Female strobili (nr/ha)				1.64														1.64		0.49						1.64		0.49

		38				P. abies		Managed stand				Styckebruk		59,25 N		17,10 E		20		640				Female strobili (nr/ha)				2.18														2.18		0.78						2.18		0.78

		39				P. abies		Managed stand				Amal, Sweden		59,05 N		12,70 E		60		360				Female strobili (nr/ha)				3.61														3.61		1.28						3.61		1.28

		40				P. abies		Managed stand				Strangstorp, Sweden		59,05 N		16,22 E		62		640				Female strobili (nr/ha)				3.73														3.73		1.32						3.73		1.32

		41				P. abies		Managed stand				Arvika, Sweden		59,66 N		12,58 E		73		740				Female strobili (nr/ha)				8.26														8.26		2.11						8.26		2.11

		41				P. abies		Managed stand				Skinnskatteberg, Sweden		59,83 N		15,68 E		113		540				Female strobili (nr/ha)				3.36														3.36		1.21						3.36		1.21

		43				P. abies		Managed stand				Filipstad, Sweden		59,72 N		14,02 E		141		850				Female strobili (nr/ha)				3.97														3.97		1.38						3.97		1.38

		13				P. abies		Managed stand		Mature???		Simlangsladen, Sweden		56,71 N		13,13 E		75		530				Female strobili (nr/ha)				1.21		Average in abundant flowering year (1974)												1.21		0.19						1.21		0.19

		14				P. abies		Managed stand				Osby, Sweden		56,36 N		13,95 E		83		780				Female strobili (nr/ha)				1.72														1.72		0.54						1.72		0.54

		15				P. abies		Managed stand				Rorsbo, Sweden		56,60 N		15,52 E		140		540				Female strobili (nr/ha)				1.33														1.33		0.29						1.33		0.29

		16				P. abies		Managed stand				Ljungby, Sweden		56,83 N		13,92 E		155		860				Female strobili (nr/ha)				2.13														2.13		0.76						2.13		0.76

		17				P. abies		Managed stand				Hemse, Sweden		57,23 N		18,38 E		25		560				Female strobili (nr/ha)				2.28														2.28		0.82						2.28		0.82

		19				P. abies		Managed stand				Sandbackshult, Sweden		57,00 N		16,30 E		37		730				Female strobili (nr/ha)				5.13														5.13		1.64						5.13		1.64

		19				P. abies		Managed stand				Buttle, Sweden		57,40 N		18,50 E		45		610				Female strobili (nr/ha)				4.12														4.12		1.42						4.12		1.42

		20				P. abies		Managed stand				Bollebygd, Sweden		57,66 N		12,56 E		75		480				Female strobili (nr/ha)				1.71														1.71		0.54						1.71		0.54

		21				P. abies		Managed stand				Malilla, Sweden		57,40 N		12,83 E		100		440				Female strobili (nr/ha)				2.99														2.99		1.10						2.99		1.10

		22				P. abies		Managed stand				Fagered, Sweden		57,20 N		12,82 E		110		740				Female strobili (nr/ha)				1.66														1.66		0.51						1.66		0.51

		23				P. abies		Managed stand				Allgunnen, Sweden		57,06 N		15,30 E		115		800				Female strobili (nr/ha)				2.65														2.65		0.97						2.65		0.97

		24				P. abies		Managed stand				Vimmerby, Sweden		57,66 N		15,85 E		135		460				Female strobili (nr/ha)				1.74														1.74		0.55						1.74		0.55

		25				P. abies		Managed stand				Segerstad, Sweden		57,15 N		13,57 E		170		640				Female strobili (nr/ha)				1.51														1.51		0.41						1.51		0.41

		26				P. abies		Managed stand				Navelsjo, Sweden		57,40 N		14,88 E		214		760				Female strobili (nr/ha)				1.73														1.73		0.55						1.73		0.55

		27				P. abies		Managed stand				Ulricehamn, Sweden		57,78 N		13,43 E		290		910				Female strobili (nr/ha)				1.63														1.63		0.49						1.63		0.49

		28				P. abies		Managed stand				Prastkulla, Sweden		57,73 N		14,98 E		300		620				Female strobili (nr/ha)				2.34														2.34		0.85						2.34		0.85

		29				P. abies		Managed stand				Alvhem, Sweden		58,02 N		12,15 E		5		560				Female strobili (nr/ha)				2.06														2.06		0.72						2.06		0.72

		30				P. abies		Managed stand				Svarteborg, Sweden		58,56 N		11,55 E		70		720				Female strobili (nr/ha)				1.97														1.97		0.68						1.97		0.68

		31				P. abies		Managed stand				Atvidaberg, Sweden		58,20 N		15,98 E		100		780				Female strobili (nr/ha)				1.61														1.61		0.48						1.61		0.48

		32				P. abies		Managed stand				Remningstorp, Sweden		58,45 N		13,66 E		133		500				Female strobili (nr/ha)				1.44														1.44		0.36						1.44		0.36

		33				P. abies		Managed stand				Snavlunda, Sweden		58,96 N		14,90 E		140		1050				Female strobili (nr/ha)				2.47														2.47		0.90						2.47		0.90

		34				P. abies		Managed stand				Malexander, Sweden		58,07 N		15,22 E		153		700				Female strobili (nr/ha)				2.48														2.48		0.91						2.48		0.91

		35				P. abies		Managed stand				Vasteras, Sweden		59,58 N		16,63 E		6		380				Female strobili (nr/ha)				1.58														1.58		0.46						1.58		0.46

		36				P. abies		Managed stand				Roskar, Sweden		59,42 N		18,17 E		15		340				Female strobili (nr/ha)				2.94														2.94		1.08						2.94		1.08

		37				P. abies		Managed stand				Karsta, Sweden		59,66 N		18,23 E		20		780				Female strobili (nr/ha)				2.09														2.09		0.74						2.09		0.74

		38				P. abies		Managed stand				Styckebruk		59,25 N		17,10 E		20		640				Female strobili (nr/ha)				1.42														1.42		0.35						1.42		0.35

		39				P. abies		Managed stand				Amal, Sweden		59,05 N		12,70 E		60		360				Female strobili (nr/ha)				1.67														1.67		0.51						1.67		0.51

		40				P. abies		Managed stand				Strangstorp, Sweden		59,05 N		16,22 E		62		640				Female strobili (nr/ha)				2.15														2.15		0.77						2.15		0.77

		41				P. abies		Managed stand				Arvika, Sweden		59,66 N		12,58 E		73		740				Female strobili (nr/ha)				2.55														2.55		0.94						2.55		0.94

		41				P. abies		Managed stand				Skinnskatteberg, Sweden		59,83 N		15,68 E		113		540				Female strobili (nr/ha)				2.28														2.28		0.82						2.28		0.82

		43				P. abies		Managed stand				Filipstad, Sweden		59,72 N		14,02 E		141		850				Female strobili (nr/ha)				1.86														1.86		0.62						1.86		0.62

		13				P. abies		Managed stand		Mature???		Simlangsladen, Sweden		56,71 N		13,13 E		75		530				Female strobili (nr/ha)				29.41		Average in poor flowering year (1975)												29.41		3.38						29.41		3.38

		14				P. abies		Managed stand				Osby, Sweden		56,36 N		13,95 E		83		780				Female strobili (nr/ha)				0.00

		15				P. abies		Managed stand				Rorsbo, Sweden		56,60 N		15,52 E		140		540				Female strobili (nr/ha)				2.87														2.87		1.05						2.87		1.05

		16				P. abies		Managed stand				Ljungby, Sweden		56,83 N		13,92 E		155		860				Female strobili (nr/ha)				5.99														5.99		1.79						5.99		1.79

		17				P. abies		Managed stand				Hemse, Sweden		57,23 N		18,38 E		25		560				Female strobili (nr/ha)				0.00

		19				P. abies		Managed stand				Sandbackshult, Sweden		57,00 N		16,30 E		37		730				Female strobili (nr/ha)				1.37														1.37		0.31						1.37		0.31

		19				P. abies		Managed stand				Buttle, Sweden		57,40 N		18,50 E		45		610				Female strobili (nr/ha)				15.38														15.38		2.73						15.38		2.73

		20				P. abies		Managed stand				Bollebygd, Sweden		57,66 N		12,56 E		75		480				Female strobili (nr/ha)				9.43														9.43		2.24						9.43		2.24

		21				P. abies		Managed stand				Malilla, Sweden		57,40 N		12,83 E		100		440				Female strobili (nr/ha)				4.18														4.18		1.43						4.18		1.43

		22				P. abies		Managed stand				Fagered, Sweden		57,20 N		12,82 E		110		740				Female strobili (nr/ha)				0.00

		23				P. abies		Managed stand				Allgunnen, Sweden		57,06 N		15,30 E		115		800				Female strobili (nr/ha)				2.76														2.76		1.02						2.76		1.02

		24				P. abies		Managed stand				Vimmerby, Sweden		57,66 N		15,85 E		135		460				Female strobili (nr/ha)				5.99														5.99		1.79						5.99		1.79

		25				P. abies		Managed stand				Segerstad, Sweden		57,15 N		13,57 E		170		640				Female strobili (nr/ha)				0.00

		26				P. abies		Managed stand				Navelsjo, Sweden		57,40 N		14,88 E		214		760				Female strobili (nr/ha)				0.00

		27				P. abies		Managed stand				Ulricehamn, Sweden		57,78 N		13,43 E		290		910				Female strobili (nr/ha)				11.36														11.36		2.43						11.36		2.43

		28				P. abies		Managed stand				Prastkulla, Sweden		57,73 N		14,98 E		300		620				Female strobili (nr/ha)				27.78														27.78		3.32						27.78		3.32

		29				P. abies		Managed stand				Alvhem, Sweden		58,02 N		12,15 E		5		560				Female strobili (nr/ha)				5.47														5.47		1.70						5.47		1.70

		30				P. abies		Managed stand				Svarteborg, Sweden		58,56 N		11,55 E		70		720				Female strobili (nr/ha)				5.59														5.59		1.72						5.59		1.72

		31				P. abies		Managed stand				Atvidaberg, Sweden		58,20 N		15,98 E		100		780				Female strobili (nr/ha)				16.67														16.67		2.81						16.67		2.81

		32				P. abies		Managed stand				Remningstorp, Sweden		58,45 N		13,66 E		133		500				Female strobili (nr/ha)				8.06														8.06		2.09						8.06		2.09

		33				P. abies		Managed stand				Snavlunda, Sweden		58,96 N		14,90 E		140		1050				Female strobili (nr/ha)				7.52														7.52		2.02						7.52		2.02

		34				P. abies		Managed stand				Malexander, Sweden		58,07 N		15,22 E		153		700				Female strobili (nr/ha)				33.33														33.33		3.51						33.33		3.51

		35				P. abies		Managed stand				Vasteras, Sweden		59,58 N		16,63 E		6		380				Female strobili (nr/ha)				8.70														8.70		2.16						8.70		2.16

		36				P. abies		Managed stand				Roskar, Sweden		59,42 N		18,17 E		15		340				Female strobili (nr/ha)				1.18														1.18		0.17						1.18		0.17

		37				P. abies		Managed stand				Karsta, Sweden		59,66 N		18,23 E		20		780				Female strobili (nr/ha)				20.41														20.41		3.02						20.41		3.02

		38				P. abies		Managed stand				Styckebruk		59,25 N		17,10 E		20		640				Female strobili (nr/ha)				10.64														10.64		2.36						10.64		2.36

		39				P. abies		Managed stand				Amal, Sweden		59,05 N		12,70 E		60		360				Female strobili (nr/ha)				4.76														4.76		1.56						4.76		1.56

		40				P. abies		Managed stand				Strangstorp, Sweden		59,05 N		16,22 E		62		640				Female strobili (nr/ha)				32.26														32.26		3.47						32.26		3.47

		41				P. abies		Managed stand				Arvika, Sweden		59,66 N		12,58 E		73		740				Female strobili (nr/ha)				6.71														6.71		1.90						6.71		1.90

		41				P. abies		Managed stand				Skinnskatteberg, Sweden		59,83 N		15,68 E		113		540				Female strobili (nr/ha)				11.11														11.11		2.41						11.11		2.41

		43				P. abies		Managed stand				Filipstad, Sweden		59,72 N		14,02 E		141		850				Female strobili (nr/ha)				41.67														41.67		3.73						41.67		3.73

						P. abies		31 managed stands		Adult??														Female strobili (nr/ha)				2.14 (0.82)		Average in abundant flowering year (1974)		Lindgren and Lindgren (1976)

						P. abies		32 managed stands		Adult??														Female strobili (nr/ha)				5.33 (5.37)		Average in moderate flowering year (1973)

						P. abies		33 managed stands		Adult??														Female strobili (nr/ha)				10.66 (11.28)		Average in poor flowering year (1975)

		44		4		Abies balsam		Managed stand		Adult		Long Harbour, Newfoundland, Canada								80				Cone crop (nr/fertile tree)		47		1.22				Didhu and Staniforth (1986)										1.22		0.20						1.22		0.20

		45		5		P. mariana		Managed stand		Adult		Long Harbour, Newfoundland, Canada								82				Cone crop (nr/fertile tree)		57		1.32														1.32		0.28						1.32		0.28

		46		6		Larix lariciana		Managed stand		Adult		Long Harbour, Newfoundland, Canada								28				Cone crop (nr/fertile tree)		8		1.01														1.01		0.01						1.01		0.01

