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Genetic Variation in Seedlings d Picea mariana (Mill.) BSP.

II. Variation Patterns

By E. K. MORGENSTERN')

(Received for publication May 10, 1968)

Introduction

The genetic processesd mutation, recombination, migra-
tion, isolation and selection change the frequency o genes
in natural populations and lead to the development d
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 | o this paper (Mor-
GENSTERN 1969).

The combined effect o all genetic processes must be
measured in a different manner. The expected subdivision
o the species can be investigated by means o hierarchal
sampling and analysis d variance. Thus the total variance
can be divided into the components associated with popula-
tions (among regions), subpopul ations (among stands within
regions), half-sib families (among single-tree progenies
within stands), and within half-sib families (among re-
plications o the same single-tree progenies). The study was
continued in this way and the results are given in the
present paper.

M ethods

Experiments

The four experiments carried out in thisstudy dealt with
germination and early development, survival and dry-
matter production under drought conditions, and growth
and phenology. Details d the experimental procedure were
outlined elsewhere (Morcenstern 1966, 1969). Thirteen phy-
siologica and morphological characters are considered in
this paper to test certain black spruce populations for the
presence d aclina or clinal and ecotypic variation pattern.

Criteria for Classification

Clina variation (Huxiey 1938) is defined as a gradation
in measurable characters d organisms. It is thought that

1) Research Scientist, Department of Fisheries and Forestry,
Petawawa Forest Experiment Station, Chalk River, Ontasio,
Canada. Second paper based upon a dissertation for the degree
of Dr. rer. nat. submitted in 196 to the Mathematisch-Naturwis-
senschaftliche Fakultéat, Universitét Hamburg, Germany. The larger
part o the experimental work was performed at Institut flr Forst-
genetik und Forstpflanzenziichtung, Bundesforschungsanstalt fur
Forst- und Holzwirtschaft, Schmalenbeck, Germany.

this type d variation may develop after an initial dis-
ruptive selection (Mather 1953) in the base population
migrating from the centre o origin d a species, which is
then followed by stabilizing selection and gene exchange
among adjacent populations over the speciesrange (HaLbaANe
1948, Fisuer 1950).

Ecotypic variation (Turesson 1922) is marked by an ab-
rupt 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 o adaptive genetic variation, but they differ
in the underlying evolutionary mechanisms. Thus their
distinction is important (Srern 1964). Furthermore, it must
be recognized that subpopulation differences may also arise
in non-adaptive fashion by migration from different re-
fugia (BouvareL 1989):random drift in small populations
(WrieHT and BuLL 1963), and inbreeding (Mavr 1963).

The variation pattern found in this study will be clas-
sified in the following manner: If the population compo-
nent o 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 eco-
typic regardless o the genetic processes involved. Direct
comparisons o the variance components can also be made
provided that a similar sampling system has been used
(Srern 1964, SquiLLace 1966).

Statistical Analysis

The statistical analysis was based upon the model
Yijag = # + p; + 855 + L + Wi
where Y;;,, represents the plot mean o a particular char-
acter measured in replication 1 o the k-th family in the
j-th subpopulation and the i-th population; x the overall
mean d the experiment; p;, s;;, and f;;; the effects o the
i-th population, j-th subpopulation in population i, and
k-th half-sib family in the j-th subpopulation o popula-
tion i, respectively; and wy;y; the within-family deviation
including error and the effect o replication 1 Although
randomized block and modified | attice square designs were
used in the physical layout d experiments, the preceding
model assumes a completely randomized structure. This
simplified the presentation of results and the calculation o
mean square coefficients, without resulting in large dis-
advantages. All experimental units were considered ran-
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dom samples from an infinitely large population, thus
corresponding to Model II (Snepecor 1956).

The degrees of freedom and expected mean squares of
the analysis for all four experiments are given in Table
II-1. The numbers of subpopulations and families sampled
in each population were unequal and therefore coefficients
of the mean squares in the column EMS were computed
as shown by AnpersoNn and Bancrorr (1952). By setting
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calculated mean squares equal to the expected mean
squares, variance components were derived. These compo-
nents made possible a direct estimate of variation at each
level of sampling, and were also used to express the pro-
portion of any level in total variance by means of genetic
intraclass correlations (Kempraorne 1957). Variance compo-
nents are independent of the normal distribution (StEEL
and Torrie 1960) and freely applicable in the present study.

