Beta diversity

The terms alpha and beta diversity are almost exculsively used for species diversity, but may have relevance to describe the structure of genetic diversity within species. Alpha diversity refer to diversity on the spot, it is the situation on a certain locality at a certain time, this is discussed elsewhere. Beta diversity considers the situation over a wider area (landscape or province) and over some time. Sometimes Gamma diversity is used on a still bigger scale, something like the species range or differences among countries.

If we see beta diversity focusing on habitats rather than species, it seems likely the diversity of habitats has increased. Many habitats similar to the natural are still there, and human actions have created many new. It is true that Man’s interaction on many factors, like fire and megafauna, has had far-ranging consequences on the habitat spectrum, but still it seems likely that habitats have become more, and not less, variable. If we see beta diversity as species richness, probably man’s actions leads to changes on habitats, which are fast, abrupt and radical and leads to reduced beta diversity because evolutionary constraints. The fast change in the diversity between habitats may be part of the problem, because of its influence of migration and dispersal possibilities. But this is a problem where most of seed orchard strategy is rather insignificant.

Within a managed stand, human intervention makes that more similar and less homogenous than in nature. The stand dynamics in Naure probably often changes in mosaics which are smaller than that of a stand (e.g. Emborg et al. 2000). Harvesting, soil scarification, planting and thinning results in a more than natural forest over the area of the stand. In a very small neighbourhood (some 20 trees) it is likely relatetivess will not be more common in a seed orchard forest than in a natural forest, but on a scale of 10 hectares, the effective number of parents will probably be larger in a natural regeneration than in a seed orchard plantation. This geographic scale will not be discussed here.

Below the beta diversity is discussed focusing on the current Swedish conifer situation and the role of seed orchards, and by beta diversity I think usually on genetic diversity between populations within a region.

Historically, it seems that the conifer genetic beta diversity has increased, and is higher now than some hundred years ago. Probably the Swedish conifer forest now has higher beta diversity than it has ever had and will ever get again. Thus we probably now experience a peak in beta diversity. This reflects a process which can be described as “fragmentation” and which probably has unfavourable consequences on the species richness.  

Some forests are self-regenerated, both as a part of active regeneration after harvesting, and as a part of “laissaiz fair” tactics on impediments and reserves. In the planted forest using stand seeds, provenance transfer has been applied. Larger areas than before are intentionally turned into reserves, while larger areas than before are also exposed to rather intensive management. Earlier a considerable part of the forest area was exposed to a negative genetic selection, only the best trees were harvested (“dysgenetic selection”, “creaming”). It seems very likely that this operation decreased the genetic value of the forest in characters which we, as well as those harvesting two centuries ago, consider desirable, and some effects of that remains. But these transfers have not been uniform in time and space. New conifer species (lodgepole pine and larch) have been introduced on rather large scale. Altitude, edafic factors and stand history change on a small-grained scale. Foresters try to get the material most adapted to the plantation spot. Nurseries market plants rised from seeds available to them, and seed supply and storage changes over time. 

Seed orchard forestry is now expanding, but these seed orchards have not been and will not be constant and uniform entities in time or space. Seed orchard forestry is unlikely to lead to that a large region is dominated by a single uniform seed orchard crop. Different owners, different persons and different advisers will have different opinions. Emphases, control and methods of forest management change over time. The seed need of forestry will change. The target area a seed orchard or a type of genetic material is used over changes. Even within a seed orchard changes occur; the reproductive output of different clones change over time and the pollen contamination is not constant. Hopefully contamination decreases, as seed orchards get mature. The wind direction during pollination and other meteorological conditions are different among years. Some seed orchards fail or become outdated, which changes the use of other materials. Individual seed orchards (especially for spruce) have widely variable crops between year, and a few bumper crops have a considerable influence on the total accumulated harvest of Norway spruce. Such output variations lead to variable seed orchard use over space and time. Even if an area were dominated only by one seed orchard, that domination would last for only two decades, while the rotation time is eight decades, thus short term domination of a single seed orchard does not mean that a whole region will be genetically very similar. Different owners use different seed orchards and the control of what is planted where is differently controlled, and the different owner-ships forms a mosaic. For a given site, regeneration material could be chosen from many of the currently available seed orchards (Ericsson, Andersson et al verktyg på SkogForsks web). 

Forests are now a mixture of natural regeneration, creamed forests, transferred provenances and seed orchard plantings. As seed orchards were unimportant for regeneration until the last quarter of a century, their quantitative impact is not yet dominating on the growing forest. The first-cycle seed orchards are selections from natural stands, but selections were not very efficient (heritability around 0.1 for characters selected for). Trees in a small neighborhood in the natural forest may be more related than forests from first generation seed orchards
, but trees in a region will become more related as time goes because of the current seed orchard use. Much more trees will be half sibs in the forest arising from the current seed orchards than in the “Natural” forest. Many seed orchard clones have millions of offspring in the current Swedish forest. Some clones occur in several seed orchards, and the record may be about 30 million living offspring. In the natural forests the total size of the breeding population comprises hundreds of millions of trees. The most reproductively successful parents, which were responsible for say one third of the genes in the forest we had fifty years, can be counted in millions. With seed orchard forestry, this number will be reduced to a few hundred in the forest we will have in fifty years.