		47		7		Pinus sylvestris		Managed stand		Juvenile										25		1987		Pollen production (gr/tree)		124		2.48		One year observation		Karkkainenen(1990)										2.48		0.91														2.48		0.91

						P. sylvestris		Managed stand		Juvenile										25		1988		Seed crop		148		3.10														3.10		1.13						3.10		1.13

						P. sylvestris		Managed stand		Juvenile										25		1988		Pollen production (gr/tree)		140		2.88														2.88		1.06														2.88		1.06

																												2.05

		48		7		P. sylvestris		Natural stand		Mature		Yllas, Finland		67,57 N		24,18 E		400		44		1972		Seed crop		16		1.02		Abundant flowering year		Harju et al (1996)										1.02		0.02						1.02		0.02

						P. sylvestris		Natural stand		Mature		Yllas, Finland		67,57 N		24,18 E		400		40		1991		Seed crop		200		4.90		Poor flowering year												4.90		1.59						4.90		1.59

		49		7		P. sylvestris		Managed stand		Intermediate		Ruotsinkyla, Finland		60,25 N		25,83 E				297		50		Seed crop (nr/tree)		47		1.22		One year observation		Heikinheimo (1932)										1.22		0.20						1.22		0.20

		50				P. sylvestris		Managed stand		Intermediate		Ruotsinkyla, Finland		60,25 N		25,83 E				167		55		Seed crop (nr/tree)		98		1.95														1.95		0.67						1.95		0.67

		51				P. sylvestris		Managed stand		Intermediate		Ruotsinkyla, Finland		60,25 N		25,83 E				76		55		Seed crop (nr/tree)		77		1.59														1.59		0.46						1.59		0.46

		52				P. sylvestris		Managed stand		Intermediate		Punkaharju, Finland		61,80 N		29,30 E				52		75		Seed crop (nr/tree)		4		1.00														1.00		0.00						1.00		0.00

		53				P. sylvestris		Managed stand		Intermediate		Vesijako, Finland		61,80 N		25,00 E				292		80		Seed crop (nr/tree)		94		1.88														1.88		0.63						1.88		0.63

		54				P. sylvestris		Managed stand		Intermediate		Kivalo, Finland		66,33 N		27,17 E				140		80		Seed crop (nr/tree)		41		1.17														1.17		0.15						1.17		0.15

		55				P. sylvestris		Managed stand		Intermediate		Pohjankangas, Finland		62,00 N		22,25 E				104		90		Seed crop (nr/tree)		65		1.42														1.42		0.35						1.42		0.35

		56				P. sylvestris		Managed stand		Intermediate		Ruotsinkyla, Finland		60,25 N		25,83 E				174		95		Seed crop (nr/tree)		58		1.58														1.58		0.46						1.58		0.46

		57				P. sylvestris		Managed stand		Intermediate		Ruotsinkyla, Finland		60,25 N		25,83 E				5		95		Seed crop (nr/tree)		23		1.04														1.04		0.04						1.04		0.04

		58				P. sylvestris		Managed stand		Mature		Ruotsinkyla, Finland		60,25 N		25,83 E				394		100		Seed crop (nr/tree)		106		2.11														2.11		0.75						2.11		0.75

		59				P. sylvestris		Managed stand		Mature		Vesijako, Finland		61,50 N		25,00 E				95		110		Seed crop (nr/tree)		113		2.27														2.27		0.82						2.27		0.82

		60				P. sylvestris		Managed stand		Mature		Vesijako, Finland		61,50 N		25,00 E				66		110		Seed crop (nr/tree)		32		1.10														1.10		0.10						1.10		0.10

		61				P. sylvestris		Managed stand		Mature		Ruotsinkyla, Finland		60,25 N		25,83 E				22		110		Seed crop (nr/tree)		2		1.00														1.00		0.00						1.00		0.00

		62				P. sylvestris		Managed stand		Mature		Punkaharju, Finland		61,80 N		29,30 E				219		105-150		Seed crop (nr/tree)		53		1.28														1.28		0.25						1.28		0.25

		63				P. sylvestris		Managed stand		Mature		Vesijako, Finland		61,50 N		25,00 E				402		130		Seed crop (nr/tree)		49		1.24														1.24		0.21						1.24		0.21

		64		7		P. sylvestris		Managed stand		Mature		Finland								15				Female strobili (nr/tree)		38		1.13				Malmivaara (1971)										1.13		0.13						1.13		0.13

		65				P. sylvestris		Managed stand		Mature		Finland								99				Female strobili (nr/tree)		138		2.89														2.89		1.06						2.89		1.06

		66		8		Pinus resinosa		Managed stand												28		18		Female strobili (nr/tree)		74		1.53				Stiell (1988)										1.53		0.42						1.53		0.42

		67				P. resiinosa		Managed stand												28		32		Female strobili (nr/tree)		60		1.35														1.35		0.30						1.35		0.30

		68		9		Pinus densiflora						Kwanak, Korea		37.43N		126.97E		300		21				Filled seed (nr/cone)		99		1.94				Kang (1999)										1.94		0.66						1.94		0.66

		69		9		P. densiflora						Dobong, Korea		37.28N		127.75E		100		16				Filled seed (nr/cone)		107		2.07														2.07		0.73						2.07		0.73

		70		9		P. densiflora						Hongneung, Korea		37.58N		127.05E		70		31				Filled seed (nr/cone)		61		1.36														1.36		0.31						1.36		0.31

		71		10		P. caribaea var. hondurensis		Plantation				Ibadan, Nigeria		7.43N				227		11		17		Cone crop (nr/tree)		125		2.42				Okoro and Okali (1987)										2.42		0.88						2.42		0.88

		72		10		P. caribaea var. hondurensis		Plantation				Ngow, Nigeria		7.43N				393		11		11		Cone crop (nr/tree)		75		1.51														1.51		0.41						1.51		0.41

		73		10		P. caribaea var. hondurensis		Plantation				Ikom, Nigeria		4.98N				119		12		5		Cone crop (nr/tree)		67		1.41														1.41		0.34						1.41		0.34

		74		11		Pseudotsuga menziesii		half sib family stand				British Columbia, Canada		48.35N		123.24W		50		642		18		Seed cone (nr/tree)		153		3.34		half sib family stand		El-Kassaby et al., (1989)										3.34		1.21						3.34		1.21

																				642		19		Seed cone (nr/tree)		237		6.61														6.61		1.89						6.61		1.89

																				640		20		Seed cone (nr/tree)		149		3.22														3.22		1.17						3.22		1.17

																				637		21		Seed cone (nr/tree)		124		2.54														2.54		0.93						2.54		0.93

																				612		22		Seed cone (nr/tree)		152		3.31														3.31		1.20						3.31		1.20

																				593		23		Seed cone (nr/tree)		315		10.91														10.91		2.39						10.91		2.39

																				583		24		Seed cone (nr/tree)		222		5.92														5.92		1.78						5.92		1.78

																				581		25		Seed cone (nr/tree)		61		1.37														1.37		0.32						1.37		0.32

						Broad leaves

		1		1		Acacia farnesiana		Natural stand highly disturbed		Mature		Canas, Costa Rica								10				Fruit crop (gr/tree)		112		2.13		One year observation		Rockwood (1973)										2.13		0.76						2.13		0.76

		2		2		Bauhinia ungulata		Natural stand highly disturbed		Mature		Canas, Costa Rica								10				Fruit crop (gr/tree)		72		1.47														1.47		0.38						1.47		0.38

		3		3		Cochlospermum vitifolium		Natural stand highly disturbed		Mature		Canas, Costa Rica								10				Fruit crop (gr/tree)		110		2.09														2.09		0.74						2.09		0.74

		4		4		Grilicidia sepium		Natural stand highly disturbed		Mature		Canas, Costa Rica								10				Fruit crop (gr/tree)		129		2.50														2.50		0.92						2.50		0.92

		5		5		Spondias purpurea		Natural stand highly disturbed		Mature		Canas, Costa Rica								9				Fruit crop (gr/tree)		204		4.70														4.70		1.55						4.70		1.55

		6		6		Crescentia alata		Natural stand highly disturbed		Mature		Canas, Costa Rica								8				Fruit crop (gr/tree)		86		1.65														1.65		0.50						1.65		0.50

		7		7		Milletia stuhlmannii		Natural stand highly disturbed		Mature		Inhassoro, Mozambique		21,56 S		35,17 E		70		50				Seed crop (nr/tree)		71		1.49		One year observation		Bila & Lindgren (1998)										1.49		0.40						1.49		0.40

		8		8		Brachystegia boemii		Natural stand highly disturbed		Mature		Inhassoro, Mozambique		21,56 S		35,17 E		70		50				Seed crop (nr/tree)		93		1.85														1.85		0.61						1.85		0.61

		9		9		Brachystegia spiciformis		Natural stand highly disturbed		Mature		Inhassoro, Mozambique		21,56 S		35,17 E		70		50				Seed crop (nr/tree)		117		2.34														2.34		0.85						2.34		0.85

		10		4		Gliricidia sepium		Managed stand		Juvenile		Ibadan, Nigeria		7,50 N		3,90 E				20		2		Seed crop (gr/tree)		93		1.82		One year observation		Sumberg (1983)										1.82		0.60						1.82		0.60

		11		10		Leucaena diversifolia		Managed stand		Juvenile		Machako, Kenia		1,55 S		37,13 E		1660		20		2		Seed crop (gr/tree)		91		1.79		One year observation		Were et al (1998)										1.79		0.58						1.79		0.58

		12		11		Leucaena pallida		Managed stand		Juvenile		Machako, Kenia		1,55 S		37,13 E		1660		20		2		Seed crop (gr/tree)		207		5.07														5.07		1.62						5.07		1.62

		13		11		Leucaena pallida		Managed stand		Juvenile		Muguga, Kenia		1,23 S		36,63 E		2150		20		2		Seed crop (gr/tree)		286		8.77														8.77		2.17						8.77		2.17

		14		12		Leucaena trichandra		Managed stand		Juvenile		Machako, Kenia		1,55 S		37,13 E		1660		20		2		Seed crop (gr/tree)		33		1.10														1.10		0.10						1.10		0.10

		15		12		Leucaena trichandra		Managed stand		Juvenile		Muguga, Kenia		1,23 S		36,63 E		2150		20		2		Seed crop (gr/tree)		46		1.20														1.20		0.18						1.20		0.18

		16		13		Leucaena leucocephala		Managed stand		Intermediate		Maputo, Mozambique		25,73 S		34,68 E		25		45		0.5		Seed crop (nr/tree)		129		2.63		Six months shooting		Bila & Lindgren (1998)										2.63		0.97						2.63		0.97

		17		7		Milletia stuhlmannii		Managed stand		Mature		Maputo, Mozambique		25,73 S		34,68 E		25		100		60		Seed crop (nr/tree)		74		1.54														1.54		0.43						1.54		0.43

		18		14		Tectona grandis		Managed stand		Mature		Namaacha, Mozambique		25,98 S		32,02 E		520		154		65		Fruit crop (nr/tree)		113		2.27		One year observation		Bila et al (1998)										2.27		0.82						2.27		0.82

																				154		65		Stamens (nr/tree)		113		2.28														2.28		0.82														2.28		0.82

																												1.65

		19		15		Hybantus prunifolius		Natural stand		Mature		Borro Colorado Island Panama								20				Seed crop (nr/tree)		91		1.78				Augspurger (1983)										1.78		0.58						1.78		0.58

		20		16		Turnera panamensis		Natural stand		Mature		Borro Colorado Island Panama								20				Seed crop (nr/tree)		76		1.55														1.55		0.44						1.55		0.44

		21		17		Rinorea sylvatica		Natural stand		Mature		Borro Colorado Island Panama								20				Seed crop (nr/tree)		85		1.69														1.69		0.52						1.69		0.52

		22		18		Psychotria horizontalis		Natural stand		Mature		Borro Colorado Island Panama								20				Seed crop (nr/tree)		128		2.56														2.56		0.94						2.56		0.94

		23		19		Erythrina costaricensis		Natural stand		Mature		Borro Colorado Island Panama								20				Seed crop (nr/tree)		83		1.65														1.65		0.50						1.65		0.50

		25		20		Pentagoniamacrophylla		Natural stand		Mature		Borro Colorado Island Panama								20				Seed crop (nr/tree)		78		1.57														1.57		0.45						1.57		0.45

																																						Total (female and  male fertility)								Female fertility								Male fertility

																																						Number of species		Number of stands		Aritmetic mean		Geometric mean		Number of species		Number of stands		Aritmetic mean		Geometric mean		Number of species		Number of stands		Aritmetic mean		Geometric mean

																																												1.03								1.06								0.47

																																				Conifers		11		74		4.66		2.81		11		74		4.79		2.88		3		5		1.73		1.60

																																				Amplitude of variaton						1   to   41.70								1   to   41.70								1 .07  to  2.88

																																				Stdev						6.71								6.82								0.77

																																				Max						41.67								41.67								2.88

																																				Min						1.00								1.00								1.07

																																												0.74								0.73

																																				Hardwoods		20		25		2.38		2.09		20		25		2.38		2.08		1		1		2.28

																																				Amplitude of variaton						1.10   to  8.77								1.10   to  8.77

																																				Stdev						1.62								1.66

																																				Max						8.77								8.77

																																				Min						1.10								1.10

																																												0.99								1.01								0.52

																																				Conifers + hardwoods		31		99		4.33		2.69		31		99		4.43		2.75		4		6		1.81		1.68

																																				Amplitude of variaton						1   to   41.70								1   to   41.70								1 .07  to  2.88

																																				Stdev						6.28								6.39								0.73

																																				Max						41.67								41.67								2.88

																																				Min						1.00								1.00								1.07



Kyu-Suk Kang:
What are the criteria to classify these stages?



