This file was created by scanning the printed publication.
Errors identified by the software have been corrected;
however, some errors may remain.

Heredity (1979), 43 (3), 383-397

ECOLOGICAL ADAPTATIONS IN DOUGLAS-FIR
(PSEUDOTSUGA MENZIESII var. GLAUCA) POPULATIONS

[. NORTH IDAHO AND NORTH-EAST WASHINGTON

GERALD E. REHFELDT

Intermountain Forest and Range Experiment Station, Forest Service, U.S. Department of
Agriculture, Ogden, Utah 84401, U.S.A.
(located at Moscow, Idaho 83843, US.A.)

Received 26.vi.79

SUMMARY

Growth, phenology and frost tolerance of seedlings from 50 populations of
Douglas-fir (Pseudotsuga menziesii var. glauca) were compared in 12 environments.
Statistical analyses of six variables (bud burst, bud set, 3-year height, spring
and fall frost injuries, and deviation from regression of 3-year height on 2-year
height) showed that populations not only differed in mean performance, but
also reacted differently to the environmental gradient. Most of the population-
environment interaction was attributable to heterogeneous regressions of
population means on environmental means. For all variables except growth
rate, the variance of heterogeneous regression coefficients was explained by
convergence of regression lines to a common point on the environmental
gradient, Consequently, mean values for populations were significantly
correlated with regression coeflicients. Thus, main effects of populations in
those single environments that induced the greatest mean differences reflected
the interaction.

Multiple regression analyses associated adaptive differentiation of popula-
tions with geographic and ecologic characteristics of the seed source. Differen-
tiation was controlled primarily by elevation and secondarily by latitude.
Whereas longitude was a minor factor, habitat types accounted for no differen-
tiation beyond that associated with elevation, a factor closely correlated with
habitat types. From these results it is recommended that seed for reforestation
should not be moved more than 140 m elevation, 1-6 degrees latitude, or 2:7
degrees longitude in northern Idaho and eastern Washington.

1. INTRODUCTION

EcorocicaL adaptations within northern Rocky Mountain Douglas-fir
(Pseudotsuga menziesii var. glauca) differentiate populations from contrasting
physiographic and ecological provinces (Rehfeldt, 1979a). The growth
potential, phenology, and cold hardiness of seedlings from northern Idaho
and eastern Washington differ from those of trees from Montana (Wright
etal., 1971 ; Rehfeldt, 1979a, b). Also, seedlings from relatively cold environ-
ments differ from seedlings representing warm environments (Rehfeldt,
1979a, b, ¢). Nevertheless, physiographic and ecologic provinces account
for only a portion of the genetic variance in numerous traits (Rehfeldt, 1979a).
Considerable genetic diversity exists among populations within provinces and
within populations (Rehfeldt, 1978, 1979a).

Adaptive variation is basic to the delineation of seed zones and develop-
ment of seed transfer rules. According to CGampbell and Sorensen (1978), the
need for seed zones in artificial afforestation was recognized long ago. In
seed zoning, forest lands are stratified into units within which interactions
between genotype and environment approach zero. Estimates of genetic
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components of variance within zones allow prediction of the genetic gains
possible when maladaptation is minimized.

The present study is one of a series on the ecological genetics of the Rocky
Mountain variety of Douglas-fir. The study was designed to assess variation
in growth potential and in the periodicity of shoot elongation among popula-
tions from a single physiographic province: northern Idaho and north-
eastern Washington. The current data are combined with those involving
variation in patterns of Ist-year elongation (Rehfeldt, 19795} and variation
in cold acclimation (Rehfeldt, 1979¢) to develop seed zones and seed transfer
rules from patterns of adaptive variation.

2. METHODS

In the selection of 50 populations (fig. 1) to study genetic differentiation,
an attempt was made to reduce confounding of latitudes, longitudes, eleva-
tions, and habitat types represented by the populations. A lack of correlation
among physical characteristics of the seed sources reduces possibilities of
spurious correlations between genetic variation and geographic, physio-
graphic or ecologic criteria. Nevertheless, statistically significant (1 per cent
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Fic. 1.—Location of populations. Shaded area represents a general distribution of forested
lands.
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level) associations between latitude and longitude (r = 0-34) and between
elevation and habitat type (R? = 0-25) were represented by the populations
chosen. While the former correlation arises largely from the distribution of
forested lands within the region of study (fig. 1), the latter is derived from a
general altitudinal distribution of habitat types, recurring climax plant
communities (Daubenmire and Daubenmire, 1968). Habitat types were
classified according to the five major series common in northern Idaho and
eastern Washington, and are listed according to a general ascending alti-
tudinal distribution: Pseudstsuga menziesii, Abies grandis, Thuja occidentalis,
Tsuga heterophylla, and Abies lasiocarpa (Daubenmire and Daubenmire, 1968).