The utility of significance tests was more limited. They
are subject to a number of restrictive assumptions, i.ec.
normal distribution of errors at each level of sampling,
homogeneous variance, and equal coefficients of the mean
squares (SNepecor 1956). Not all of these requirements could
be met and, therefore, the significance tests made were
considered approximations.

Results and Discussions

Variation of Individual Characters

General information on ranges, means, standard devia-
tions and coefficients of variation is summarized in Table
II-2. The results of the analysis of variance are given in
Table II-3. The variation of individual characters at the
four levels of sampling differed greatly in significance and
contribution to total variance. By referring back to the
principal component analysis given in Part I of this paper
(MoRGENSTERN 1969, Tables I-3, I-5, I-7, I-9), these results
can now be more fully explained and understood.
Germination rate. — Variation in germination rate was
largest among families which accounted for 27.5 percent of
total variance, smaller among subpopulations accounting
for 15.3 percent, and smallest among populations with 10.8
percent. Significant differences were only associated with
families and subpopulations. The subpopulation differences
were related to soil moisture regime of the place of seed
origin (Table I-3) which in turn probably influenced nitro-
gen availability and seed wnuirition. Seed nutrition ap-
peared to have been more favourable on dry and fresh
sites than on moist and wet sites. Much of the variance
among subpopulations may therefore be environmental in
origin. But the variation among families will be genetic to
a greater extent because of reduced site variation within
the area occupied by the single trees of a subpopulation.
A similar situation was described by Grearnouse (1966)
who showed that in Pseudotsuga menziesii germination
rate differed significantly even when the mother trees were
growing on relatively uniform sites in seed orchards.
Similarly, Scuewr (1960) found a consistent germination
rate in seed collected from individual Picea abies trees in
different years, which appeared to depend upon thickness
of the seed coat, but there was no correlation of rapid
germination with fast growth up to age 20. It is conceivable
that both rapid and slow germination possess selective
value in different ecological situations, and that such
contrasting qualities are maintained in a population by
opposing selective forces, thus leading to polymorphisms
(Forp 1964).

Germination percent. — Variation was largest among
families which accounted for 50.7 percent of total variance;
it was much smaller and not significant at the level of
subpopulations and populations which contributed 5.4 and
0 percent, respectively. Germination percent was best re-
lated to vigour (Table I-3) and, as such, similar to germina-
tion rate. However, the correlation with soil moisture re-
gime was weaker which may explain the non-significance
of subpopulation differences. Because of the measures



Table II-2. — Ranges, means, standard deviations, and coefficients of variation for thirteen characters rated in four experi-

ments.
No. of ici
Exp. No. Character fa(:ni‘;ies Unit ‘ Range') } Mean?) i:’rilgsgi (Sfos:?i(;lggg

1 Germination rate 118 Rate index3) .111—.761 .439 .081 18.4
1 Germination percent 118 Percent?) 8.13—90.00 53.68 12.13 22.6
1 Survival percent 118 Percent?) 20.70—90.00 62.54 7.80 12.5
1 Cotyledon number 118 Number 3.6—5.7 4.24 .30 7.1
1 Hypocotyl length 118 mm 3.5—12.5 8.27 1.26 15.2
1 10-months height 118 cm 6.8—19.9 14.28 141 9.9
2 Survival index 37 Rate index3?) .255——.641 .458 .052 11.4
3 Total dry weight 37 mg .0111—.0387 .0225 .0046 20.4
4 Prolepsis, year 1 121  Percent!) 5.74—31.95 8.81 3.92 44.4
4 Growth cessation, year 1 121 Days?) 239—311 278 14.0 5.0
4 Growth initiation, year 2 121 Days?) 111—134 121 3.6 3.0
4 Growth cessation, year 2 121 Daysf) 203—309 278 18.7 6.7
4 Total height, year 2 121 cm 2.2—19.0 11.31 2.82 249

) Based on plot means.
?) General mean of the experiment.

%) Sum of seedlings per plot counted every second day, divided by the product of number of counts times the largest number

observed (BarrtLerr 1937).
4 Arcsin transformation (Snepecor 1956).
5) Days of the year, e. g. Day 239 is August 27, 1964.