Appendix 2

				APPENDIX 2																																				Total female & male fertility								Female fertility								Male fertility

				Seed orchards

		Specie		SO		species		Development		Location		Latitude		Longitude		Altitude		Size		Avg. age		Traits		C.V.		A		Reference		Remarks										A		A						A		A						A		A

		number		Number				stage								(m)		(N)		(yrs)				(%)		Average (SD)														Average (SD)		Geometric mean						Average (SD)		Geometric mean						Average (SD)		Geometric mean

						Conifers

		1		1		Picea abies		Juvenile		Roskar, Sweden		59.50N		18.40E				20		11		Female strobili (nr/tree)		99		1.93		Eriksson et al., 1973												1.93		0.66						1.93		0.66

																						Male strobili (nr/tree)		115		2.26														2.26		0.82														2.26		0.82

																						Total				1.58

				2		P. abies		Intermediate?		Denmark		55.60N		11.50E				24		28		Total female & male strobili (nr/tree)				1.85		Kjaer, 1996		Poor flowering year (estimated from Ne)										1.85		0.62

																				29		Total female & male strobili (nr/tree)				1.69				Abundant flowering year										1.69		0.52

																				31		Total female & male strobili (nr/tree)				1.36				Intermediate flowering year										1.36		0.31

				2		P. abies		Juvenile		Denmark		55.60N		11.50E				100		10		seeds yield(kg/clone)		65		1.42		Kjaer & Wellendorf, 1997												1.42		0.35						1.42		0.35

				3		P. abies		Juvenile		Jung, Sweden		58.20N		13.08E		70		40		6		Female strobili (nr/ha)		127		2.62		Lindgren & Lindgren, 1976		Moderate flowering year										2.62		0.96						2.62		0.96

																						Male strobili (nr/ha)		73		1.53														1.53		0.42														1.53		0.42

																						Total				1.55

																				10		Female strobili (nr/ha)		335		12.20				Poor flowering year										12.20		2.50						12.20		2.50

																						Male strobili (nr/ha)		182		4.31														4.31		1.46														4.31		1.46

																						Total				4.72

																				11		Female strobili (nr/ha)		314		10.87														10.87		2.39						10.87		2.39

																						Male strobili (nr/ha)		177		4.15														4.15		1.42														4.15		1.42

																						Total				4.34

																				12		Female strobili (nr/ha)		88		1.78				Good flowering year										1.78		0.58						1.78		0.58

																						Male strobili (nr/ha)		67		1.44														1.44		0.37														1.44		0.37

																						Total				1.31

																				13		Female strobili (nr/ha)		119		2.42														2.42		0.88						2.42		0.88

																						Male strobili (nr/ha)		81		1.66														1.66		0.50														1.66		0.50

																						Total				1.53

		2		4		Picea glauca		Juvenile		Ontario, Canada		44.15N		79.50W				12		12		Seeds		49		1.24		Denti & Schoen, 1988												1.24		0.21						1.24		0.21

																						Male strobili		151		3.29														3.29		1.19														3.29		1.19

																						Total				1.69

				4		P. glauca		Juvenile		Ontario, Canada		44.15N		79.50W				33		11		Female strobili (nr/ramet)		83		1.67		Schoen, Denti & Stewart, 1986												1.67		0.51						1.67		0.51

																						Male strobili(nr/ramet)		128		2.59														2.59		0.95														2.59		0.95

																						Total				1.58

																				12		Female strobili (nr/ramet)		166		3.68														3.68		1.30						3.68		1.30

																						Male strobili(nr/ramet)		173		3.90														3.90		1.36														3.90		1.36

																						Total				2.44

				5		P. glauca		Juvenile		Wisconsin, U.S.A.		45.50N		90.50W				12		6		Seed cone (nr/ramet)		64		1.41		Nienstaedt & Jeffers, 1970												1.41		0.35						1.41		0.35

																				9		Seed cone (nr/ramet)		45		1.20														1.20		0.18						1.20		0.18

				6		P. glauca				Central Plateau, BC, Canada		50.78N		119.40W		510		15		9		Seed cone (nr/graft)		78		1.57		Ross (1992)		Goof flowering clones										1.57		0.45						1.57		0.45

																						Polen cone (nr/graft)		115		2.23														2.23		0.80														2.23		0.80

																										1.46

																		15		9		Seed cone (nr/graft)		156		3.27				Poor flowering clones										3.27		1.19						3.27		1.19

																						Polen cone (nr/graft)		168		3.63														3.63		1.29														3.63		1.29

																										2.26

				7		P. glauca				Bulkley Valley, BC, Canada		50.78N		119.40W		350		15		8		Seed cone (nr/graft)		92		1.79		Ross (1992)		Goof flowering clones										1.79		0.58						1.79		0.58

																						Polen cone (nr/graft)		78		1.57														1.57		0.45														1.57		0.45

																										1.35

																		15		8		Seed cone (nr/graft)		136		2.73				Poor flowering clones										2.73		1.00						2.73		1.00

																						Polen cone (nr/graft)		117		2.28														2.28		0.82														2.28		0.82

																										1.77

		3		8		Picea sitchensis		Intermediate?		British Columbia, Canada		48.35N		123.24W				22		17		Seed cone (nr/clone)		111		2.22		Chaisurisri & El-kassaby, 1993												2.22		0.80						2.22		0.80

																				19		Seed cone (nr/clone)		65		1.43														1.43		0.36						1.43		0.36

		4		9		Picea mariana		Juvenile		Ontario, Canada		48.32N		89.8W				12		13		Female strobili (nr/ramet)		57		1.30		O'Reilly et al., 1982												1.30		0.26						1.30		0.26

																						Male strobili(nr/ramet)		120		2.32														2.32		0.84														2.32		0.84

																						Total				1.44

		5		10		Pinus contorta		Juvenile		Sundsvall, Sweden		62.30N		17.30E		10		40		13		Female strobili(nr/graft)		56		1.31		Yazdani & Fries, 1989												1.31		0.27						1.31		0.27

																						Pollen production(g/graft)		89		1.79														1.79		0.58														1.79		0.58

																						Total				1.28

				10				Juvenile		Sundsvall, Sweden		62.30N		17.30E		10		20		12		Female strobili (nr/graft)		177		3.97		Fries, 1994		Unpruned grafts										3.97		1.38						3.97		1.38

																						Male strobili (nr/graft)		50		1.24														1.24		0.21														1.24		0.21

																						Total				1.84

																				13		Female strobili (nr/graft)		108		2.11														2.11		0.75						2.11		0.75

																						Male strobili (nr/graft)		33		1.10														1.10		0.10														1.10		0.10

																						Total				1.32

																				14		Female strobili (nr/graft)		111		2.16														2.16		0.77						2.16		0.77

																						Male strobili (nr/graft)		77		1.57														1.57		0.45														1.57		0.45

																						Total				1.45

																				18		Female strobili (nr/graft)		57		1.31														1.31		0.27						1.31		0.27

																				19		Seed cone (nr/graft)		49		1.22														1.22		0.20						1.22		0.20

		6		11		Pinus densiflora		Intermediate		Anmyun, Korea		36.3N		126.2E		35		99		20		Female strobili (nr/clone)		94		1.87		Kang & Lindgren, 1998												1.87		0.63						1.87		0.63

																						Male strobili (nr/clone)		64		1.41														1.41		0.34														1.41		0.34

																						Total				1.32

		7		12		Pinus thunbergii		Intermediate		Anmyun, Korea		36.3N		126.2E		35		60		18		Female strobili (nr/clone)		36		1.13		Kang & Lindgren, 1998												1.13		0.12						1.13		0.12

																						Male strobili (nr/clone)		57		1.32														1.32		0.28														1.32		0.28

																						Total				1.11

		8		13		Pinus koraiensis		Juvenile		Gomae, Korea		37.7N		127.2E		100		180		8		Female strobili (nr/clone)		146		3.13		Kang & Lindgren, 1999												3.13		1.14						3.13		1.14

																						Male strobili (nr/clone)		367		14.47														14.47		2.67														14.47		2.67

																						Total				4.92

																				9		Female strobili (nr/clone)		123		2.51														2.51		0.92						2.51		0.92

																						Male strobili (nr/clone)		333		12.09														12.09		2.49														12.09		2.49

																						Total				4.17

																				10		Female strobili (nr/clone)		117		2.37														2.37		0.86						2.37		0.86

																						Male strobili (nr/clone)		278		8.73														8.73		2.17														8.73		2.17

																						Total				3.29

																				11		Female strobili (nr/clone)		89		1.79														1.79		0.58						1.79		0.58

																						Male strobili (nr/clone)		249		7.20														7.20		1.97														7.20		1.97

																						Total				2.76

																				12		Female strobili (nr/clone)		113		2.28														2.28		0.82						2.28		0.82

																						Male strobili (nr/clone)		377		15.21														15.21		2.72														15.21		2.72

																						Total				4.89

		9		14		Pinus nigra		Juvenile		Guadalajara, Spain		41.61N		3.15E		685		30		3		Female strobili (nr/ramet)		132		2.68		Climent et al (1997)		Heteroplastic grafts										2.68		0.99						2.68		0.99

																				4		Female strobili (nr/ramet)		70		1.47														1.47		0.39						1.47		0.39

																				5		Female strobili (nr/ramet)		129		2.61														2.61		0.96						2.61		0.96

																				6		Female strobili (nr/ramet)		76		1.56														1.56		0.44						1.56		0.44

																				7		Female strobili (nr/ramet)		98		1.93														1.93		0.66						1.93		0.66

				15		Pinus nigra		Juvenile		Guadalajara, Spain		41.61N		3.15E		685		228		3		Female strobili (nr/ramet)		219		5.78		Climent et al (1997)		Homoplastic grafts										5.78		1.75						5.78		1.75

																				4		Female strobili (nr/ramet)		132		2.73														2.73		1.01						2.73		1.01

																				5		Female strobili (nr/ramet)		192		4.67														4.67		1.54						4.67		1.54

																				6		Female strobili (nr/ramet)		150		3.24														3.24		1.18						3.24		1.18

																				7		Female strobili (nr/ramet)		255		7.47														7.47		2.01						7.47		2.01

		10		16		Pinus radiata		Juvenile		Gippsland, Australia		37.50S		146.0E				30		8		Seeds yield(kg/clone)		77		1.59		Griffin, 1982												1.59		0.47						1.59		0.47

																						Male strobili (nr/clone)		50		1.25														1.25		0.22														1.25		0.22

																						Total				1.22

		11		17		Pinus sylvestris		Intermediate		Nebraska, USA		41.10N		96.25W		354		41		13		Seed cone (nr/clone)		123		2.47		Boes et al., 1991												2.47		0.91						2.47		0.91

																				14		Seed cone (nr/clone)		81		1.64														1.64		0.50						1.64		0.50

																				15		Seed cone (nr/clone)		77		1.58														1.58		0.46						1.58		0.46

				18		P.  sylvestris		Intermediate		Gniewkowo, Poland		53.10N		18.60E				32		18		Seed cone (nr/clone)		21		1.04		Burczyk & Chalupka, 1997												1.04		0.04						1.04		0.04

																						Pollen production (g/clone)		56		1.32														1.32		0.28														1.32		0.28

																						Total				1.09

				19		P.  sylvestris		Juvenile		Langtora, Sweden		59.43N		17.08E		15		36		12		female strobili		93		1.87		Jonsson et al., 1976												1.87		0.63						1.87		0.63

																						male strobili		72		1.53														1.53		0.42														1.53		0.42

																						Total				1.36

				20		P.  sylvestris		Mature		Viitaselka, Finland		62.15N		27.35E				24		31		Seeds		43		1.17		Karikkainen & Savolainen, 1992												1.17		0.16						1.17		0.16

																						Pollen production(g)		53		1.27														1.27		0.24														1.27		0.24

																						Total				1.11

				21		P.  sylvestris		Intermediate		Finland								25		21		Pollen production(g/clone)		67		1.43		Koski, 1981												1.43		0.36														1.43		0.36

																				22		Pollen production(g/clone)		61		1.36														1.36		0.31														1.36		0.31

										Finland								25		21		Pollen production(g/clone)		116		2.30														2.30		0.83														2.30		0.83

																				22		Pollen production(g/clone)		115		2.27														2.27		0.82														2.27		0.82

				22		P.  sylvestris		Mature		Viitaselka, Finland		62.15N		27.35E				25		31		Cone production		76		1.58		Muona & Harju, 1989; Savolainen et al., 1993												1.58		0.46						1.58		0.46

																						Pollen production		57		1.32														1.32		0.28														1.32		0.28

																						Total				1.24

				23		P.  sylvestris		Mature		Vihelminmaki, Finland		62.05N		25.15E				28		27		Cone production		103		2.06		Muona & Harju, 1989; Savolainen et al., 1993												2.06		0.72						2.06		0.72

