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Tree breeders try to predict the result of their efforts. The gain is 10% - 30% of the new established 
seed orchard. We are careful in challenging that because our funding is depending on the concept 
of gain, and since genetic variation and genetic progress by domestication is very evident, it seems 
little reason to be susceptive. Simulators like "POPSIM" and "breeding cycler" indicate that in just 
10 generations - 200 years – tree growth is predicted to improve by 100% or more.  

These simulation models are very useful for a general comparison of population management 
strategies. In reality, there are other important factors (mentioned further in this text) that are not 
considered in these models and that may significantly alter the long-term response of the 
expectation. Thus, the predictive power of these models is usually limited to only few generations.  
 
Lesson from domesticated animals 

Long-term selection in some animals and plants reveals that it is possible to obtain enormous 
gains. Domesticated animals like dogs are good examples. According to the breed standard for the 
Yorkshire Terrier, the weight of a dog must not exceed 3.1 kilograms. Additionally, it is not 
uncommon that the Leonberger weighs over 80 kilograms. Over twenty five Yorkshire Terriers 
would have to be placed on a scale in order to balance one Leonberger. Assuming that the average 
weight of an adult wolf is about 40 kilograms, there has been more than a 100% shift in weight in 
the upper direction (Leonberger) and over 90% in the lower direction (Yorkshire Terrier). Of 
course, dogs have lived with humans for a very long time and favored mutations of large effect 
could play an important role in shaping some of these breeds. But observing other traits in dogs 
too, there seems to be a great amount of variation that could be utilized in almost any direction. 
There are over 150 recognized dog breeds, all belonging to the same species and all descendants of 
the gray wolf. Most of these breeds were developed during the past 150 years. This great success in 
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breeding domestic animals is partly attributed to the effect of mutations mentioned above and 
partly due to very large population sizes. Controlled selection experiments with model organisms 
like the mouse or Drosophila are carried on in relatively small closed populations. Falconer (1955) 
performed an experiment selecting for body weight in mice in both directions. When reaching the 
selection limit, large mice were about 2.5 times the weight of small mice (which is quite 
disappointing compared to the large difference between small and big dog breeds). This may have 
some implications for forest tree breeding.  
 
Are there limits to selection? 

Compared to dogs, trees are not domesticated (not interfering the discussion with the human 
impact on forest ecosystems). Trees may be considered wolves in the context of this discussion. Can 
we get Leonberger trees from wolf trees? In general, the genetic response is a linear function of the 
initial heritability, the selection intensity and the effective population size. The impact of mutation 
can be practically appreciated only after many generations have passed (20 mentioned by 
Falconer).  

In polygenic systems based on additive gene action, there is a large amount of invisible (hidden) 
variation. Only a small amount of variation is exposed, which is sensitive to selection. Thus, it is 
possible to obtain selection response for a very large number of generations, until the absence of 
variation limits any further progress. Often a selection limit is encountered, even though a 
reasonable source of the underlying genetic variation is still present. This may be due to several 
reasons that are discussed next.  
 
Mother-Nature may get upset 

There are some reasons the process of artificial selection may be hampered somewhere along the 
way. The population is a result of a long evolutionary history. In fitness terminology, the population 
has reached close to optimum levels. Natural selection changes allele frequencies such as the 
average population fitness increases (population evolves towards isoclines of higher fitness). In the 
process of artificial selection, breeders likely interfere with the goal of natural selection in an 
attempt to reach different optimums defined by their dreams. 

Hohenboken (1985) mentions: 
“Many attempts to alter a population to meet more nearly the preconceived ideals of the livestock 
producer for performance and/or appearance may be an insult to a population molded optimally 
to its environment by untold generations of natural selection.” 