Table II-3. — Mean squares (MS)') and percentages of total variance (V%)?) based upon variance components. (1) and (2)
refer to figures based upon measurements of 1- and 2-year-old seedlings, respectively. Variance components are given in
Table II-4.
Experiment Source of Variation
and Populations Subpopulation Families Within Families

Character MS Vo MS Vo MS V% MS V%
Exp. No. 1
Germination rate 151666 10.8 81433*** 15.3 24199%** 27.5 5311 46.4
Germination percent 1229.9 0 1360.9 5.4 901.7*** 50.7 113.7 43.9
Survival percent 969.3 24 696.8* 5.1 322.3%%* 10.0 186.4 82.5
Cotyledon number 3.4192%* 30.6 7819*** 12.6 .2484%** 27.0 .0387 29.8
Hypocotyl length 6208** 25.7 1373** 8.8 543*** 25.4 114 40.1
10-months height 2380 1.0 1998 2.2 1426*** 15.6 663 81.2
Exp. No. 2
Survival index 10719 0 18368 12.2 8965*+* 25.4 3407 62.4
Exp. No. 3
Total dry weight 24342 5.8 8179 0 8464 *** 41.7 2024 52.5
Exp. No. 4
Prolepsis (1) 325.43* 14.3 113.18%** 13.2 33.09%** 13.6 17.22 58.9
Growth cessation (1) 11095*** 83.6 78 0.4 53* 14 38 14.6
Growth initiation (2) 59g*** 60.6 27+ 4.2 1] *x* 7.6 5 27.6
Growth cessation (2) 20402%** 90.0 94 0.4 53* 0.7 40 8.9
Total height (2) 39216%** 62.2 585 0 625** 4.3 412 33.5

1) Significance levels: * 5 percent, ** 1 percent, *** .1 percent.

?) If variance component negative, V% listed as 0.

taken to improve seed uniformity by collection, extraction,
empty-seed removal by alcohol flotation, cold-moist treat-
ment and fungicide application, much of the remaining
variation must have been caused by damage prior to col-
lection, such as by insects, or by differences in embryo
development. AnperssoN (1965) has shown that embryo
development in Picea abies differs among populations as
a result of summer temperatures. But Simak and GUSTAFSSON
(1954) found that in Pinus silvestris the relative frequency
of embryo types changes little when seed develops on moth-
er trees and their grafts in different climatic regions, in-
dicating that genetic factors were involved. Orr-EwiNG
(1957) has shown that in Pseudotsuga menziesii embryo

development is inhibited by inbreeding. Similar situations
may exist in Picea mariana.

Survival percent. — The largest part of the variation, i. e.
82.5 percent, was contributed by the within-family compo-
nent, indicating that error and replication effects were most
important. In this case the replication effect dominated
and was clearly observed when the germinant seedlings
were attacked by damping-off fungi during a period of
warm, humid weather. The second largest component of
variance (10.0 percent) was contributed by families; this
was followed by subpopulations (5.1 percent) and popula-
tions (2.4 percent). The importance of family differences is
in agreement with the earlier analysis (Table I-3), showing
that survival percent was most closely related to vigour.
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Although vigour was weakly related to soil moisture, and
could conceivably differ with age and environment of the
parent tree (Busse 1931), the role of non-adaptive, genetic
factors, such as inbreeding (Riguter 1945, Dieckert 1964)
must again be considered.

Cotyledon number and hypocotyl length. — There was
large and significant variation at all three levels, popula-
tions contributing most of it (30.6 and 25.7 percent). Next
was the variation among families which accounted for 27.0
and 25.4 percent. Subpopulations came last, with 12.6 and
8.8 percent, respectively. The results agree in general with
the earlier analysis where the relationship to latitude and
seed weight was demonstrated (Table I-3). In spite of in-
dications that in some species the heritability of seed weight
is low, e. g. in Pinus resinosa (FowLer 1964), it is not pos-
sible to conclude that cotyledon number and hypocotyl
length, being closely related to seed weight, are also weakly
inherited. Studies in Pseudotsuga menziesii show that the
narrow-sense heritability of cotyledon number was .53
when seed weight was nearly equal (Sorensen 1966) and
.42 when calculated on the basis of the pollen parent
(SzikLar 1966). Heritability estimates of cotyledon number
and hypocotyl length based on this study would not be
reliable and should better be made from seed grown in a
common environment.

Ten-months height. — Within-family variation dominated
with 81.2 percent of the total. The family variation with
15.6 percent was the only remaining group that was large
and significant. Initial germination percent determining
differences in spacing and competition was the underlying
factor (Table I-3). Thus a great deal of variation was in-
troduced by the test environment and this submerged most
genetic differences.