																						Pollen production		136		2.85														2.85		1.05														2.85		1.05

																						Total				1.75

		12		24		Pinus taeda												14		7		Cones		106		2.12		Bergman, 1968												2.12		0.75						2.12		0.75

				25		P.  taeda		Juvenile		South Mississippi, USA		31.20N		89.70W				18		10		Female strobili (nr/ramet)		70		1.47		Schmidtling, 1983		Good cone year										1.47		0.38						1.47		0.38

																				11		Female strobili (nr/ramet)		127		2.53				Poor cone year										2.53		0.93						2.53		0.93

																				12		Seed cones (nr/ramet)		146		3.01														3.01		1.10						3.01		1.10

				26		Pinus nigra		Intermediate		Peloponnesos, Greece		40.20N		21.50E				52		11		Seed cone (nr/clone)		63		1.39		Matziris, 1993		Intermediate cone year										1.39		0.33						1.39		0.33

																				12		Seed cone (nr/clone)		80		1.64				Poor cone year										1.64		0.50						1.64		0.50

																				13		Seed cone (nr/clone)		53		1.29				Good cone year										1.29		0.25						1.29		0.25

		13		27		Pinus halepensis		Juvenile		Amphilochia, Greece		38.90N		21.20E				55		4		Female strobili (nr/clone)		65		1.42		Matziris, 1997		Commercial cone harvesting started 8 yrs old										1.42		0.35						1.42		0.35

																				5		Female strobili (nr/clone)		56		1.30														1.30		0.26						1.30		0.26

																				9		Seed cone (nr/clone)		42		1.17														1.17		0.16						1.17		0.16

																				10		Seed cone (nr/clone)		47		1.21														1.21		0.19						1.21		0.19

				27		P. halepensis		Juvenile		Amphilochia, Greece		38.90N		21.20E				60		8		Full seeds (nr/clone)		41		1.17		Matziris, 1998												1.17		0.15						1.17		0.15

																				9		Full seeds (nr/clone)		26		1.07														1.07		0.07						1.07		0.07

		14		28		Pseudotsuga menziesii		Juvenile		Washington, USA		46.90N		123.0W				21		13		Seeds (nr/clone)		27		1.07		Erickson & Adams, 1989		Good seed crop year										1.07		0.07						1.07		0.07

				29		Pseudotsuga menziesii				Saanichton, B.C. Canada								19				Filled seeds (nr/family)		55		1.29		El-Kassaby and Thomson (1994)												1.29		0.25						1.29		0.25

				30		Pseudotsuga menziesii				Pacif Forest, B.C. Canada		48.58N		123.40W				35		19		Filled seeds (nr/clone)		104		2.05		El-Kassaby and Cook (1994)												2.05		0.72						2.05		0.72

		15		31		Betula pendula		Juvenile		Punkaharju, Finland		61.49N		29.18E		90		10		3		Seed caktins (nr/tree)		128		2.63		Vilhera-Aarnio & Ryynanen, 1995		Seedling indoor  seed orchard										2.63		0.97						2.63		0.97

																						Male caktins (nr/tree)		288		9.32														9.32		2.23														9.32		2.23

																						Total				3.76

																				4		Seed caktins (nr/tree)		101		2.02				Seedling, abundant flowering year										2.02		0.70						2.02		0.70

																						Male caktins (nr/branch)		125		2.56														2.56		0.94														2.56		0.94

																						Total				1.72

				32		Betula pendula				Punkaharju, Finland								10		3		Seed caktins (nr/tree)		142		3.01		Vilhera-Aarnio & Ryynanen, 1995		Graft indoor seed orchard										3.01		1.10						3.01		1.10

																						Male caktins (nr/tree)		85		1.72														1.72		0.54														1.72		0.54

																						Total				1.76

																				4		Seed caktins (nr/tree)		75		1.56														1.56		0.45						1.56		0.45

																						Male caktins (nr/branch)		129		2.66														2.66		0.98														2.66		0.98

																						Total				1.62

				33		Betula pendula				Punkaharju, Finland								10		3		Seed caktins (nr/tree)		106		2.12		Vilhera-Aarnio & Ryynanen, 1995		Micropropagated plant indoo seed orchard										2.12		0.75						2.12		0.75

																						Male caktins (nr/tree)		98		1.97														1.97		0.68														1.97		0.68

																						Total				1.58

																				4		Seed caktins (nr/tree)		74		1.55														1.55		0.44						1.55		0.44

																						Male caktins (nr/branch)		121		2.46														2.46		0.90														2.46		0.90

																						Total				1.56

																																				Total (female and  male fertility)								Female fertility								Male fertility

																																				Number of species		Number of s.o.		Aritmetic mean		Geometric mean		Number of species		Number of s.o.		Aritmetic mean		Geometric mean		Number of species		Number of s.o.		Aritmetic mean		Geometric mean

																																										0.75								0.69								0.90

																																		Conifers		14		30		2.70		2.12		14		28		2.36		2.00		9		21		3.43		2.46

																																		Amplitude of variaton						1.04 to 15.21								1.04 to 12.20								1.10 to 15.21

																																		Stdev						2.67								1.97								3.67

																																		Max						15.21								12.20								15.21

																																		Min						1.04								1.04								1.10

																																										0.89								0.74								1.05

																																		Hardwoods		1		3		2.80		2.44		1		3		2.15		2.09		1		3		3.45		2.85

																																		Amplitude of variaton						1.55 to 9.32								1.55 to 3.01								1.72 to 9.32

																																		Stdev						2.11								0.58								2.90

																																		Max						9.32								3.01								9.32

																																		Min						1.55								1.55								1.72

																																										0.77								0.69								0.92

																																		Conifers + hardwoods		15		33		2.71		2.15		15		31		2.34		1.99		10		24		3.44		2.51

																																		Amplitude of variaton						1.04 to 15.21								1.04 to 12.20								1.10 to 15.21

																																		Stdev						2.61								1.89								3.54

																																		Max						15.21								12.20								15.21

																																		Min						1.04								1.04								1.10



Kyu-Suk Kang:
What are the criteria to classify these stages?



Tables

		Table 1. Average sibling coefficient (A) and standard deviation (SD), variation amplitude and geometric mean in stands (STD)

				N. of		N. of		A		Variation		Geometric

				species		stands		Average(SD)		amplitude		mean

		Female fertility

		Conifers		11		74		4.79 (6.82)		1.00 - 41.67		2.88

		Hardwoods		20		25		2.38 (1.66)		1.10 -  8.77		2.08

		Conifers and hardwoods		33		99		4.43 (6.39)		1.00 - 41.67		2.75

		Male fertility

		Conifers		3		5		1.73 (0.77)		1.07 -  2.88		1.60

		Hardwoods		1		1

		Conifers and hardwoods		4		6		1.81 (0.73)		1.07 -  2.88		1.68

		Total (Female and male)

		Conifers		11		74		4.66 (6.71)		1.00 - 41.67		2.81

		Hardwoods		20		25		2.38 (1.62)		1.10 -  8.77		2.09

		Conifers and hardwoods		33		99		4.33 (6.39)		1.00 - 41.67		2.69

		Table 2. Average sibling coefficient (A) and standard deviation (SD), variation amplitude and geometric mean in seed orchards

				N. of		N. of		A		Variation		Geometric

				species		seed orchards		Average(SD)		amplitude		mean

		Female fertility

		Conifers		14		30		2.36 (1.97)		1.04 - 12.20		2.00

		Hardwoods		1		3		2.15 (0.58)		3.01		2.09

		Conifers and hardwoods		15		33		2.34 (1.89)		1.04 - 12.20		1.99

		Male fertility

		Conifers		9		21		3.34 (3.67)		1.10 - 15.21		2.46

		Hardwoods		1		3		3.45 (2.90)		1.72 - 9.32		2.85

		Conifers and hardwoods		10		24		3.44 (3.54)		1.10 - 15.21		2.51

		Total (Female and male)

		Conifers		14		30		2.70 (2.67)		1.04 - 15.21		2.12

		Hardwoods		1		3		2.80 (2.11)		1.55 - 9.32		2.44

		Conifers and hardwoods		15		33		2.71 (2.61)		1.04 - 15.21		2.15





Chart 1&2

														Figure 1

		CV (%)		Parameter A		A

		amplitude		amplitude		frequency

		CV(%) 0 - 50		A 1.00 - 1.25		15

		50 - 100		1.25 - 2.00		30

		100 - 150		2.00 - 3.20		24

		150 - 200		3.20 - 5.00		9

		200 - 250		5.00 - 7.20		8

		250 - 300		7.20 - 9.90		5

		300 - 350		9.90 - 13.10		3

		350 - 400		13.10 - 16.80		1

		CV > 400		A > 16.80		5

														Figure 2

		CV (%)		A		N of seed orchards

		amplitude		amplitude		Female A frequency		Male A frequency

		CV(%)   0 - 50		A   1.00 - 1.25		15		7

		50 - 100		1.25 - 2.00		43		39

		100 - 150		2.00 - 3.20		30		27

		150 - 200		3.20 - 5.00		7		12

		200 - 250		5.00 - 7.20		1		3

		250 - 300		7.20 - 9.90		1		5

		300 - 350		9.90 - 13.10		3		2

		350 - 400		13.10 - 16.80		0		5
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Appedix 1

		APPENDIX 1																																								Total female and male fertility								Female fertility								Male fertility

		Stands

		Stand		Specie		Specie		Stand type		Development		Location		Latitude		Longitude		Altitude		Size		Avg. age		Tait		C.V.		A		Remarks		Reference										A		A						A		A						A		A

		number		number						stage								(m)		(N)		(yrs)				(%)		Average (SD)														Average (SD)		Geometric mean						Aritmrtic mean		Geometric mean						Average (SD)		Geometric mean

						Conifers

		1		1		Picea engelmannii		Natural, wet site		Mature		Niwot Ridge, Colorado, USA						3200		13		138		Female strobili (nr/tree)		24		1.05		Wet site, one year observation		Shea (1987)										1.05		0.05						1.05		0.05

						P. engelmannii		Natural, wet site		Mature		Niwot Ridge, Colorado, USA						3200		13		138		Male strobili (nr/tree)		28		1.07														1.07		0.07														1.07		0.07

																												1.03

		2				P. engelmannii		Natural,  dry site		Mature		Niwot Ridge, Colorado, USA						3200		19		245		Female strobili (nr/tree)		18		1.03		Dry site, one year observation												1.03		0.03						1.03		0.03

						P. engelmannii		Natural,  dry site		Mature		Niwot Ridge, Colorado, USA						3200		19		245		Male strobili(nr/tree)		27		1.07														1.07		0.07														1.07		0.07

																												1.03

		3		2		Picea lasiocarpa		Natural, wet site		Mature		Niwot Ridge, Colorado, USA						3200		20		127		Female strobili (nr/tree)		7		1.00		Wet site, one year observation		Shea (1987)										1.00		0.00						1.00		0.00

						P. lasiocarpa		Natural, wet site		Mature		Niwot Ridge, Colorado, USA						3200		20		127		Male strobili (nr/tree)		63		1.38														1.38		0.32														1.38		0.32

																												1.10

		4				P. lasiocarpa		Natural,  dry site		Mature		Niwot Ridge, Colorado, USA						3200		20		154		Female strobili (nr/tree)		5		1.00		Dry site, one year observation												1.00		0.00						1.00		0.00

						P. lasiocarpa		Natural,  dry site		Mature		Niwot Ridge, Colorado, USA						3200		20		154		Male strobili (nr/tree)		71		1.48														1.48		0.39														1.48		0.39

																												1.13

		5		3		Picea abies		Managed stand		Juvenile		Vesijako, Finland		61,50 N		25,00 E				525		40		Seed crop (nr/tree)		54		1.29		One year observation		Heikinheimo (1932)										1.29		0.26						1.29		0.26

		6				P. abies		Managed stand		Intermediate		Vesijako, Finland		62,50 N		26,00 E				437		80		Seed crop (nr/tree)		34		1.11														1.11		0.10						1.11		0.10

		7				P. abies		Managed stand		Intermediate		Ruotsinkyla, Finland		60,25 N		25,83 E				428		90		Seed crop (nr/tree)		59		1.35														1.35		0.30						1.35		0.30

		8				P. abies		Managed stand		Mature		Vesijako, Finland		61,50 N		25,00 E				270		100		Seed crop (nr/tree)		10		1.01														1.01		0.01						1.01		0.01

		9				P. abies		Managed stand		Mature		Vesijako, Finland		61,50 N		25,00 E				109		100		Seed crop (nr/tree)		29		1.08														1.08		0.08						1.08		0.08

		10				P. abies		Managed stand		Mature		Vesijako, Finland		61,50 N		25,00 E				207		110		Seed crop (nr/tree)		71		1.49														1.49		0.40						1.49		0.40

		11				P. abies		Managed stand		Mature		Ruotsinkyla, Finland		60,25 N		25,83 E				113		110		Seed crop (nr/tree)		76		1.57														1.57		0.45						1.57		0.45

		12				P. abies		Managed stand		Mature		Ruotsinkyla, Finland		60,25 N		25,83 E				66		110		Seed crop (nr/tree)		28		1.08														1.08		0.07						1.08		0.07

		13				P. abies		Managed stand				Simlangsladen, Sweden		56,71 N		13,13 E		75		530				Female strobili (nr/ha)				3.10		Calculations based on Nr/ha		Lindgren and Lindgren (1976)										3.10		1.13						3.10		1.13

