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Genetic Variation in Seedlings of Picea mariana (Mill.) BSP.
11. Variation Patterns

By E. K. MORGENSTERN')
(Received for publication May 10, 1968)

Introduction

The genetic processes of mutation, recombination, migration, isolation and selection change the frequency of genes
in natural populations and lead to the development of
certain variation patterns. For each species this pattern is
complex in origin but may be explained in a simplified
manner by assuming that natural selection is the dominant
genetic process. By making this assumption, the pattern
can be related to environmental factors, and it is then
possible to define the factors which are most important.
This approach has been taken in Part I of this paper (MORG E N S T ER N 1969).
The combined effect of all genetic processes must be
measured in a different manner. The expected subdivision
of the species can be investigated by means of hierarchal
sampling and analysis of variance. Thus the total variance
can be divided into the components associated with populations (among regions), subpopulations (among stands within
regions), half-sib families (among single-tree progenies
within stands), and within half-sib families (among replications of the Same single-&ee progenies). The study was
continued in this way and the results are given in the
present paper.
Methods
Experiments
The four experiments carried out in this study dealt with
germination and early development, survival and drymatter production under drought conditions, and growth
and phenology. Details of the experimental procedure were
outlined elsewhere (MORGENSTERN 1966, 1969). Thirteen physiological and morphological characters are considered in
this paper to test certain black spruce populations for the
presence of a clinal or clinal and ecotypic variation pattern.
Criteria for Classification
Clinal variation (HUXLEY 1938) is defined as a gradation
in measurable characters of organisms. It is thought that
I)
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of Dr. rer. nat. submitted in 1966 to the Mathematisch-Naturwissenschaftliche Fakultät, Universität Hamburg, Germany. The kirger
part of the experimental work was performed at Institut für Forstgenetik und Forstpflanzenzüchtung, Bundesforschungsanstalt für
Forst- und Holzwirtschaft, Schmalenbeck, Germany.

this type of variation may develop after an initial disruptive selection (MATHER 1953) in the base population
migrating from the centre of origin of a species, which is
then followed by stabilizing selection and gene exchange
among adjacent populations over the species range (HALDANE
1948, FISHER
1950).
Ecotypic variation (TURESSON 1922) is marked by an abrupt pattern change resulting from disruptive selection
within populations where habitats are discontinuous and
from stabilizing selection within subpopulations. Therefore,
both clinal and ecotypic variation are similar in that they
are forms of adaptive genetic variation, but they differ
in the underlying evolutionary mechanisms. Thus their
distinction is important (STERN 1964). Furthermore, it must
be recognized that subpopulation differences may also arise
in non-adaptive fashion by migration from different refugia (BOUVAREL 1939J;:random drift in small populations
(WRIGHT and BULL 1963), and inbreeding (MAYR 1963).
The variation pattern found in this study will be classified in the following manner: If the population component of variance is larger than the subpopulation and
family component, variation will be considered clinal. If
the subpopulation component is larger than the population
and family component, variation will be considered ecotypic regardless of the genetic processes involved. Direct
comparisons of the variance components can also be made
provided that a similar sampling system has been used
(STERN 1964, SQUILLACE 1966).
Statistical Analysis
The statistical analysis was based upon the model

+ + +

+

Pi Sij fijk Wijkl
Yijkl=
where Yijkirepresents the plot mean of a particular character measured in replication 1 of the k-th family in the
j-th subpopulation and the i-th population; p the overall
mean of the experiment; pi, sij,and fijk the effects of the
i-th population, j-th subpopulation in population i, and
k-th half-sib family in the j-th subpopulation of population i, respectively; and wijkithe within-family deviation
including error and the effect of replication 1. Although
randomized block and modified lattice square designs were
used in the physical layout of experiments, the preceding
model assumes a completely randomized structure. This
simplified the presentation of results and the calculation of
mean square coefficients, without resulting in large disadvantages. All experimental units were considered ro n-