Survival index and total dry weight. — The variation within
families accounted for 62.4 and 52.5 percent of the total, but
the variation among families (25.4 and 41.7 percent) was
significant as well. Although seed size, root size and soil
moisture of origin were contributing factors, plant size, an
expression of vigour and growth rate, was most important
(Tables I-5, I-7). Therefore, both the concentration of dif-
ferences at the family level and the correlation with vigour
tend to indicate that neither adaptation to soil moisture
regime nor preconditioning of the seed may have been
very important. Inbreeding is again one of the possible ex-
planations, another one being a differentiation in growth
rate caused by differences in phasic development (Weck
1954, SterN 1960).

Prolepsis. — Much of the variation (58.9 percent) was con-
tributed by the within-family component, implying that
the environmental proportion of variance was large.
Scumint-Voct (1964), likewise, found that in Picea abies
provenances grown in the nursery, prolepsis may be easily
modified by soil factors. On the other hand, significant
portions of the variation in this study were also associated
with populations (14.3 percent), families (13.6 percent), and
subpopulations (13.2 percent). Seed weight and day length
at the place of origin were the most important related
variables (Table I-9). The regional pattern of variation,
indicated by the population component, is in agreement
with Ruporpu (1964) who showed that prolepsis is more
frequent in Pinus banksiana sources from southern lati-
tudes, and with Horrmann (1965) who demonstrated higher
frequencies in Picea abies provenances from lower eleva-
tions. Probably such differences among populations are
adaptive and indicate the effect of natural selection by
climate upon this character.
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Growth initiation. — Variation was largest arrong popula-
tions, which accounted for 60.6 percent of total variance,
followed by families (7.6 percent) and subpopulations (4.2
percent). Spring temperature at the place of seed origin
was the most important single variable explaining the
population differences (Table I-9). Soil moisture regime,
which depended primarily upon topographic position and
therefore was associated with local climate, was correlated
at the 5-percent significance level with growth initiation
(Table I-8), but this effect, actually caused by the cor-
relation of soil moisture regime and latitude, diminished
when soil moisture was extracted as an independent factor
in principal component analysis (Table I-9). It is clear,
therefore, that variation at the subpopulation level is not
important. Variation at the family level could reflect a
polymorphic state. Conceivably, the variability of individ-
ual trees within a stand is beneficial to the species in an
environment which is heterogeneous in time, i.e. would
assist regeneration during different stages of stand devel-
opment in the open and in shade (Stern 1964). Early and
late flushing individuals have long been described in the
genus Picea (Rusner 1960) and the high heritability of
flushing time has been demonstrated (NienstaepT 1963,
LANGNER and Stern 1964).

Growth cessation, first and second year. — Populations
accounted for 83.6 and 90.0 percent, subpopulations for 0.4
percent in both years, and families for 1.4 and 0.7 percent
of total variance, respectively. Day length of the native
habitat was the primary factor controlling this response,
and temperature a secondary one (Table I-9). The within-
family variance was small (14.6 and 8.9 percent), showing
that error and replication effects were unimportant.
Growth cessation, more than any other response investi-
gated, is an adaptive character for which a high heritability
may be expected.

Total height. — Much of the variation was associated with
populations (62.2 percent) and a much smaller portion (4.3
percent) with families. The within-family variation, with
33.5 percent, was also relatively large. Day length and
temperature of the place of origin, determining primarily
the duration of growth, were the principal underlying fac-
tors (Table I-9), but the sizable within-family component
and direct observations indicate that soil variation in the
experiment also played a role. The portion of genetic
variance will therefore be lower than for growth cessation.

Variation Patterns

When the variation of individual characters at each level
of sampling is expressed as a proportion of total variance
excluding within-family variance components, genetic in-
traclass correlations are obtained (Table II-4). These intra-
class correlations show certain regularities associated with
developmental stages. During germination and early devel-
opment in the greenhouse under normal and drought condi-
tions, the column-average of 8 characters measured in the
first three experiments is largest for families, V(F), which
account for 65 percent of total variance. The prevalence of
family differences reflects the dominant role played by in-
dividual trees in seed development and in subsequent
progeny vigour. During growth in the nursery, measured
by total height and 4 phenological characters in the fourth
experiment, the population variance, V(P), is leading with
an average of 82 percent. This reflects the primary im-
portance of geographic origin in further plant development.
A similar dominance of family differences in germination




Table 1I-4. — Components of variance and genetic intraclass correlations. The first three genetic intraclass correlations have been com-
bined into two groups (Group 1: Exp. No. 1, 2, 3; Group 2: Exp. No. 4) and averaged to obtain one approximate figure for each of the two
developmental stages considered.