		14				P. abies		Managed stand				Osby, Sweden		56,36 N		13,95 E		83		780				Female strobili (nr/ha)				5.92		Average in moderate flowering year (1973)												5.92		1.78						5.92		1.78

		15				P. abies		Managed stand				Rorsbo, Sweden		56,60 N		15,52 E		140		540				Female strobili (nr/ha)				1.62														1.62		0.48						1.62		0.48

		16				P. abies		Managed stand				Ljungby, Sweden		56,83 N		13,92 E		155		860				Female strobili (nr/ha)				27.03														27.03		3.30						27.03		3.30

		17				P. abies		Managed stand				Hemse, Sweden		57,23 N		18,38 E		25		560				Female strobili (nr/ha)				2.09														2.09		0.74						2.09		0.74

		19				P. abies		Managed stand				Sandbackshult, Sweden		57,00 N		16,30 E		37		730				Female strobili (nr/ha)				1.73														1.73		0.55						1.73		0.55

		19				P. abies		Managed stand				Buttle, Sweden		57,40 N		18,50 E		45		610				Female strobili (nr/ha)				2.09														2.09		0.74						2.09		0.74

		20				P. abies		Managed stand				Bollebygd, Sweden		57,66 N		12,56 E		75		480				Female strobili (nr/ha)				18.87														18.87		2.94						18.87		2.94

		21				P. abies		Managed stand				Malilla, Sweden		57,40 N		12,83 E		100		440				Female strobili (nr/ha)				2.68														2.68		0.99						2.68		0.99

		22				P. abies		Managed stand				Fagered, Sweden		57,20 N		12,82 E		110		740				Female strobili (nr/ha)				3.92														3.92		1.37						3.92		1.37

		23				P. abies		Managed stand				Allgunnen, Sweden		57,06 N		15,30 E		115		800				Female strobili (nr/ha)				2.17														2.17		0.77						2.17		0.77

		24				P. abies		Managed stand				Vimmerby, Sweden		57,66 N		15,85 E		135		460				Female strobili (nr/ha)				1.59														1.59		0.46						1.59		0.46

		25				P. abies		Managed stand				Segerstad, Sweden		57,15 N		13,57 E		170		640				Female strobili (nr/ha)				5.35														5.35		1.68						5.35		1.68

		26				P. abies		Managed stand				Navelsjo, Sweden		57,40 N		14,88 E		214		760				Female strobili (nr/ha)				2.46														2.46		0.90						2.46		0.90

		27				P. abies		Managed stand				Ulricehamn, Sweden		57,78 N		13,43 E		290		910				Female strobili (nr/ha)				6.41														6.41		1.86						6.41		1.86

		28				P. abies		Managed stand				Prastkulla, Sweden		57,73 N		14,98 E		300		620				Female strobili (nr/ha)				9.43														9.43		2.24						9.43		2.24

		29				P. abies		Managed stand				Alvhem, Sweden		58,02 N		12,15 E		5		560				Female strobili (nr/ha)				9.01														9.01		2.20						9.01		2.20

		30				P. abies		Managed stand				Svarteborg, Sweden		58,56 N		11,55 E		70		720				Female strobili (nr/ha)				10.00														10.00		2.30						10.00		2.30

		31				P. abies		Managed stand				Atvidaberg, Sweden		58,20 N		15,98 E		100		780				Female strobili (nr/ha)				2.42														2.42		0.88						2.42		0.88

		32				P. abies		Managed stand				Remningstorp, Sweden		58,45 N		13,66 E		133		500				Female strobili (nr/ha)				4.42														4.42		1.49						4.42		1.49

		33				P. abies		Managed stand				Snavlunda, Sweden		58,96 N		14,90 E		140		1050				Female strobili (nr/ha)				4.37														4.37		1.47						4.37		1.47

		34				P. abies		Managed stand				Malexander, Sweden		58,07 N		15,22 E		153		700				Female strobili (nr/ha)				4.03														4.03		1.39						4.03		1.39

		35				P. abies		Managed stand				Vasteras, Sweden		59,58 N		16,63 E		6		380				Female strobili (nr/ha)				2.58														2.58		0.95						2.58		0.95

		36				P. abies		Managed stand				Roskar, Sweden		59,42 N		18,17 E		15		340				Female strobili (nr/ha)				5.15														5.15		1.64						5.15		1.64

		37				P. abies		Managed stand				Karsta, Sweden		59,66 N		18,23 E		20		780				Female strobili (nr/ha)				1.64														1.64		0.49						1.64		0.49

		38				P. abies		Managed stand				Styckebruk		59,25 N		17,10 E		20		640				Female strobili (nr/ha)				2.18														2.18		0.78						2.18		0.78

		39				P. abies		Managed stand				Amal, Sweden		59,05 N		12,70 E		60		360				Female strobili (nr/ha)				3.61														3.61		1.28						3.61		1.28

		40				P. abies		Managed stand				Strangstorp, Sweden		59,05 N		16,22 E		62		640				Female strobili (nr/ha)				3.73														3.73		1.32						3.73		1.32

		41				P. abies		Managed stand				Arvika, Sweden		59,66 N		12,58 E		73		740				Female strobili (nr/ha)				8.26														8.26		2.11						8.26		2.11

		41				P. abies		Managed stand				Skinnskatteberg, Sweden		59,83 N		15,68 E		113		540				Female strobili (nr/ha)				3.36														3.36		1.21						3.36		1.21

		43				P. abies		Managed stand				Filipstad, Sweden		59,72 N		14,02 E		141		850				Female strobili (nr/ha)				3.97														3.97		1.38						3.97		1.38

		13				P. abies		Managed stand		Mature???		Simlangsladen, Sweden		56,71 N		13,13 E		75		530				Female strobili (nr/ha)				1.21		Average in abundant flowering year (1974)												1.21		0.19						1.21		0.19

		14				P. abies		Managed stand				Osby, Sweden		56,36 N		13,95 E		83		780				Female strobili (nr/ha)				1.72														1.72		0.54						1.72		0.54

		15				P. abies		Managed stand				Rorsbo, Sweden		56,60 N		15,52 E		140		540				Female strobili (nr/ha)				1.33														1.33		0.29						1.33		0.29

		16				P. abies		Managed stand				Ljungby, Sweden		56,83 N		13,92 E		155		860				Female strobili (nr/ha)				2.13														2.13		0.76						2.13		0.76

		17				P. abies		Managed stand				Hemse, Sweden		57,23 N		18,38 E		25		560				Female strobili (nr/ha)				2.28														2.28		0.82						2.28		0.82

		19				P. abies		Managed stand				Sandbackshult, Sweden		57,00 N		16,30 E		37		730				Female strobili (nr/ha)				5.13														5.13		1.64						5.13		1.64

		19				P. abies		Managed stand				Buttle, Sweden		57,40 N		18,50 E		45		610				Female strobili (nr/ha)				4.12														4.12		1.42						4.12		1.42

		20				P. abies		Managed stand				Bollebygd, Sweden		57,66 N		12,56 E		75		480				Female strobili (nr/ha)				1.71														1.71		0.54						1.71		0.54

		21				P. abies		Managed stand				Malilla, Sweden		57,40 N		12,83 E		100		440				Female strobili (nr/ha)				2.99														2.99		1.10						2.99		1.10

		22				P. abies		Managed stand				Fagered, Sweden		57,20 N		12,82 E		110		740				Female strobili (nr/ha)				1.66														1.66		0.51						1.66		0.51

		23				P. abies		Managed stand				Allgunnen, Sweden		57,06 N		15,30 E		115		800				Female strobili (nr/ha)				2.65														2.65		0.97						2.65		0.97

		24				P. abies		Managed stand				Vimmerby, Sweden		57,66 N		15,85 E		135		460				Female strobili (nr/ha)				1.74														1.74		0.55						1.74		0.55

		25				P. abies		Managed stand				Segerstad, Sweden		57,15 N		13,57 E		170		640				Female strobili (nr/ha)				1.51														1.51		0.41						1.51		0.41

		26				P. abies		Managed stand				Navelsjo, Sweden		57,40 N		14,88 E		214		760				Female strobili (nr/ha)				1.73														1.73		0.55						1.73		0.55

		27				P. abies		Managed stand				Ulricehamn, Sweden		57,78 N		13,43 E		290		910				Female strobili (nr/ha)				1.63														1.63		0.49						1.63		0.49

		28				P. abies		Managed stand				Prastkulla, Sweden		57,73 N		14,98 E		300		620				Female strobili (nr/ha)				2.34														2.34		0.85						2.34		0.85

		29				P. abies		Managed stand				Alvhem, Sweden		58,02 N		12,15 E		5		560				Female strobili (nr/ha)				2.06														2.06		0.72						2.06		0.72

		30				P. abies		Managed stand				Svarteborg, Sweden		58,56 N		11,55 E		70		720				Female strobili (nr/ha)				1.97														1.97		0.68						1.97		0.68

		31				P. abies		Managed stand				Atvidaberg, Sweden		58,20 N		15,98 E		100		780				Female strobili (nr/ha)				1.61														1.61		0.48						1.61		0.48

		32				P. abies		Managed stand				Remningstorp, Sweden		58,45 N		13,66 E		133		500				Female strobili (nr/ha)				1.44														1.44		0.36						1.44		0.36

		33				P. abies		Managed stand				Snavlunda, Sweden		58,96 N		14,90 E		140		1050				Female strobili (nr/ha)				2.47														2.47		0.90						2.47		0.90

		34				P. abies		Managed stand				Malexander, Sweden		58,07 N		15,22 E		153		700				Female strobili (nr/ha)				2.48														2.48		0.91						2.48		0.91

		35				P. abies		Managed stand				Vasteras, Sweden		59,58 N		16,63 E		6		380				Female strobili (nr/ha)				1.58														1.58		0.46						1.58		0.46

		36				P. abies		Managed stand				Roskar, Sweden		59,42 N		18,17 E		15		340				Female strobili (nr/ha)				2.94														2.94		1.08						2.94		1.08

		37				P. abies		Managed stand				Karsta, Sweden		59,66 N		18,23 E		20		780				Female strobili (nr/ha)				2.09														2.09		0.74						2.09		0.74

		38				P. abies		Managed stand				Styckebruk		59,25 N		17,10 E		20		640				Female strobili (nr/ha)				1.42														1.42		0.35						1.42		0.35

		39				P. abies		Managed stand				Amal, Sweden		59,05 N		12,70 E		60		360				Female strobili (nr/ha)				1.67														1.67		0.51						1.67		0.51

		40				P. abies		Managed stand				Strangstorp, Sweden		59,05 N		16,22 E		62		640				Female strobili (nr/ha)				2.15														2.15		0.77						2.15		0.77

		41				P. abies		Managed stand				Arvika, Sweden		59,66 N		12,58 E		73		740				Female strobili (nr/ha)				2.55														2.55		0.94						2.55		0.94

		41				P. abies		Managed stand				Skinnskatteberg, Sweden		59,83 N		15,68 E		113		540				Female strobili (nr/ha)				2.28														2.28		0.82						2.28		0.82

		43				P. abies		Managed stand				Filipstad, Sweden		59,72 N		14,02 E		141		850				Female strobili (nr/ha)				1.86														1.86		0.62						1.86		0.62

		13				P. abies		Managed stand		Mature???		Simlangsladen, Sweden		56,71 N		13,13 E		75		530				Female strobili (nr/ha)				29.41		Average in poor flowering year (1975)												29.41		3.38						29.41		3.38

		14				P. abies		Managed stand				Osby, Sweden		56,36 N		13,95 E		83		780				Female strobili (nr/ha)				0.00

		15				P. abies		Managed stand				Rorsbo, Sweden		56,60 N		15,52 E		140		540				Female strobili (nr/ha)				2.87														2.87		1.05						2.87		1.05

		16				P. abies		Managed stand				Ljungby, Sweden		56,83 N		13,92 E		155		860				Female strobili (nr/ha)				5.99														5.99		1.79						5.99		1.79

		17				P. abies		Managed stand				Hemse, Sweden		57,23 N		18,38 E		25		560				Female strobili (nr/ha)				0.00

		19				P. abies		Managed stand				Sandbackshult, Sweden		57,00 N		16,30 E		37		730				Female strobili (nr/ha)				1.37														1.37		0.31						1.37		0.31

		19				P. abies		Managed stand				Buttle, Sweden		57,40 N		18,50 E		45		610				Female strobili (nr/ha)				15.38														15.38		2.73						15.38		2.73

		20				P. abies		Managed stand				Bollebygd, Sweden		57,66 N		12,56 E		75		480				Female strobili (nr/ha)				9.43														9.43		2.24						9.43		2.24

		21				P. abies		Managed stand				Malilla, Sweden		57,40 N		12,83 E		100		440				Female strobili (nr/ha)				4.18														4.18		1.43						4.18		1.43

		22				P. abies		Managed stand				Fagered, Sweden		57,20 N		12,82 E		110		740				Female strobili (nr/ha)				0.00

		23				P. abies		Managed stand				Allgunnen, Sweden		57,06 N		15,30 E		115		800				Female strobili (nr/ha)				2.76														2.76		1.02						2.76		1.02

		24				P. abies		Managed stand				Vimmerby, Sweden		57,66 N		15,85 E		135		460				Female strobili (nr/ha)				5.99														5.99		1.79						5.99		1.79