Directional selection often causes correlated decline in reproductive fitness (reduction in fertility 
and competitive ability, increased susceptibility to predators). In such cases, an antagonistic 
relationship between the artificial and natural selection exists. This is encountered in domesticated 
animals. Such animals are often no longer capable of living on their own. In some cases, a large 
share of animals are unable to reproduce without assistance. Thus the change in their constitution 
has to be accompanied by some significant change in the environment in which they live. Most of 
the modern dog breeds would find it extremely difficult to survive on their own in the wolf’s natural 
habitat. They require food and shelter in order to survive. Most of the breeds experience some 
health problems, sometimes severe, resulting in expensive medical treatments. Allergic reactions 
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are more and more frequent as breeding proceeds. Thus there is an expected cost for a wolf tree to 
become a Leonberger tree.   

On the other hand, forest trees are among the most polymorphic species of the flora and even of the 
fauna (except for the invertebrates). Thus there is a great potential for genetic improvement of 
characteristics that are favorable to mankind. Studies were made to evaluate relationships between 
adaptive traits and traits of significant economic value, like volume production. In general, the two 
were either independent or only slightly correlated (McKeand and Svensson 1997). It seems though 
that this may change as breeding programs proceed to more generations. It is hard to believe that 
after reaching twice the volume of current trees, there would be no noticeable decline in 
reproductive fitness. 

In Falconer’s experiment with body weight in mice mentioned earlier it was not possible to obtain 
any further improvement after reaching approximately 20 generations (in a highly controlled 
environment), even though there was still genetic variation in body weight. A possible explanation 
may be that the animals became too big or small that they were physiologically not capable to 
further respond. The weight of an average mouse has been determined by the long history of 
natural selection. A big departure from this stage produces a mouse which functions less smoothly.  
It seems that both the Leonberger and Yorkshire are somewhat close to this physiological limit and 
any further response in body weight in either direction is likely very limited.  

Similarly, the selection limit can also be caused by overdominance, undesirable recessive genes at a 
low gene frequency, genotype by environment interaction, or due to tight linkages (Al-Murrani 
1974). 
 
Correlated traits 

Forest tree breeders (like other breeders) are often interested in improving multiple traits 
simultaneously. They define aggregate breeding value (aggregate genetic value, genetic merit), by 
assigning relative importance to each trait they are interested in. Thus they have some ideotype in 
their mind, which they intend to reach in the future. Such an ideotype may include a desired 
balance between the component traits in a relative terminology (relative economic importance), but 
it is not specifically defined as to what is the desired amount of improvement in absolute terms. 
Thus, the general expectation is that trees would become more and more productive by the process 
of genetic manipulation, while maintaining some balance between component traits. 

Such directional selection performed on multiple traits may possibly result in a negative genetic 
correlation among these traits. The alleles with desired effects on traits would increase their 
frequency and would eventually become fixed. Fixed alleles would no longer contribute to variances 
or covariances of traits. However, the presence of other genes that were not fixed (affecting one 
trait favorably while another unfavorably) would result in a negative correlation. This may cause a 
realistic barrier to further simultaneous improvement in the desired genetic merit.  
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Are the trees not already adapted? 

It is hard to believe, that in the long run, humans will be more successful breeders than nature. 
There is some rational explanation of why trees grow in the way they do. To increase production 
there must be some reason the trees do not utilize the resources efficiently. Resources are things 
like nitrogen, water, space and vegetation period. It seems that a tree has a very strong incitement 
to grow tall and wide and remain in a dominant position for a long time. Such trees are likely to 
produce many offspring. So why are trees not taller and more fast growing? Why should evolution 
not favor the type of trees we want in a plantation?  

The reason for this may be similar to the reason why the wolf is not a Leonberger. Why did nature 
not make the wolf bigger? A bigger wolf is stronger than a smaller wolf according to our reasoning. 
Robertson (1966) indicated that under natural selection the rate of change in any metric trait 
equals its additive genetic covariance with fitness. Wolves are simply not bigger because being 
bigger is not advantageous. They have to co-exist with other natural forms in the ecosystem. They 
have to survive long winters fighting for food. Thousands of years of natural selection made their 
size optimum for such functionality. Trees are not growing much taller because being much taller 
and much faster does not give them any long-term advantage. If there were any positive association 
between being faster grower and the fitness, then the natural selection would probably favor such 
trees.  