Components of Variance

Genetic Intraclass Correlations (Percent)

Experiment
and Populations |Subpopulation | Families V(@) v(S) V(F) Vs
Character v(P) v(s) V(F) V(P) + V(S) + V(F) V(P) + V(S) + V(F) V(P) + V(S) + V(F) V(S) + V(F)
Exp. No. 1
Germination rate 1236 1758 3148 20 29 51 36
Germination percent .01 14.11 131.34 0 10 90 10
Survival percent 5.42 11.51 22.64 14 29 57 34
Cotyledon number .0398 .0164 .0350 4 18 38 32
Hypocotyl length 73 25 72 43 15 42 26
10-months height 8 18 127 5 12 83 12
Exp. No. 2
Survival index 0 666 1389 0 32 68 32
Exp. No. 3
Total dry weight 223 0 1610 12 0 88 0
138/8 = 17 145/8 = 18 517/8 = 65
Exp. No. 4
Prolepsis (1) 4.17 3.85 3.97 35 32 33 49
Growth cessation (1) 218.77 1.20 3.63 97 1 2 25
Growth initiation (2) 11.33 .18 1.42 84 6 10 35
Growth cessation (2) 403.23 1.97 3.30 98 1 1 37
Total height (2) 766 0 53 94 0 6 0
408/5 = 82 40/5 =8 52/5 = 10

was found in Pinus elliottii by SquiLiace (1966) and of
population differences in phenological characters of Betula
japonica and B. maximowicziana by Stern (1964).

On the basis of these results conclusions can now be
drawn regarding the variation pattern of black spruce.
The first hypothesis to be tested is that variation is clinal
in response to selection by continuous ecological factors
such as day length and regional temperatures, while the
second is that genetic variation is not only clinal but also
ecotypic in consequence of discrete factors such as local
climate and soil moisture regime.

The hypothesis of clinal variation is supported by much
evider.ce in this study. The proportion of population vari-
ance was largest for cotyledon number, hypocotyl length,
prolepsis, initiation and cessation of growth and total height
(Table II-4). Because it exceeded both the subpopulation
and family variance, the variation of these characters is
clinal as defined earlier in this paper.

In contrast, there is little evidence for ecotypic variation.
The proportion of subpopulation variance exceeded that of
populations for germination rate, survival percent and
survival index, but it was smaller than that of families.
As a result none of the characters exhibited ecotypic varia-
tion on the basis of the criteria adopted for this study. This
is in agreement with FowLer (1966) who found no evidence
of ecotypic variation in Ontario black spruce in a green-
house experiment.

In evaluating these results, the following limitations of
this study must be considered: The pattern found is not
independent of sampling. It depends upon the number of
regions included, and with many regions and high tem-
perature gradients, the population component of variance
will be large. Similarly, the concentration of subpopulation
samples within a 20-kilometer radius imposes restrictions
upon sampling of soils moisture regimes and local climates.
Furthermore, sampling should take account of yearly fluc-
tuations in flowering and seed crops (Sarvas 1962). Another
problem is that the pattern found depends upon the char-
acters selected, the age of testing (WiLusz 1966), the geno-
type X environment interactions and error involved. No

doubt verification is required by additional experimenta-
tion with this little-known species.

In spite of these limitations, many of the results are
consistent with ecological observations and population
genetic theory. Most subpopulations included in this study
were not isolated but were found in a continuous series
from wet through moist and fresh to moderately dry sites.
Yet isolation is an important condition required to ac-
cumulate gene differences (Forp 1964). In the large popula-
tions sampled in the central part of the species range,
selection must be expected to operate for general per-
formance in all niches (Carson 1959), particularly in a
fluctuating environment (Baker 1964, Brapsaaw 1964). The
boreal environment of black spruce is fluctuating as a
result of past glaciation and migrations, present manipula-
tion of water levels by beaver, and the change of moisture,
temperature and light following forest fires and succession.
It is therefore possible that black spruce is more generally
adapted to the more regular temperature and light cycles
of its major regions, but less specialized for the fluctuating
conditions of local habitats.