Cones that had received natural wind pollinations were collected from
each population in years when cone production was generally high. At least
10 trees were represented in collections for each population. Seedlings were
grown for | year in plastic tubes (65 cm?) in a shadehouse at Moscow, Idaho.
One-year-old seedlings were transplanted into 12 contrasting environments
(table 1). Twelve seedlings were planted in row plots for each of two
replications in each environment. Rows were separated by 10 cm; 8 cm
separated seedlings within rows.

At Moscow, elevation 700 m, eight environments were created by altering
natural prairie conditions with combinations of shade, soil mix, and watering
regimes (table 1). Moist levels of soil moisture were maintained with weekly
irrigations; dry levels received natural precipitation. Shade cloth was
suspended 1 m above shaded environments. Four plantings were established
at the Priest River Experimental Forest, located 190 km north of Moscow.
Two of these plantings were established in a nursery (670 m elevation) and
two at North Ridge, a subalpine environment at 1500 m elevation. Although
the residual soil was used in the last two plantings, rocks, roots, and com-
peting vegetation had been removed before tilling. All plantings at Priest
River received natural precipitation.

Phenology, growth, and frost tolerance of seedlings were assessed from the
following scores and measurements obtained for each population in all
replications:

(1) Bud burst: the day after st April during the third growing season
that 50 per cent of the seedlings had burst terminal buds.

(2) Bud set: the week during the third growing season by which 50 per
cent of the seedlings had set terminal buds.

(3) Height: average seedling height after 3 years of growth.

(4) Growth rate: average deviation from regression of 3-year height on
2-year height; an index to the rate of growth from a constant height
at age 2.

(5) Spring frost injury: proportion of seedlings injured by spring frosts
during the third growing season.

(6) Fall frost injury: proportion of seedlings injured by fall frosts during
the third growing season.

The response of seedlings from individual populations to the 12 environ-
ments was assessed by joint regression analyses (Perkins and Jinks, 1968).
The joint regression analysis, a form of the analysis of variance, allows
detailed examination of genotype-environment interactions (Freeman, 1973).
A regression coefficient, computed by regressing mean values of genotypes
from several environments on environmental means, can be used to describe
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genotypic response to an environmental gradient (Yates and Cochran, 1938;
Finlay and Wilkinson, 1963). The joint regression analysis can then be used
to measure the portion of the variance for genotype-environment interactions
that is due to heterogeneity of regression coefficients among genotypes
(Eagles et al., 1977). Thus, the total genotype-environment interaction is
partitioned into components due to regression and deviation from regression.
Moreover, the tendency of regression lines to converge at a single point on
the environmental gradient can also be tested (Eagles et al., 1977).

Joint regression analyses were used for only bud burst, bud set, height,
and growth rate; injuries from frost occurred in too few environments for
practical application of regression analyses. Measurements of height were
transformed to logarithms because variances were proportional to the square
of mean values (Steel and Torrie, 1960). The joint regression analyses used
the model of random effects presented by Perkins and Jinks (1968) and
illustrated by Eagles ¢t al. (1977):

Yie = ptpites o+ B+ 8;+diy,

where Y;, is the performance of population 7 in replicate £ of environment j,
w is the overall mean, p; is the contribution of population i, ¢; is the con-
tribution of environment j, r;, is the contribution of replicate £ in environ-
ment j, B; is the linear regression coefficient for population 7, §,; is the
deviation from regression, and d;, is the residual variation.

As described by Eagles et al. (1977), the sum of squares for heterogeneity
of regression coefficients was partitioned into components for convergence
and non-convergence according to the relationship of Mandel (1961):

s = r2H?

ij

where s is the sum of squares for convergence, r is the simple correlation
between the mean performance and the regression coeflicient, and H?2is the
sum of squares due to heterogeneity of regressions.
Analyses of variance for frost injuries were made from a model of random
effects:
Yip = ptpite+rp+gi+di

for which symbols are defined above except for g;;, the effect of the interaction
of population ¢ in environment j.

Variation among populations was related to geographic and ecologic
criteria of the seed source with the model:

Yy = byt b, Xy +byXs5. .. +b:X;5

where:

Y, = performance of population i.