Genes are expressed in certain physical units that occupy certain space and time. These units are 
dependent on other units in the system since they share a common environment. Thus, maybe a 
part of the reason for wolves and trees to look like they do is because they have to functionally 
coexist with other living forms in the system. Evolution is driven by fitness and competition for 
limited resources. Both non-cooperative and cooperative forms of competition are evident in 
nature. The later can be described as a game in which players are allowed to form coalitions. The 
populations (like forest stands or human tribes) share genes and are related, and that may be an 
incitement for an individual to act in the interest of the group. Relatedness is thus one mechanism 
underlying social behavior. Another mechanism is reciprocity, i.e. taking the cooperative action 
when it becomes rational. If we help others now and they play the same strategy, we will get help 
later and all will receive a benefit. Emotional valence may explain some irrational forms of behavior 
for the interest of a group (destroying large cars such as the society can benefit by breathing cleaner 
air while at the same time taking almost certain risk of personal punishment).  
 
Importance of the environment 

By definition, the rate of increase in fitness is proportional to the additive genetic variance in 
fitness. All competing species aim to improve their fitness. Thus, life becomes increasingly difficult 
for one another. 

“Each species is like Alice on the treadmill: it has to keep running to stay in the same place.” Crow 
(1986) 

The increase in average fitness is likely accompanied by some deterioration of the environment 
(otherwise the fitness would increase indefinitely provided there was sufficient variance). Factors 
like forest fires are important in nature. The fire improves conditions of the environment, which is 
beneficial for the evolution and sustainability of life. In a way, fire is a buffer action against 
overcrowding. 
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In forestry, the environment for forest plantations is often different than the natural settings. The 
seeds are produced in seed orchards with a much higher physiological quality. It is sown one by one 
in a container, their germination and early growth conditions are optimal. Almost each seed is 
expected to produce a valuable tree. The plants are lifted at an optimal moment and cool-stored 
until planting. The planting point is scarified, and competing vegetation is relaxed. The spacing is 
even. For the conditions up to canopy closure, the cultivated forest environment is widely different 
to the natural, and it is no surprise that gains can be made when domestication is done to this new 
environment, even if the genotypes had been well tuned to the natural setting. The domesticated 
forest will be harvested at a younger age than stands and trees that may live in nature. Thus, early 
growth is relatively more important versus late growth and longevity.  

One way or the other, the control of environmental factors in forestry is much more limited 
compared to e.g. highly productive cattle bred for milk production, where some of the pressures of 
natural selection were relaxed expanding further the scope to respond to artificial selection. Trees 
grow for a long time outside occupying large areas with no shelter and little or no control of 
temperature, moisture or nutrition. They have to fight extreme weather conditions, predators, pests 
and diseases on their own. They even have to deal with global climate changes. If they fail in a 
single one of these aspects, they will not provide the desired economic benefit and the overall 
breeding effort may fail.  
 
Story of Lodgepole pine 

Lodgepole pine (Pinus contorta Dougl. ex Loud. var. latifolia Engelm.) was introduced to Sweden 
from British Columbia and the Yukon territory. It is said to be 36% superior to native Scots pine 
(Pinus sylvestris L.) on most sites and over a range of provenances. How is that possible? Its 
superiority may be explained by its higher nitrogen efficiency, lodgepole can sustain a larger 
photosynthetic apparatus on less nitrogen than Scots pine, and available nitrogen is often a limiting 
factor in Swedish environments. Why has evolution not detected that simple trick? Is nitrogen 
more limiting in Canada than Sweden? Hardly! It could be that it is very difficult for evolution to 
find the pathway, so it never succeeded in Scots pine. It could also be that Lodgepole is more 
efficient in growth than Scots pine because it was not shaped by natural forces long enough to learn 
how to live optimally in the Swedish ecosystem.  
 

