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Introduction
A long-terrn genetic variation study of punderosa pine
(Pinus pondevosa LAWS.) was begun at the University of
Montana in 1974. Genetic variation in ponderosa pine has
been previously examined in a number of range-wide and
and S ILEN (1962), WELLS
(1964 a,
regional studies by SQUILLACE
(1973), JENKINSON
(1974), w T A N ~and PATTEE
1964 b), CONKLE
(1974),and VAN DEUSEN
(1974). The objectives of this regional
study were: (1) to estimate the relative amounts of genetic
variation within and between farnilies, populations (or
stands) and groups of polpulati~nsfrom the Same habitat
type, and (2) to study the influence of single and combined
environmental selection pressures on variation in s e d
weight and 14 seedling characters. The preliminary results,
which are reported here, demonstrated a significant relationship between genetic variation in several ponderosa
pine characters and certain environmental variables at
the seed source. Patterns of variation were predominantly
clinal. Also, a variance analysis indicated significant genetic differentiation within and between families, populations, and groups of populations from the Same habitat
type.
We tested a new concept in this study: the use of habitat
types as an environmental selection parameter. Habitat
typing, which originated in Finland (CAIANDER 1909), is a
method of stratifying forest environments by using groups
of understory species in coimbination with late successional
overstory species as indicators (DAUBENMIRE and DAUBENMIRE
1968, PFISTER
et al., 1974). Since a habitat type is the end
result of plant succession, the climax or mature plant community reflects an integration of all the environmental
factors affecting vegetation.
The standard approach to assessing seed source environments in geographic variation studies is to use regional
weather patterns and a s u m e that all trees in a region are
subject to the Same influences. While this approach often
reveals significant climatic selection factors, the use of
habitat types has a number of advantages. First, habitat
types can reflect local climatic differentes that regional
weather patterns do not account for. Habitat types can also
partially reflect plant competition factors and some soil
variations. In short, habitat typing gives an index of a
population's ecological niche. On a practical level, habitat
types are on-the-ground, identifiable units that can easily
be incorporated into seed Zone delineations. In the northern Rocky Mountains nearly all foresters and forest technicians are now familiar with the current habitat typing
systems. Utilizing habitat types along with traditional
criteria, such as latitude, longitude, elevation, etc., may
increase the accuracy of our seed zoning system.
Materials and Methods
Seed collections
From 1968 to 1971 open-pollinated seed was collected
from each of 434 trees, above average in growth characteristics and form. These trees were selected from 93 wild
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stands in the northern Rocky Mountain-Inland Empire
area - a region extending fmm the Canadian border south
to the Salmon River in Idaho and from the Okanagan
River in Washington east to the Continental Divide in
Montana (Figure 1).
Cones were collected from one to seven trees (usually
five) in each stand. The distance between selected trees
varied: the minimum distance between parent trees was
approximately 20 meters and the maximum was 400 meters,
with an average of around 70 meters. The seedlot from each
parent tree was kept separate and labeled with a family
number.
A bulk stand seed collection from either squirrel caches
or average phemtypic trees was also taken from 42 of the
stands. Bulk stand collections from the other 51 stands consisted of pooled seed from the selected parent trees in those
stands.
The cones were sent to the U.S. Forest Service Nursery
in Coeur d9Alene, Idaho, where the seed was extracted,
cleaned, and stored. After cleaning, 300 seeds per family
were weighed to olbtain an average farnily seed weight.
Experimental Design
The seeds were sown by family in a randomized complete
block design at the Forest Service Nursery in Coeur d'Alene in May, 1972. There were 83 seeds from each family
sown in each of three replicates. Seed were spaced approximately 4 cm apart wlthin plots. Plot size was 15.2 cm X
91.4 cm with 15.2 cnT between plots. Seeds from bulk stand
collections were also sown in three replicates, but with 332
seeds in each plot. Plot size here was 61.0 cm X 91.4 cm.
Seedlings were watered and fertilized the first year. The
second year s&lings were watered only during a dry periold in August. There was no r m t pruning. In April of the
third growing season the seedlings were lifted and pennanently transplanted into two seed orchards and eight test
plantations.
In April 1975 an experiment was conducted in the School
of Fomstry greenhouse in Missoula to determine if seed
weight affects gennination and early seedling growth. In
this experiment 490 seeds from 49 families (representing 10
stands) were weighed and then grown for 8 weeks in containers. For each of the 49 families, 10 weighed seeds, plus
another 90 unweighed seeds, were sown.
Measurement Methods
Seed weight and 14 seedling characters were chosen for
measurement. Many of these characters have economic significance. Al1 were thought to be valuable in assessing enviromental selection pressures. Seedling characters quantified were:
One year height
Two year height
Two year height adjusted for seed weight
Needle length
Needle number per fascicle
Root surface area
Root weight