X;, to X;, = constant terms (values of zero or one) that code the Pseudot-
suga menziesii (X,), Abies grandis (X,), Thuja occidentalis (X,), or Abies lasiocarpa
(X,) habitat type for population :.

X5 = degrees latitude at the origin of population .

X,s = degrees longitude at the origin of population 1.

X,, = metres elevation at the origin of population .

Under this model, effects of the Tsuga heterophylla series of habitat types
are included within the intercept (by). Consequently, the regression co-
efficients for constant terms (b, to b,) reflect deviations from the mean value
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for seedlings from the Tsuga heterophylla series of habitat types. For all
multiple regression equations, residuals from regression were examined
visually in relation to predicted and observed variables to ensure that error
variances were homogeneous and that no evidence existed for lack of fit of
data to the regression equation (Draper and Smith, 1966). Results of
multiple regression analyses provided bases for delineation of seed zones and
development of seed transfer rules.

3. REsuLTs

The 12 environments exerted considerable influence on growth,
phenology, and frost injury to seedlings (tables 1 and 2). Compared to
seedlings at Moscow, bud burst was delayed about 3 weeks at the Priest River
nursery and about 7 weeks at North Ridge. In conjunction with delayed
bud burst, seedlings at North Ridge escaped the spring frost damage that
occurred in all other environments not protected by shade cloth. Although
bud set occurred over an interval of 6 weeks, the effects of delayed bud set at
North Ridge are the most apparent; succulent tissues were exposed to frosts
in late September. In fact, some seedlings at North Ridge incurred frost
injuries before terminal buds were set.

Effects of environment on seedling height and on growth rate are readily
interpretable from the amount of frost injury and from the imposed
environmental conditions. For instance, a negative value for growth rate
characterised the average seedling in those Moscow environments in which
spring frost damage occurred. The small stature and negative values for
growth rate of seedlings at North Ridge generally reflected a short cool
growing season and fall frost injuries. Thus, even if all seedlings had been
of equal height at age 2, those at North Ridge would still be the smallest at
age 3. Conversely, a Moscow environment of abundant moisture, partial
shade, and a peat and vermiculite substrate produced the tallest and fastest
growing seedlings.

In addition to illustrating strong main effects of populations, the joint
regression analyses showed that significant interactions between populations
and environments were significantly influenced by heterogeneous regression
coefficients among populations (table 2). Deviations from regression also
were significant for three of the four variables subjected to joint analyses.
Yet, mean squares for deviations from regression were only slightly larger
than residual mean squares; statistical significance most likely was induced
by a large number of degrees of freedom rather than by a poor fit to the
regression model (fig. 2).

Variance of heterogeneous regressions for bud burst, bud set, and height
resulted entirely from convergence of regression lines (table 2). Thus, as
illustrated in fig. 2, regression lines for bud burst, bud set, and height tended
to converge at a single point on the environmental gradient and radiated
away from that point with varying slopes. As pointed out by Eagles et al.
(1977) and observed by several others {Eberhart and Russell, 1966; Perkins
and Jinks, 1968; Morgenstern and Teich, 1969; Fatunla and Frey, 1974),
convergence occurs when mean values across all environments are correlated
with the regression coefficients. For both convergence and non-convergence
to be significant for growth rate simply reflects a weaker relationship between
means and regression coefficients than for the other variables. Consequently,
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significant correlations (1 per cent level) between population means and
regression coeflicients are evident for all variables (fig. 3).

Although data on frost injuries were not subjected to joint regression
analyses, results of such an analysis are readily envisioned. Regardless of the
analyses of variance, population-environment interactions existed simply
because differential damage was attributed to populations in some environ-
ments, but no such damage occurred in other environments. Consequently,
convergence occurs at zero injury on the environmental scale and regression
lines radiate from zero at varying slopes toward points of maximal frost
injuries.

The analyses presented previously provided two statistics for each variable
that were suitable for relating population performance to geographic and
ecologic conditions of the seed source: mean values for populations across all
environments, and regression coefficients of population means on environ-
mental means. Both statistics were used as dependent variables in multiple
regression analyses. However, because of the strong relationships between
means and regression coefficients, results of analyses for bud burst and bud
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F1G. 2.—Regression of population performance (ordinant) on environmental means (abscissa)
illustrated by populations of maximum contrast for each variable. Solid or open dots
show dispersion of observed values for each replication about regression lines.