Conclusion 

Forest trees are among the most polymorphic species on Earth. There is a great potential for 
genetic improvement. However, it seems like the main barrier to extreme changes by artificial 
selection is not the loss of genetic variability, but antagonistic selection forces. These may become 
especially important, since trees are exposed to a wide range of forces of natural selection from the 
age of planting until the time of the harvest. Thus, it is doubtful that breeders could produce 
Leonberger trees unless they significantly take control over the environment for growing such 
giants.  
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Leonberger  

At the end of the thirties, beginning of the forties of the 19th century, Heinrich Essig, town Councillor in Leonberg near 
Stuttgart, crossed a black and white Newfoundland bitch with a so-called “Barry” male from the monastery hospice 
Grand St.Bernhard.  Later a Pyrenean Mountain Dog was added.  This resulted in very large dogs with predominantly 
long, white coats.  Essig’s aim was for a lion-like dog.  The lion is the heraldic animal of the city of Leonberg.  

The first dogs really called “Leonbergers” were born in 1846.  They combined the excellent qualities of the breeds from 
which they stemmed. Only a short time later, many of these dogs were sold as status symbols from Leonberg all over 
the world.  At the end of the 19th century, the Leonberger was kept in Baden-Württemberg as the preferred farm dog.  
His watch and draft abilities were much praised. In both World Wars and the needy post war times, the numbers of 
breeding stock reduced dramatically.  Today the Leonberger is an excellent family dog which fulfills all the demands of 
modern life. 

Newfoundland originated in the island of Newfoundland from indigenous dogs and the big black bear dog introduced 
by the Vikings after the year 1100.  With the advent of European fishermen a variety of new breeds helped to shape and 
reinvigorate the breed, but the essential characteristics remained.   

Source: Federation Cynologique Internationale breed standards; http://www.fci.be 

 
Yorkshire Terrier 

The Yorkshire Terrier had its beginnings as a breed in the Yorkshire, Manchester and Leeds counties in the northern 
part of England.  The weavers of Scotland brought their families and dogs with them when they left their homeland.  
The Industrial Revolution had forced them out of work.  The time was the mid 19th century, 1860’s and 1870’s.  The 
dogs that accompanied these families were for the most part the sturdy Scottish Terrier.  The Paisley and Clydesdale 
Terrier’s bloodlines were probably also included in the bloodlines.  These were all working men’s dogs, used to keep the 
vermin under control in the textile mills and coal mines.  What bloodlines were used to establish the Yorkshire Terrier 
is subject to much  speculation, due to the fact that the breeders of these dogs did not write down who was bred to 
whom.  If they liked the spirit and looks of the dogs, they mated them.  It was chance at best.  

It is guessed that the Yorkshire county miners crossed the Black and Tan English Terrier, this dog was rough-coated, 
and the long-coated, blue-gray Waterside Terrier breeds were infused in the Scottish Terriers.  The Maltese and Skye 
Terrier are also possibilities.  

In 1865, the foundation sire of the Yorkshire Terrier breed, was born. Huddersfield Ben was owned by M.A. Foster, and 
he enjoyed a very public life, to popularize the breed in England.  He demonstrated that he was very successful in the 
rat killing contests (these were quite popular in the 19th century), and he won more than 70 prizes as a show dog as 
well.  

In 1872, the Yorkshire Terrier was introduced into the United States, and was recognized by the AKC in 1878.  But it 
wasn’t until the 1930’s that the Yorkshire Terrier took on its modern look. It is important to note that the Yorkshire 
Terrier up until the 1930’s usually weighed approximately 30 pounds, not the 3 to 7 pounds it does today. 

Source: Yorkshire Terrier history By Lee Weston; http://www.barkbytes.com/history/yorkie.htm 