		25				P. abies		Managed stand				Segerstad, Sweden		57,15 N		13,57 E		170		640				Female strobili (nr/ha)				0.00

		26				P. abies		Managed stand				Navelsjo, Sweden		57,40 N		14,88 E		214		760				Female strobili (nr/ha)				0.00

		27				P. abies		Managed stand				Ulricehamn, Sweden		57,78 N		13,43 E		290		910				Female strobili (nr/ha)				11.36														11.36		2.43						11.36		2.43

		28				P. abies		Managed stand				Prastkulla, Sweden		57,73 N		14,98 E		300		620				Female strobili (nr/ha)				27.78														27.78		3.32						27.78		3.32

		29				P. abies		Managed stand				Alvhem, Sweden		58,02 N		12,15 E		5		560				Female strobili (nr/ha)				5.47														5.47		1.70						5.47		1.70

		30				P. abies		Managed stand				Svarteborg, Sweden		58,56 N		11,55 E		70		720				Female strobili (nr/ha)				5.59														5.59		1.72						5.59		1.72

		31				P. abies		Managed stand				Atvidaberg, Sweden		58,20 N		15,98 E		100		780				Female strobili (nr/ha)				16.67														16.67		2.81						16.67		2.81

		32				P. abies		Managed stand				Remningstorp, Sweden		58,45 N		13,66 E		133		500				Female strobili (nr/ha)				8.06														8.06		2.09						8.06		2.09

		33				P. abies		Managed stand				Snavlunda, Sweden		58,96 N		14,90 E		140		1050				Female strobili (nr/ha)				7.52														7.52		2.02						7.52		2.02

		34				P. abies		Managed stand				Malexander, Sweden		58,07 N		15,22 E		153		700				Female strobili (nr/ha)				33.33														33.33		3.51						33.33		3.51

		35				P. abies		Managed stand				Vasteras, Sweden		59,58 N		16,63 E		6		380				Female strobili (nr/ha)				8.70														8.70		2.16						8.70		2.16

		36				P. abies		Managed stand				Roskar, Sweden		59,42 N		18,17 E		15		340				Female strobili (nr/ha)				1.18														1.18		0.17						1.18		0.17

		37				P. abies		Managed stand				Karsta, Sweden		59,66 N		18,23 E		20		780				Female strobili (nr/ha)				20.41														20.41		3.02						20.41		3.02

		38				P. abies		Managed stand				Styckebruk		59,25 N		17,10 E		20		640				Female strobili (nr/ha)				10.64														10.64		2.36						10.64		2.36

		39				P. abies		Managed stand				Amal, Sweden		59,05 N		12,70 E		60		360				Female strobili (nr/ha)				4.76														4.76		1.56						4.76		1.56

		40				P. abies		Managed stand				Strangstorp, Sweden		59,05 N		16,22 E		62		640				Female strobili (nr/ha)				32.26														32.26		3.47						32.26		3.47

		41				P. abies		Managed stand				Arvika, Sweden		59,66 N		12,58 E		73		740				Female strobili (nr/ha)				6.71														6.71		1.90						6.71		1.90

		41				P. abies		Managed stand				Skinnskatteberg, Sweden		59,83 N		15,68 E		113		540				Female strobili (nr/ha)				11.11														11.11		2.41						11.11		2.41

		43				P. abies		Managed stand				Filipstad, Sweden		59,72 N		14,02 E		141		850				Female strobili (nr/ha)				41.67														41.67		3.73						41.67		3.73

						P. abies		31 managed stands		Adult??														Female strobili (nr/ha)				2.14 (0.82)		Average in abundant flowering year (1974)		Lindgren and Lindgren (1976)

						P. abies		32 managed stands		Adult??														Female strobili (nr/ha)				5.33 (5.37)		Average in moderate flowering year (1973)

						P. abies		33 managed stands		Adult??														Female strobili (nr/ha)				10.66 (11.28)		Average in poor flowering year (1975)

		44		4		Abies balsam		Managed stand		Adult		Long Harbour, Newfoundland, Canada								80				Cone crop (nr/fertile tree)		47		1.22				Didhu and Staniforth (1986)										1.22		0.20						1.22		0.20

		45		5		P. mariana		Managed stand		Adult		Long Harbour, Newfoundland, Canada								82				Cone crop (nr/fertile tree)		57		1.32														1.32		0.28						1.32		0.28

		46		6		Larix lariciana		Managed stand		Adult		Long Harbour, Newfoundland, Canada								28				Cone crop (nr/fertile tree)		8		1.01														1.01		0.01						1.01		0.01

		47		7		Pinus sylvestris		Managed stand		Juvenile										25		1987		Pollen production (gr/tree)		124		2.48		One year observation		Karkkainenen(1990)										2.48		0.91														2.48		0.91

						P. sylvestris		Managed stand		Juvenile										25		1988		Seed crop		148		3.10														3.10		1.13						3.10		1.13

						P. sylvestris		Managed stand		Juvenile										25		1988		Pollen production (gr/tree)		140		2.88														2.88		1.06														2.88		1.06

																												2.05

		48		7		P. sylvestris		Natural stand		Mature		Yllas, Finland		67,57 N		24,18 E		400		44		1972		Seed crop		16		1.02		Abundant flowering year		Harju et al (1996)										1.02		0.02						1.02		0.02

						P. sylvestris		Natural stand		Mature		Yllas, Finland		67,57 N		24,18 E		400		40		1991		Seed crop		200		4.90		Poor flowering year												4.90		1.59						4.90		1.59

		49		7		P. sylvestris		Managed stand		Intermediate		Ruotsinkyla, Finland		60,25 N		25,83 E				297		50		Seed crop (nr/tree)		47		1.22		One year observation		Heikinheimo (1932)										1.22		0.20						1.22		0.20

		50				P. sylvestris		Managed stand		Intermediate		Ruotsinkyla, Finland		60,25 N		25,83 E				167		55		Seed crop (nr/tree)		98		1.95														1.95		0.67						1.95		0.67

		51				P. sylvestris		Managed stand		Intermediate		Ruotsinkyla, Finland		60,25 N		25,83 E				76		55		Seed crop (nr/tree)		77		1.59														1.59		0.46						1.59		0.46

		52				P. sylvestris		Managed stand		Intermediate		Punkaharju, Finland		61,80 N		29,30 E				52		75		Seed crop (nr/tree)		4		1.00														1.00		0.00						1.00		0.00

		53				P. sylvestris		Managed stand		Intermediate		Vesijako, Finland		61,80 N		25,00 E				292		80		Seed crop (nr/tree)		94		1.88														1.88		0.63						1.88		0.63

		54				P. sylvestris		Managed stand		Intermediate		Kivalo, Finland		66,33 N		27,17 E				140		80		Seed crop (nr/tree)		41		1.17														1.17		0.15						1.17		0.15

		55				P. sylvestris		Managed stand		Intermediate		Pohjankangas, Finland		62,00 N		22,25 E				104		90		Seed crop (nr/tree)		65		1.42														1.42		0.35						1.42		0.35

		56				P. sylvestris		Managed stand		Intermediate		Ruotsinkyla, Finland		60,25 N		25,83 E				174		95		Seed crop (nr/tree)		58		1.58														1.58		0.46						1.58		0.46

		57				P. sylvestris		Managed stand		Intermediate		Ruotsinkyla, Finland		60,25 N		25,83 E				5		95		Seed crop (nr/tree)		23		1.04														1.04		0.04						1.04		0.04

		58				P. sylvestris		Managed stand		Mature		Ruotsinkyla, Finland		60,25 N		25,83 E				394		100		Seed crop (nr/tree)		106		2.11														2.11		0.75						2.11		0.75

		59				P. sylvestris		Managed stand		Mature		Vesijako, Finland		61,50 N		25,00 E				95		110		Seed crop (nr/tree)		113		2.27														2.27		0.82						2.27		0.82

		60				P. sylvestris		Managed stand		Mature		Vesijako, Finland		61,50 N		25,00 E				66		110		Seed crop (nr/tree)		32		1.10														1.10		0.10						1.10		0.10

		61				P. sylvestris		Managed stand		Mature		Ruotsinkyla, Finland		60,25 N		25,83 E				22		110		Seed crop (nr/tree)		2		1.00														1.00		0.00						1.00		0.00

		62				P. sylvestris		Managed stand		Mature		Punkaharju, Finland		61,80 N		29,30 E				219		105-150		Seed crop (nr/tree)		53		1.28														1.28		0.25						1.28		0.25

		63				P. sylvestris		Managed stand		Mature		Vesijako, Finland		61,50 N		25,00 E				402		130		Seed crop (nr/tree)		49		1.24														1.24		0.21						1.24		0.21

		64		7		P. sylvestris		Managed stand		Mature		Finland								15				Female strobili (nr/tree)		38		1.13				Malmivaara (1971)										1.13		0.13						1.13		0.13

		65				P. sylvestris		Managed stand		Mature		Finland								99				Female strobili (nr/tree)		138		2.89														2.89		1.06						2.89		1.06

		66		8		Pinus resinosa		Managed stand												28		18		Female strobili (nr/tree)		74		1.53				Stiell (1988)										1.53		0.42						1.53		0.42

		67				P. resiinosa		Managed stand												28		32		Female strobili (nr/tree)		60		1.35														1.35		0.30						1.35		0.30

		68		9		Pinus densiflora						Kwanak, Korea		37.43N		126.97E		300		21				Filled seed (nr/cone)		99		1.94				Kang (1999)										1.94		0.66						1.94		0.66

		69		9		P. densiflora						Dobong, Korea		37.28N		127.75E		100		16				Filled seed (nr/cone)		107		2.07														2.07		0.73						2.07		0.73

		70		9		P. densiflora						Hongneung, Korea		37.58N		127.05E		70		31				Filled seed (nr/cone)		61		1.36														1.36		0.31						1.36		0.31

		71		10		P. caribaea var. hondurensis		Plantation				Ibadan, Nigeria		7.43N				227		11		17		Cone crop (nr/tree)		125		2.42				Okoro and Okali (1987)										2.42		0.88						2.42		0.88

		72		10		P. caribaea var. hondurensis		Plantation				Ngow, Nigeria		7.43N				393		11		11		Cone crop (nr/tree)		75		1.51														1.51		0.41						1.51		0.41

		73		10		P. caribaea var. hondurensis		Plantation				Ikom, Nigeria		4.98N				119		12		5		Cone crop (nr/tree)		67		1.41														1.41		0.34						1.41		0.34

		74		11		Pseudotsuga menziesii		half sib family stand				British Columbia, Canada		48.35N		123.24W		50		642		18		Seed cone (nr/tree)		153		3.34		half sib family stand		El-Kassaby et al., (1989)										3.34		1.21						3.34		1.21

																				642		19		Seed cone (nr/tree)		237		6.61														6.61		1.89						6.61		1.89

																				640		20		Seed cone (nr/tree)		149		3.22														3.22		1.17						3.22		1.17

																				637		21		Seed cone (nr/tree)		124		2.54														2.54		0.93						2.54		0.93

																				612		22		Seed cone (nr/tree)		152		3.31														3.31		1.20						3.31		1.20

																				593		23		Seed cone (nr/tree)		315		10.91														10.91		2.39						10.91		2.39

																				583		24		Seed cone (nr/tree)		222		5.92														5.92		1.78						5.92		1.78

																				581		25		Seed cone (nr/tree)		61		1.37														1.37		0.32						1.37		0.32

						Broad leaves

		1		1		Acacia farnesiana		Natural stand highly disturbed		Mature		Canas, Costa Rica								10				Fruit crop (gr/tree)		112		2.13		One year observation		Rockwood (1973)										2.13		0.76						2.13		0.76

		2		2		Bauhinia ungulata		Natural stand highly disturbed		Mature		Canas, Costa Rica								10				Fruit crop (gr/tree)		72		1.47														1.47		0.38						1.47		0.38

		3		3		Cochlospermum vitifolium		Natural stand highly disturbed		Mature		Canas, Costa Rica								10				Fruit crop (gr/tree)		110		2.09														2.09		0.74						2.09		0.74

		4		4		Grilicidia sepium		Natural stand highly disturbed		Mature		Canas, Costa Rica								10				Fruit crop (gr/tree)		129		2.50														2.50		0.92						2.50		0.92

		5		5		Spondias purpurea		Natural stand highly disturbed		Mature		Canas, Costa Rica								9				Fruit crop (gr/tree)		204		4.70														4.70		1.55						4.70		1.55

		6		6		Crescentia alata		Natural stand highly disturbed		Mature		Canas, Costa Rica								8				Fruit crop (gr/tree)		86		1.65														1.65		0.50						1.65		0.50

		7		7		Milletia stuhlmannii		Natural stand highly disturbed		Mature		Inhassoro, Mozambique		21,56 S		35,17 E		70		50				Seed crop (nr/tree)		71		1.49		One year observation		Bila & Lindgren (1998)										1.49		0.40						1.49		0.40

		8		8		Brachystegia boemii		Natural stand highly disturbed		Mature		Inhassoro, Mozambique		21,56 S		35,17 E		70		50				Seed crop (nr/tree)		93		1.85														1.85		0.61						1.85		0.61

		9		9		Brachystegia spiciformis		Natural stand highly disturbed		Mature		Inhassoro, Mozambique		21,56 S		35,17 E		70		50				Seed crop (nr/tree)		117		2.34														2.34		0.85						2.34		0.85