ECOLOGICAL ADAPTATIONS IN DOUGLAS-FIR 391

set were essentially the same regardless of whether dependent variables
involved regression coefficients or means. But, means for height and for
growth rate provided a much better fit to multiple regression models than
did regression coefficients; in fact, values of R? for height and growth rate,
respectively, were altered from non-significant values of 0-22 and 0-15 to
significant values (1 per cent level) of 0-51 and 0-40 when mean values were
substituted for regression coefficients, Consequently, in the results of
multiple regression analyses that follow, population means were used as
dependent variables.

Multiple regression analyses were first made with data from all 50
populations. However, visual assessment of relationships among predicted
and observed values showed that the three populations of greatest longitude
(fig. 1) drove relationships between longitude and population performance
that were not evident for the remaining 47 populations. For instance, the
simple correlation between longitude and mean week of bud set was reduced
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from a significant (5 per cent level) value of —0-35 to 0-01 after the three
populations were eliminated. Consequently, the three populations of
greatest longitude seemed to represent provinces that differ from the northern
Idaho and eastern Washington province like the Idaho and Washington
province differs from those of western Montana (Rehfeldt, 1979¢) and

TasLE 3

Regression statistics for multiple regression models for relating mean performance of 47 populations to geographic and
ecologic conditions of the seed source

Variable
r A TN
Spring Fall
Independent Regression  Bud Bud Growth frost frost
variable statistic burst set Height rate! injury injury
Habitat series:
P. menziesii by —1874 —0-316 —-0-0200 —0-00114 —0-327 —0-597
A. grandis by —0-167  —0-081 0-0094 0-00769 1:709 3-181
T. occidentalis b3 —1-097 0-006 0-0470 0-00299 2-498 9-765
A. lasiocarpa by 0-747 0-203 0-0541 0-00039 7-274 7-745
Latitude b 0-089  —o0-101 —0-0258 0-00131  —1-838  —3:253
Longitude be ~0400 —0-019 0-0117 0-00684  —0-417 3-281
Elevation by 0-004  —0-001 —-0-0003  —0-00005 —0-019 —0-032
bo 29-795 8:219 5-7220 1-27479 82-076 68-952
R? 0-29* 0-31* 0-42%* 0-31* 0-22 0-36**
Syx 2-162 0-445 0-095 0-022 7-901 11-35

! Deviation from regression of 3-year height on 2-year height.
* Statistical significance at the 0-05 level of probability. ** Statistical significance at the 0-01 level of
probability.

TaAsLE 4

Standardized partial regression coefficients (b') for the quantitative independent variables represented in
multiple regressions of population performance on environmental characteristics of the seed source

Variable
r A TN

Spring Fall
Bud Bud Growth frost frost

burst set Height rate! injury injury
Latitude (Xs) 0-04 —0-22 —0-28 0-08 —0-24 —0-27
Longitude (Xj) —0-12 —0-03 0-07 0-19 —0-03 0-17
Elevation (X7) 0-37 - 0-59 —0-67 —0-44 ~0-52 —0-54

! Deviation from regression of 3-year height on 2-year height.

southern Idaho (Wright et al., 1971). Therefore, results of multiple regres-
sion analyses (table 3) are based on mean values for 47 populations, even
though values of R? were reduced by about 0-10 when the three populations
were eliminated.

Effects of the continuous independent variables of latitude, longitude, and
elevation, on variation among populations can be assessed from standardized
partial regression coeflicients which indicate the relative influence of
independent variables in determining the dependent variable. These co-
efficients (table 4) show that elevation of the seed source dominates the
determination of all variables; latitude is of secondary importance.
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The constant terms for the four series of habitat types (&, to b,) in the
multiple regression model are deviations from the mean value for the habitat
type (Tsuga heterophylla) not represented by a constant term. That none of
the constant terms is significantly different from zero shows that mean values
for all habitat types did not differ from the mean value of seedlings from the
Tsuga series. However, for all but two variables, effects of the Pseudotsuga
and Abies lasiocarpa habitats contrasted the most. Moreover, previous
research (Rehfeldt, 19794, b) suggested that seedlings from the relatively cold
Abies lasiocarpa habitat types are genetically differentiated from seedlings from
other habitat types. However, for the populations included in multiple
regression analyses, the occurrence of habitat types was related to elevation