Applications

Aside from theoretical questions, the results of this study
are applicable in regeneration, seed control, and a breeding
and selection program.

Regeneration could take advantage of the differentiation
in early vigour associated with half-sib families and sub-
populations. Because germination rate, germination per-
cent, and survival percent of germinant seedlings increased
with seed weight and were slightly higher in progenies
originating on fresh and moderately dry sites, seed collec-
tion could take advantage of these differences regardless
of the heritability of these characters. Germination rate ap-
pears to be a juvenile character not related to rapid growti
at later stages (ScueLL 1960), but the differences found
may ensure survival during the first year when availah:»
moisture is most critical (Prace 1955, Eis 1965).
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Seed control is a related problem. The clinal pattern of
variation, particularly in phenological characters, could be
best met by a continuous system of seed control, permitting
transfer for a specified maximum distance north or south
from the place of origin, such as devised by Prof. O. Lanc-
Ler for Sweden (Linpquist 1951). But the regional system
now used in Ontario, based on Hiiis (1955), may be more
practical, without resulting in large disadvantages. Most
of HiLL’s regions encompass about two to three degrees of
latitude, i.e. a distance which seed could be moved at
equal elevation according to Vincent (1965). Nevertheless,
mainly because of differences in temperature gradients,
Vincent’s European results are not necessarily applicable
everywhere in North America, and more specific experi-
ments are required.

The experimental results indicated possibilities for the
planting of provenances north of their region of origin in
order to prolong their growth period. In the nursery ex-
periment at Schmalenbeck, provenances from 60° N grew
for about 3 months while those from 43°N grew for 6
months. These southern sources were frost hardy, and ex-
ceeded the growth of most Picea abies provenances of
equal age from a large collection raised in the same nursery.
Areas with mild fall temperatures would favour this ap-
proach.

In a breeding program the prevailing pattern of clinal
variation could be utilized for interprovenance hybridiza-
tion. By crossing individuals of a northern with those of
a southern population, frost hardiness and fast growth
might be combined (NissoN 1964). This should be easiest
if individuals from moderately distant populations are
crossed to decrease problems resulting from coadaptation
and epistasis (STern 1964).

For the planning of a selection program, the intraclass
correlations given in Table II-4 could serve as a basis.
Selection for attributes related to germination should be
practiced primarily at the family-level, although environ-
mental influences, affecting seed nutrition, are also in-
volved. Selection for phenological attributes should gener-
ally be carried out at the population level where 84 to 94
percent of total variance is concentrated. If only one
population or region is available, seleetion at the level of
subpopulations or stands is also promising. This is seen in
the last row figures in Table II-4, giving the subpopulation
variance, V(S), as a percentage of the total variance,
V(S) + V(F). The variance available for selection would
then range from 0 to 49 percent. Furthermore, it is realized
that if the half-sib-family variance is additive variance and
free of inbreeding effects, the figures should be multiplied
by 4 since only Y of the additive genetic variance is re-
covered in a half-sib progeny test (FaLconer 1960, NAMKOONG
1966). Selection among single trees is therefore again more
promising than indicated by these figures. Giving due
weight to the limitations of this study, particularly the
manner of sampling and testing, different alternatives in a
selection program may be considered.
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Summary

1. The degree of subdivision was investigated in thirteen
characters. Analysis of variance was employed and variance
components were calculated for populations (among re-
gions), subpopulations (among stands within regions), half-
sib families (among single-tree progenies within stands),
and within half-sib families (among replications). The
genetic intraclass correlations, derived from variance com-
ponents, were used to interpret the variation pattern.

2. For 6 characters related to germination and drought
resistance, the family variance, expressed as a percentage
of the total, was largest; for 7 mainly phenological and
morphological characters the population variance was
largest; the variance of subpopulations was small and never
exceeded both the family and population variance. On the
basis of the criteria adopted for this study, variation is
therefore essentially clinal.

3. Applications were discussed. The large population
variance is important for seed control, the introduction of
southern sources, and interprovenance hybridization. The
small subpopulation variance carries much weight only if
selection is restricted to one region. The family variance
could be utilized particularly to increase germination per-
cent, survival, and drought resistance at early stages.

Résumé

Titre de ’article: Variation génétique des semis de Picea
mariana. II. Modes de la variation.