		10		4		Gliricidia sepium		Managed stand		Juvenile		Ibadan, Nigeria		7,50 N		3,90 E				20		2		Seed crop (gr/tree)		93		1.82		One year observation		Sumberg (1983)										1.82		0.60						1.82		0.60

		11		10		Leucaena diversifolia		Managed stand		Juvenile		Machako, Kenia		1,55 S		37,13 E		1660		20		2		Seed crop (gr/tree)		91		1.79		One year observation		Were et al (1998)										1.79		0.58						1.79		0.58

		12		11		Leucaena pallida		Managed stand		Juvenile		Machako, Kenia		1,55 S		37,13 E		1660		20		2		Seed crop (gr/tree)		207		5.07														5.07		1.62						5.07		1.62

		13		11		Leucaena pallida		Managed stand		Juvenile		Muguga, Kenia		1,23 S		36,63 E		2150		20		2		Seed crop (gr/tree)		286		8.77														8.77		2.17						8.77		2.17

		14		12		Leucaena trichandra		Managed stand		Juvenile		Machako, Kenia		1,55 S		37,13 E		1660		20		2		Seed crop (gr/tree)		33		1.10														1.10		0.10						1.10		0.10

		15		12		Leucaena trichandra		Managed stand		Juvenile		Muguga, Kenia		1,23 S		36,63 E		2150		20		2		Seed crop (gr/tree)		46		1.20														1.20		0.18						1.20		0.18

		16		13		Leucaena leucocephala		Managed stand		Intermediate		Maputo, Mozambique		25,73 S		34,68 E		25		45		0.5		Seed crop (nr/tree)		129		2.63		Six months shooting		Bila & Lindgren (1998)										2.63		0.97						2.63		0.97

		17		7		Milletia stuhlmannii		Managed stand		Mature		Maputo, Mozambique		25,73 S		34,68 E		25		100		60		Seed crop (nr/tree)		74		1.54														1.54		0.43						1.54		0.43

		18		14		Tectona grandis		Managed stand		Mature		Namaacha, Mozambique		25,98 S		32,02 E		520		154		65		Fruit crop (nr/tree)		113		2.27		One year observation		Bila et al (1998)										2.27		0.82						2.27		0.82

																				154		65		Stamens (nr/tree)		113		2.28														2.28		0.82														2.28		0.82

																												1.65

		19		15		Hybantus prunifolius		Natural stand		Mature		Borro Colorado Island Panama								20				Seed crop (nr/tree)		91		1.78				Augspurger (1983)										1.78		0.58						1.78		0.58

		20		16		Turnera panamensis		Natural stand		Mature		Borro Colorado Island Panama								20				Seed crop (nr/tree)		76		1.55														1.55		0.44						1.55		0.44

		21		17		Rinorea sylvatica		Natural stand		Mature		Borro Colorado Island Panama								20				Seed crop (nr/tree)		85		1.69														1.69		0.52						1.69		0.52

		22		18		Psychotria horizontalis		Natural stand		Mature		Borro Colorado Island Panama								20				Seed crop (nr/tree)		128		2.56														2.56		0.94						2.56		0.94

		23		19		Erythrina costaricensis		Natural stand		Mature		Borro Colorado Island Panama								20				Seed crop (nr/tree)		83		1.65														1.65		0.50						1.65		0.50

		25		20		Pentagoniamacrophylla		Natural stand		Mature		Borro Colorado Island Panama								20				Seed crop (nr/tree)		78		1.57														1.57		0.45						1.57		0.45

																																						Total (female and  male fertility)								Female fertility								Male fertility

																																						Number of species		Number of stands		Aritmetic mean		Geometric mean		Number of species		Number of stands		Aritmetic mean		Geometric mean		Number of species		Number of stands		Aritmetic mean		Geometric mean

																																												1.03								1.06								0.47

																																				Conifers		11		74		4.66		2.81		11		74		4.79		2.88		3		5		1.73		1.60

																																				Amplitude of variaton						1   to   41.70								1   to   41.70								1 .07  to  2.88

																																				Stdev						6.71								6.82								0.77

																																				Max						41.67								41.67								2.88

																																				Min						1.00								1.00								1.07

																																												0.74								0.73

																																				Hardwoods		20		25		2.38		2.09		20		25		2.38		2.08		1		1		2.28

																																				Amplitude of variaton						1.10   to  8.77								1.10   to  8.77

																																				Stdev						1.62								1.66

																																				Max						8.77								8.77

																																				Min						1.10								1.10

																																												0.99								1.01								0.52

																																				Conifers + hardwoods		31		99		4.33		2.69		31		99		4.43		2.75		4		6		1.81		1.68

																																				Amplitude of variaton						1   to   41.70								1   to   41.70								1 .07  to  2.88

																																				Stdev						6.28								6.39								0.73

																																				Max						41.67								41.67								2.88

																																				Min						1.00								1.00								1.07



Kyu-Suk Kang:
What are the criteria to classify these stages?



Appendix 2

				APPENDIX 2																																				Total female & male fertility								Female fertility								Male fertility

				Seed orchards

		Specie		SO		species		Development		Location		Latitude		Longitude		Altitude		Size		Avg. age		Traits		C.V.		A		Reference		Remarks										A		A						A		A						A		A

		number		Number				stage								(m)		(N)		(yrs)				(%)		Average (SD)														Average (SD)		Geometric mean						Average (SD)		Geometric mean						Average (SD)		Geometric mean

						Conifers

		1		1		Picea abies		Juvenile		Roskar, Sweden		59.50N		18.40E				20		11		Female strobili (nr/tree)		99		1.93		Eriksson et al., 1973												1.93		0.66						1.93		0.66

																						Male strobili (nr/tree)		115		2.26														2.26		0.82														2.26		0.82

																						Total				1.58

				2		P. abies		Intermediate?		Denmark		55.60N		11.50E				24		28		Total female & male strobili (nr/tree)				1.85		Kjaer, 1996		Poor flowering year (estimated from Ne)										1.85		0.62

																				29		Total female & male strobili (nr/tree)				1.69				Abundant flowering year										1.69		0.52

																				31		Total female & male strobili (nr/tree)				1.36				Intermediate flowering year										1.36		0.31

				2		P. abies		Juvenile		Denmark		55.60N		11.50E				100		10		seeds yield(kg/clone)		65		1.42		Kjaer & Wellendorf, 1997												1.42		0.35						1.42		0.35

				3		P. abies		Juvenile		Jung, Sweden		58.20N		13.08E		70		40		6		Female strobili (nr/ha)		127		2.62		Lindgren & Lindgren, 1976		Moderate flowering year										2.62		0.96						2.62		0.96

																						Male strobili (nr/ha)		73		1.53														1.53		0.42														1.53		0.42

																						Total				1.55

																				10		Female strobili (nr/ha)		335		12.20				Poor flowering year										12.20		2.50						12.20		2.50

																						Male strobili (nr/ha)		182		4.31														4.31		1.46														4.31		1.46

																						Total				4.72

																				11		Female strobili (nr/ha)		314		10.87														10.87		2.39						10.87		2.39

																						Male strobili (nr/ha)		177		4.15														4.15		1.42														4.15		1.42

																						Total				4.34

																				12		Female strobili (nr/ha)		88		1.78				Good flowering year										1.78		0.58						1.78		0.58

																						Male strobili (nr/ha)		67		1.44														1.44		0.37														1.44		0.37

																						Total				1.31

																				13		Female strobili (nr/ha)		119		2.42														2.42		0.88						2.42		0.88

																						Male strobili (nr/ha)		81		1.66														1.66		0.50														1.66		0.50

																						Total				1.53

		2		4		Picea glauca		Juvenile		Ontario, Canada		44.15N		79.50W				12		12		Seeds		49		1.24		Denti & Schoen, 1988												1.24		0.21						1.24		0.21

																						Male strobili		151		3.29														3.29		1.19														3.29		1.19

																						Total				1.69

				4		P. glauca		Juvenile		Ontario, Canada		44.15N		79.50W				33		11		Female strobili (nr/ramet)		83		1.67		Schoen, Denti & Stewart, 1986												1.67		0.51						1.67		0.51

																						Male strobili(nr/ramet)		128		2.59														2.59		0.95														2.59		0.95

																						Total				1.58

																				12		Female strobili (nr/ramet)		166		3.68														3.68		1.30						3.68		1.30

																						Male strobili(nr/ramet)		173		3.90														3.90		1.36														3.90		1.36

																						Total				2.44

				5		P. glauca		Juvenile		Wisconsin, U.S.A.		45.50N		90.50W				12		6		Seed cone (nr/ramet)		64		1.41		Nienstaedt & Jeffers, 1970												1.41		0.35						1.41		0.35

																				9		Seed cone (nr/ramet)		45		1.20														1.20		0.18						1.20		0.18

				6		P. glauca				Central Plateau, BC, Canada		50.78N		119.40W		510		15		9		Seed cone (nr/graft)		78		1.57		Ross (1992)		Goof flowering clones										1.57		0.45						1.57		0.45

																						Polen cone (nr/graft)		115		2.23														2.23		0.80														2.23		0.80

																										1.46

																		15		9		Seed cone (nr/graft)		156		3.27				Poor flowering clones										3.27		1.19						3.27		1.19

																						Polen cone (nr/graft)		168		3.63														3.63		1.29														3.63		1.29

																										2.26

				7		P. glauca				Bulkley Valley, BC, Canada		50.78N		119.40W		350		15		8		Seed cone (nr/graft)		92		1.79		Ross (1992)		Goof flowering clones										1.79		0.58						1.79		0.58

																						Polen cone (nr/graft)		78		1.57														1.57		0.45														1.57		0.45

																										1.35

																		15		8		Seed cone (nr/graft)		136		2.73				Poor flowering clones										2.73		1.00						2.73		1.00

																						Polen cone (nr/graft)		117		2.28														2.28		0.82														2.28		0.82

																										1.77

		3		8		Picea sitchensis		Intermediate?		British Columbia, Canada		48.35N		123.24W				22		17		Seed cone (nr/clone)		111		2.22		Chaisurisri & El-kassaby, 1993												2.22		0.80						2.22		0.80

																				19		Seed cone (nr/clone)		65		1.43														1.43		0.36						1.43		0.36

		4		9		Picea mariana		Juvenile		Ontario, Canada		48.32N		89.8W				12		13		Female strobili (nr/ramet)		57		1.30		O'Reilly et al., 1982												1.30		0.26						1.30		0.26

																						Male strobili(nr/ramet)		120		2.32														2.32		0.84														2.32		0.84

																						Total				1.44

		5		10		Pinus contorta		Juvenile		Sundsvall, Sweden		62.30N		17.30E		10		40		13		Female strobili(nr/graft)		56		1.31		Yazdani & Fries, 1989												1.31		0.27						1.31		0.27

																						Pollen production(g/graft)		89		1.79														1.79		0.58														1.79		0.58

																						Total				1.28

				10				Juvenile		Sundsvall, Sweden		62.30N		17.30E		10		20		12		Female strobili (nr/graft)		177		3.97		Fries, 1994		Unpruned grafts										3.97		1.38						3.97		1.38

																						Male strobili (nr/graft)		50		1.24														1.24		0.21														1.24		0.21

																						Total				1.84

																				13		Female strobili (nr/graft)		108		2.11														2.11		0.75						2.11		0.75

																						Male strobili (nr/graft)		33		1.10														1.10		0.10														1.10		0.10

																						Total				1.32

																				14		Female strobili (nr/graft)		111		2.16														2.16		0.77						2.16		0.77

																						Male strobili (nr/graft)		77		1.57														1.57		0.45														1.57		0.45

																						Total				1.45

																				18		Female strobili (nr/graft)		57		1.31														1.31		0.27						1.31		0.27

																				19		Seed cone (nr/graft)		49		1.22														1.22		0.20						1.22		0.20

		6		11		Pinus densiflora		Intermediate		Anmyun, Korea		36.3N		126.2E		35		99		20		Female strobili (nr/clone)		94		1.87		Kang & Lindgren, 1998												1.87		0.63						1.87		0.63

																						Male strobili (nr/clone)		64		1.41														1.41		0.34														1.41		0.34

																						Total				1.32

		7		12		Pinus thunbergii		Intermediate		Anmyun, Korea		36.3N		126.2E		35		60		18		Female strobili (nr/clone)		36		1.13		Kang & Lindgren, 1998												1.13		0.12						1.13		0.12

																						Male strobili (nr/clone)		57		1.32														1.32		0.28														1.32		0.28

																						Total				1.11

		8		13		Pinus koraiensis		Juvenile		Gomae, Korea		37.7N		127.2E		100		180		8		Female strobili (nr/clone)		146		3.13		Kang & Lindgren, 1999												3.13		1.14						3.13		1.14

																						Male strobili (nr/clone)		367		14.47														14.47		2.67														14.47		2.67

																						Total				4.92

																				9		Female strobili (nr/clone)		123		2.51														2.51		0.92						2.51		0.92

																						Male strobili (nr/clone)		333		12.09														12.09		2.49														12.09		2.49

																						Total				4.17

																				10		Female strobili (nr/clone)		117		2.37														2.37		0.86						2.37		0.86

																						Male strobili (nr/clone)		278		8.73														8.73		2.17														8.73		2.17

																						Total				3.29

																				11		Female strobili (nr/clone)		89		1.79														1.79		0.58						1.79		0.58

																						Male strobili (nr/clone)		249		7.20														7.20		1.97														7.20		1.97