As all seeds and plants do not form mature trees, the diversity is different in different phases. As always, some of the selection will have a genetic component. The genotypic variance is likely to shrink during stand development, but the sexual recombination will restore the genetic variance at natural regeneration. As selection acts differently in time and space, selection will diversify stands arising from the same seed crop. Individual stands from the same seed crop will tend to be less related as they grow. This effect will increase the beta diversity, but the effect may not be quantitatively large.

Naturals (“volunteers”) play a considerable but variable role in the forest arising from plantations (Ackzell 1995). How large role depends on local circumstances, and this effect will diversify stands from a common seed source and add to the beta diversity in seed orchard forests.

The Swedish Scots pine breeding material is divided in 24 subpopulations targeted for different conditions (considering heat and light climate, although it has been argued that only four would be needed from an adaptational point of view (Roberds and Namkoon 1989), if foresters are more concerned of the losses according even after minor maladaptation, 8 seems sufficient (Lindgren and Ying ?). Probably individual future seed orchards will be established for serving most of these environmental targets. This seems to indicate that even in the future, several not closely related seed orchard materials would be available.

The national borders get reduced influence, trade and commerce over borders is encouraged. Companies get more and more international and stop to see political borders as commercial borders. Education gets more international. And we get more transnational information about where certain plant materials can be used. These changes are expected to lead to a more intensified international plant trade. The effects of this internationalisation will probably increase the beta-diversity in the next decades. Thus Finnish plant producers will compete on the Swedish market with Finnish materials and vice versa. For most sites in Sweden, organisations in the neighbours produce materials, which can be used in Sweden (Denmark, Norway, Finland, Russia, Belarus, Estonia, Latvia, Lithuania). Tree Breeding and seed orchards in these different countries are usually based on different selections in slightly different ways, and according to slightly different ideas. Thus import of these materials will increase the beta diversity. In a longer perspective, the breeding programs (for similar environments) are likely to converge, so may be the gain on beta-diversity may be on the cost of gamma-diversity.  

Future generation seed orchard crops will be related with the first generation crops, as the current plus tree clones will be ancestors of future selections, which will be used in future seed orchards
. 

Seed orchards ought to be somewhat less related if the clonal number is kept lower. Low clonal number also make crops a little less predictable among years. Thus low clonal number favors high beta diversity.

Selective harvesting of seed orchards and half-sib or full-sib forestry
 favor beta diversity. Selective harvesting followed by a differential use in a better part for planting and a not so good for seeding would increase beta diversity.

A model where 70 % of seeds were projected to come from high-intensity seed orchards and 30% from low intensity seed collection areas would favor beta diversity.

To put all eggs in the same casket does not seem a good idea. From a management and pollen production point of view it is good with 10 ha, but if 50 ha is needed, it seems better to split that on several orchards, even without any thought about beta diversity. Several seed orchards means that the prognosis of their performance will be more reliable, and offers more flexibility to expand on the orchard which in the future looks more promising.

From the beta diversity concern point of view there is one orchard, which probably is doubtfully large. That is “Alvik” (actually two adjacent seed orchards for the two harshest environmental Targets, T1 &T2). It is meant to serve the most severe part of the country, and a part there no other alternative for planting may exist (no still more hardy seed orchard exists, and stand seeds do not have the same hardiness). The seed orchard was dimensioned under a more socialistic era, when society was more concerned about working opportunities in the far north and that Swedish forests should support Swedish Industry. Pine survival following planting was seen as a limiting factor for forestry in the North. Nowadays the interest and intensity in these areas are lower, because it is not economic. For some time it was hoped that lodgepole should solve the problem of the harshest areas, but even if it may be a better choice than domestic pine, it was not good enough, and is now hardly planted in the harshest areas. Thus more competing seed orchards are unlikely to occur. Thus probably “mosaics” with alternative pine materials will not occur largely there in the following decades.

How to quantify betadiversity?

Many efforts have been done to compare the genetic diversity within populations and among populations, the methods used in these studies could be used to get quantitatives measures of beta-diversity. Alpha and Beta diversity in the literature always refer to variants of species diversity and mostly to species richness. Beta diversity is connected to “distance” between populations, and is mostly used in a way so individual populations can get assigned values. Conservation biology economy uses betadiversity, to place conservation efforts in variable sites, guided by betadiversity (rather one uniform with the same characteristics).

How do seed orchards affect beta diversity over time?

The use of seed orchard stands has consequences for the beta diversity and those consequences changes over time. No efforts to predict this has been found in the literature. An effort will be made in another section.
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