1. Le degré de subdivision fut étudié par treize caractéres.
L’analyse de variance et les composantes de la variance
ont été calculées pour les populations (entre les régions);
les sous-populations (entre les peuplements a I'intérieur des
régions); les familles de descendance uniparentale (entre
les descendances des individus a Yintérieur des peuple-
ments); et entre les familles de descendance uniparentale
(parmi les répétitions).

Les relations génétiques intraclasses provenant des com-
posantes de la variance furent employées dans l'interpré-
tation du mode de la variation.

2. La variance de la famille, exprimée en tant que pour-
centage de ’ensemble fut la plus grande pour 6 caractéres
se rapportant & la germination et a la résistance a la sé-
cheresse, tandis que la variance de la population fut la
plus grande pour 7 caractéres surtout phénologiques et
morphologiques. La variance des sous-populations fut pe-
tite et ne dépassa jamais la variance de la famille ou de la
population. Ainsi, suivant les critéres utilisés pour cette
étude, il s’ensuit que la variation est essentiellement clinale.

3. On peut deés lors établir des conclusions d’ordre prati-
que: 'amplitude de la variance de la population souligne
I'importance d'un contréle des semences, de l'introduction
de sources sudistes, et d’'un hybridation entre les provenan-
ces. La variance inférieure de la sous-population peut re-
vétir une plus grande importance a condition que la sé-
lection soit restreinte a une région. Finalement, la variance
de la famille peut étre utilisée principalement dans le but
d’augmenter le pourcentage de germination, de survivance
et de résistance a la sécheresse durant les premiers stades
de développement.
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Unterscheidung von Pappelklonen

1. Die Variation einzelner Merkmale

Von Hans H. HATTEMER¥)

(Eingegangen am 15. 6. 1968)

Allgemeines
Vorbemerkungen

Die hier mitgeteilten Auswertungen stellen eine Ge-
meinschaftsarbeit des Instituts fiir Forstgenetik und Forst-
pflanzenziichtung in Schmalenbeck und des Lehrstuhls fiir
Forstgenetik und Forstpflanzenziichtung in Hann. Miinden
dar. Dem Direktor jenes Instituts, Herrn Prof. Dr. W. Lancg-
NER, sowie dem Inhaber des Lehrstuhls in Hann. Miinden,
Herrn Prof. Dr. K. Stern, sei fir die Unterstlitzung der
Arbeiten und fiir vielfdltige Anregungen herzlicher Dank
ausgesprochen.

Das Versuchsmaterial entstammt zum groéBeren Teil ei-
nem Baumschulversuch der Zweigstelle Wachtersbach des
Instituts in Schmalenbeck. Dem Leiter der Zweigstelle,

*) Institut fiir Forstgenetik und Forstpflanzenziichtung in Schma-
lenbeck der Bundesforschungsanstalt fiir Forst- und Holzwirtschaft
sowie Lehrstuhl fiir Forstgenetik und Forstpflanzenziichtung der
Forstlichen Fakultdt der Universitdt Goéttingen in Hann. Miinden.

Herrn Lfm. Dr. H. H. HerrmULLER, nunmehr in Bonn, sei fiir
die Betreuung dieses Versuchs ebenso herzlich gedankt. Das
Personal dieser Zweigstelle hat die Pflege des Versuchs so-
wie die sehr zahlreichen Blattmessungen besorgt, wofiir
auch an dieser Stelle seitens der beteiligten Institute noch-
mals Dank und Anerkennung ausgesprochen seien.

Die Durchfithrung der Arbeit wurde durch das Bundes-
ministerium fiir Erndhrung, Landwirtschaft und Forsten
unterstiitzt. Die maschinellen Auswertungen fanden am
Rechenzentrum der Universitdit Hamburg sowie am Re-
chenzentrum der Arodynamischen Versuchsanstalt der
Max-Planck-Gesellschaft in Gottingen statt. Dem Verfas-
ser eines Grofteils der Programme, Herrn M. Sitc, Ham-
burg, ist Vi. flir seine tatkridftige und umsichtige Mitar-
beit sehr zu Dank verpflichtet.

Zu einem geringeren Teil wurde Versuchsmaterial zwei
Feldversuchen mit Schwarzpappel-Hybridklonen (sog. 16-
Sorten-Versuch) im Bereich des Niedersichsischen Forst-
amts Harsefeld sowie des Bayerischen Forstamts Tadnnes-
berg entnommen. Fiir die Betreuung dieser Versuchsfli-
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