																						Total				2.76

																				12		Female strobili (nr/clone)		113		2.28														2.28		0.82						2.28		0.82

																						Male strobili (nr/clone)		377		15.21														15.21		2.72														15.21		2.72

																						Total				4.89

		9		14		Pinus nigra		Juvenile		Guadalajara, Spain		41.61N		3.15E		685		30		3		Female strobili (nr/ramet)		132		2.68		Climent et al (1997)		Heteroplastic grafts										2.68		0.99						2.68		0.99

																				4		Female strobili (nr/ramet)		70		1.47														1.47		0.39						1.47		0.39

																				5		Female strobili (nr/ramet)		129		2.61														2.61		0.96						2.61		0.96

																				6		Female strobili (nr/ramet)		76		1.56														1.56		0.44						1.56		0.44

																				7		Female strobili (nr/ramet)		98		1.93														1.93		0.66						1.93		0.66

				15		Pinus nigra		Juvenile		Guadalajara, Spain		41.61N		3.15E		685		228		3		Female strobili (nr/ramet)		219		5.78		Climent et al (1997)		Homoplastic grafts										5.78		1.75						5.78		1.75

																				4		Female strobili (nr/ramet)		132		2.73														2.73		1.01						2.73		1.01

																				5		Female strobili (nr/ramet)		192		4.67														4.67		1.54						4.67		1.54

																				6		Female strobili (nr/ramet)		150		3.24														3.24		1.18						3.24		1.18

																				7		Female strobili (nr/ramet)		255		7.47														7.47		2.01						7.47		2.01

		10		16		Pinus radiata		Juvenile		Gippsland, Australia		37.50S		146.0E				30		8		Seeds yield(kg/clone)		77		1.59		Griffin, 1982												1.59		0.47						1.59		0.47

																						Male strobili (nr/clone)		50		1.25														1.25		0.22														1.25		0.22

																						Total				1.22

		11		17		Pinus sylvestris		Intermediate		Nebraska, USA		41.10N		96.25W		354		41		13		Seed cone (nr/clone)		123		2.47		Boes et al., 1991												2.47		0.91						2.47		0.91

																				14		Seed cone (nr/clone)		81		1.64														1.64		0.50						1.64		0.50

																				15		Seed cone (nr/clone)		77		1.58														1.58		0.46						1.58		0.46

				18		P.  sylvestris		Intermediate		Gniewkowo, Poland		53.10N		18.60E				32		18		Seed cone (nr/clone)		21		1.04		Burczyk & Chalupka, 1997												1.04		0.04						1.04		0.04

																						Pollen production (g/clone)		56		1.32														1.32		0.28														1.32		0.28

																						Total				1.09

				19		P.  sylvestris		Juvenile		Langtora, Sweden		59.43N		17.08E		15		36		12		female strobili		93		1.87		Jonsson et al., 1976												1.87		0.63						1.87		0.63

																						male strobili		72		1.53														1.53		0.42														1.53		0.42

																						Total				1.36

				20		P.  sylvestris		Mature		Viitaselka, Finland		62.15N		27.35E				24		31		Seeds		43		1.17		Karikkainen & Savolainen, 1992												1.17		0.16						1.17		0.16

																						Pollen production(g)		53		1.27														1.27		0.24														1.27		0.24

																						Total				1.11

				21		P.  sylvestris		Intermediate		Finland								25		21		Pollen production(g/clone)		67		1.43		Koski, 1981												1.43		0.36														1.43		0.36

																				22		Pollen production(g/clone)		61		1.36														1.36		0.31														1.36		0.31

										Finland								25		21		Pollen production(g/clone)		116		2.30														2.30		0.83														2.30		0.83

																				22		Pollen production(g/clone)		115		2.27														2.27		0.82														2.27		0.82

				22		P.  sylvestris		Mature		Viitaselka, Finland		62.15N		27.35E				25		31		Cone production		76		1.58		Muona & Harju, 1989; Savolainen et al., 1993												1.58		0.46						1.58		0.46

																						Pollen production		57		1.32														1.32		0.28														1.32		0.28

																						Total				1.24

				23		P.  sylvestris		Mature		Vihelminmaki, Finland		62.05N		25.15E				28		27		Cone production		103		2.06		Muona & Harju, 1989; Savolainen et al., 1993												2.06		0.72						2.06		0.72

																						Pollen production		136		2.85														2.85		1.05														2.85		1.05

																						Total				1.75

		12		24		Pinus taeda												14		7		Cones		106		2.12		Bergman, 1968												2.12		0.75						2.12		0.75

				25		P.  taeda		Juvenile		South Mississippi, USA		31.20N		89.70W				18		10		Female strobili (nr/ramet)		70		1.47		Schmidtling, 1983		Good cone year										1.47		0.38						1.47		0.38

																				11		Female strobili (nr/ramet)		127		2.53				Poor cone year										2.53		0.93						2.53		0.93

																				12		Seed cones (nr/ramet)		146		3.01														3.01		1.10						3.01		1.10

				26		Pinus nigra		Intermediate		Peloponnesos, Greece		40.20N		21.50E				52		11		Seed cone (nr/clone)		63		1.39		Matziris, 1993		Intermediate cone year										1.39		0.33						1.39		0.33

																				12		Seed cone (nr/clone)		80		1.64				Poor cone year										1.64		0.50						1.64		0.50

																				13		Seed cone (nr/clone)		53		1.29				Good cone year										1.29		0.25						1.29		0.25

		13		27		Pinus halepensis		Juvenile		Amphilochia, Greece		38.90N		21.20E				55		4		Female strobili (nr/clone)		65		1.42		Matziris, 1997		Commercial cone harvesting started 8 yrs old										1.42		0.35						1.42		0.35

																				5		Female strobili (nr/clone)		56		1.30														1.30		0.26						1.30		0.26

																				9		Seed cone (nr/clone)		42		1.17														1.17		0.16						1.17		0.16

																				10		Seed cone (nr/clone)		47		1.21														1.21		0.19						1.21		0.19

				27		P. halepensis		Juvenile		Amphilochia, Greece		38.90N		21.20E				60		8		Full seeds (nr/clone)		41		1.17		Matziris, 1998												1.17		0.15						1.17		0.15

																				9		Full seeds (nr/clone)		26		1.07														1.07		0.07						1.07		0.07

		14		28		Pseudotsuga menziesii		Juvenile		Washington, USA		46.90N		123.0W				21		13		Seeds (nr/clone)		27		1.07		Erickson & Adams, 1989		Good seed crop year										1.07		0.07						1.07		0.07

				29		Pseudotsuga menziesii				Saanichton, B.C. Canada								19				Filled seeds (nr/family)		55		1.29		El-Kassaby and Thomson (1994)												1.29		0.25						1.29		0.25

				30		Pseudotsuga menziesii				Pacif Forest, B.C. Canada		48.58N		123.40W				35		19		Filled seeds (nr/clone)		104		2.05		El-Kassaby and Cook (1994)												2.05		0.72						2.05		0.72

		15		31		Betula pendula		Juvenile		Punkaharju, Finland		61.49N		29.18E		90		10		3		Seed caktins (nr/tree)		128		2.63		Vilhera-Aarnio & Ryynanen, 1995		Seedling indoor  seed orchard										2.63		0.97						2.63		0.97

																						Male caktins (nr/tree)		288		9.32														9.32		2.23														9.32		2.23

																						Total				3.76

																				4		Seed caktins (nr/tree)		101		2.02				Seedling, abundant flowering year										2.02		0.70						2.02		0.70

																						Male caktins (nr/branch)		125		2.56														2.56		0.94														2.56		0.94

																						Total				1.72

				32		Betula pendula				Punkaharju, Finland								10		3		Seed caktins (nr/tree)		142		3.01		Vilhera-Aarnio & Ryynanen, 1995		Graft indoor seed orchard										3.01		1.10						3.01		1.10

																						Male caktins (nr/tree)		85		1.72														1.72		0.54														1.72		0.54

																						Total				1.76

																				4		Seed caktins (nr/tree)		75		1.56														1.56		0.45						1.56		0.45

																						Male caktins (nr/branch)		129		2.66														2.66		0.98														2.66		0.98

																						Total				1.62

				33		Betula pendula				Punkaharju, Finland								10		3		Seed caktins (nr/tree)		106		2.12		Vilhera-Aarnio & Ryynanen, 1995		Micropropagated plant indoo seed orchard										2.12		0.75						2.12		0.75

																						Male caktins (nr/tree)		98		1.97														1.97		0.68														1.97		0.68

																						Total				1.58

																				4		Seed caktins (nr/tree)		74		1.55														1.55		0.44						1.55		0.44

																						Male caktins (nr/branch)		121		2.46														2.46		0.90														2.46		0.90

																						Total				1.56

																																				Total (female and  male fertility)								Female fertility								Male fertility

																																				Number of species		Number of s.o.		Aritmetic mean		Geometric mean		Number of species		Number of s.o.		Aritmetic mean		Geometric mean		Number of species		Number of s.o.		Aritmetic mean		Geometric mean

																																										0.75								0.69								0.90

																																		Conifers		14		30		2.70		2.12		14		28		2.36		2.00		9		21		3.43		2.46

																																		Amplitude of variaton						1.04 to 15.21								1.04 to 12.20								1.10 to 15.21

																																		Stdev						2.67								1.97								3.67

																																		Max						15.21								12.20								15.21

																																		Min						1.04								1.04								1.10

																																										0.89								0.74								1.05

																																		Hardwoods		1		3		2.80		2.44		1		3		2.15		2.09		1		3		3.45		2.85

																																		Amplitude of variaton						1.55 to 9.32								1.55 to 3.01								1.72 to 9.32

																																		Stdev						2.11								0.58								2.90

																																		Max						9.32								3.01								9.32

																																		Min						1.55								1.55								1.72

																																										0.77								0.69								0.92

																																		Conifers + hardwoods		15		33		2.71		2.15		15		31		2.34		1.99		10		24		3.44		2.51

																																		Amplitude of variaton						1.04 to 15.21								1.04 to 12.20								1.10 to 15.21

																																		Stdev						2.61								1.89								3.54

																																		Max						15.21								12.20								15.21

																																		Min						1.04								1.04								1.10



Kyu-Suk Kang:
What are the criteria to classify these stages?



Tables

		Table 1. Average sibling coefficient (A) and standard deviation (SD), variation amplitude and geometric mean in stands (STD)

				N. of		N. of		A		Variation		Geometric

				species		stands		Average(SD)		amplitude		mean

		Female fertility

		Conifers		11		74		4.79 (6.82)		1.00 - 41.67		2.88

		Hardwoods		20		25		2.38 (1.66)		1.10 -  8.77		2.08

		Conifers and hardwoods		33		99		4.43 (6.39)		1.00 - 41.67		2.75

		Male fertility

		Conifers		3		5		1.73 (0.77)		1.07 -  2.88		1.60

		Hardwoods		1		1

		Conifers and hardwoods		4		6		1.81 (0.73)		1.07 -  2.88		1.68

		Total (Female and male)

		Conifers		11		74		4.66 (6.71)		1.00 - 41.67		2.81

		Hardwoods		20		25		2.38 (1.62)		1.10 -  8.77		2.09

		Conifers and hardwoods		33		99		4.33 (6.39)		1.00 - 41.67		2.69

		Table 2. Average sibling coefficient (A) and standard deviation (SD), variation amplitude and geometric mean in seed orchards

				N. of		N. of		A		Variation		Geometric

				species		seed orchards		Average(SD)		amplitude		mean

		Female fertility

		Conifers		14		30		2.36 (1.97)		1.04 - 12.20		2.00

		Hardwoods		1		3		2.15 (0.58)		3.01		2.09

		Conifers and hardwoods		15		33		2.34 (1.89)		1.04 - 12.20		1.99

		Male fertility

		Conifers		9		21		3.34 (3.67)		1.10 - 15.21		2.46

		Hardwoods		1		3		3.45 (2.90)		1.72 - 9.32		2.85

		Conifers and hardwoods		10		24		3.44 (3.54)		1.10 - 15.21		2.51

		Total (Female and male)

		Conifers		14		30		2.70 (2.67)		1.04 - 15.21		2.12

		Hardwoods		1		3		2.80 (2.11)		1.55 - 9.32		2.44

		Conifers and hardwoods		15		33		2.71 (2.61)		1.04 - 15.21		2.15





Chart 1&2

														Figure 1

		CV (%)		Parameter A		A

		amplitude		amplitude		frequency

		CV(%) 0 - 50		A 1.00 - 1.25		15

		50 - 100		1.25 - 2.00		30

		100 - 150		2.00 - 3.20		24

		150 - 200		3.20 - 5.00		9

		200 - 250		5.00 - 7.20		8

		250 - 300		7.20 - 9.90		5

		300 - 350		9.90 - 13.10		3

		350 - 400		13.10 - 16.80		1

		CV > 400		A > 16.80		5

														Figure 2

		CV (%)		A		N of seed orchards

		amplitude		amplitude		Female A frequency		Male A frequency

		CV(%)   0 - 50		A   1.00 - 1.25		15		7

		50 - 100		1.25 - 2.00		43		39

		100 - 150		2.00 - 3.20		30		27

		150 - 200		3.20 - 5.00		7		12

		200 - 250		5.00 - 7.20		1		3

		250 - 300		7.20 - 9.90		1		5

		300 - 350		9.90 - 13.10		3		2

		350 - 400		13.10 - 16.80		0		5
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