TaBLe 5
Simple correlation cogfficients relating mean performance of populations

Spring Fall

Bud Bud Growth frost frost
burst set Height rate! injury injury
Bud burst — -0-07 —0-27%  —0-35** 0-03 —0-21
Bud set — — 0-86** 0-64%* 0-74%* 0-75%*
Height — — — 0-68%* 0-79%* 0-70**
Growth rate — — — — 0-5]%* 0-48%*
Spring frost injury — — — — — 0-57%*
Freezing injury :2
Phase 1 —0-20 0-59%* 0-69%* 0-34%* 0-55%** 0-67**
Phase 11 —0-15 -0-28 —0-27 -0-25 —0-33** —0-12
Proportion trees®
with one growth
period 0-28 ~0-69%*% —(0.78%* (0-53** —0-50*%*% —0-63**

! Deviation from regression of 3-year height on 2-year height.

2 From Rehfeldt, 1979¢.

3 From Rehfeldt, 19795.

* Statistical significance at the 5 per cent level of probability.
** Statistical significance at the 1 per cent level of probability.

(R? = 0-28*);and for the region in general, Abies lasiocarpa habitat types tend
to occur at high elevations while those of the Pseudotsuga habitat types tend
to be at low elevations (Daubenmire and Daubenmire, 1968). Consequently,
mean differences associated with habitat types may simply reflect indirect
effects of elevation that are mediated through an intercorrelation between
elevation and habitat type. The lack of significant differences among
regression coefficients b, to b, implies that habitat types account for little
variation in addition to that associated with elevation; a conclusion similar
to that of Rehfeldt (1979c) for Pseudotsuga menziesiivar. glauca and by Campbell
and Franklin (1979) for P. m. var. menziesii.

Many of the variables measured in the present and previous studies seem
to reflect a highly intercorrelated network of traits (table 5). Population
means for growth, frost injuries, and bud set are highly correlated. These
same variables are strongly related to freezing injuries (Rehfeldt, 1979¢)
during early autumnal stages of cold acclimation (Phase I). Furthermore,
the proportion of seedlings in each population that expressed a single period
of growth during the first growing season (Rehfeldt, 19796) also seems to be
an integral part of an intercorrelated network. Only bud burst and freezing
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injury during deep winter dormancy (Phase II) are poorly correlated with
most variables.

4, DiscussioNn

The results illustrate conditions for which regression techniques are ideal
for the selection of genotypes that are the best adapted and the most pro-
ductive for a particular segment of an environmental gradient. Most of the
genotype-environment interaction was explained by heterogeneity of
regressions; convergence determined heterogeneity for all but one variable,
and convergence occurred within the range of environments tested (Perkins
and Jinks, 1968; Eagles ¢t al., 1977). However, in the present paper regres-
sion techniques were not used for the selection of genotypes but were used for
comparing the response of populations to an environmental gradient. For
two variables, bud burst and bud set, convergence of regression lines was so
strong that mean values were highly correlated with regression coefficients;
variance among population means explained nearly all of the variance of
heterogeneous regressions. Moreover, variation among populations for
spring and fall frost damage was interpreted as was variation for bud burst.

Mean values of height and growth rate were also significantly correlated
with regression coefficients. However, in comparison to regression co-
efficients, population means expressed higher intercorrelations among
variables and a better fit to multiple regression models. Evidently the
estimation of regressions in the joint analysis masked population variation in
height and growth rate that was vital for assessing population differentiation.
It seems that population means for variables that express environmental
adaptations fully indexed the response of populations to the environmental
gradient. For all variables assessed in this study, main effects of populations
in those single environments that induced the most variation among popula-
tions also included population-environment interactions.

Thus, this study, designed to assess interactions between populations and
environments, could have been accomplished without loss of information
with tests in only two environments. Maximum variation among populations
in bud set occurred at North Ridge; that for bud burst, height, and growth
rate occurred in environment 7 at Moscow (table 1). Even though spring
and fall frost damage was observed in specific environments, studies of frost
hardiness are more feasible with laboratory tests than with field tests which
must rely on a fortuitous sequence of weather cycles (Levitt, 1972).

Differentiation of populations was evidenced by concomitant variation in
several variables. Strong intercorrelations seemed to reflect a network of
closely related traits. Consequently, relative effects for independent variables
in multiple regression models were consistent for the determination of all
variables except bud burst; most noticeable was the strong effect of elevation.
Thus, an intercorrelated network of traits seems to represent adaptation of
populations to the cold, a relationship that was earlier interpreted as
reflecting differentiation of populations from Abies lasiocarpa habitat types
from those of other habitats (Rehfeldt 19794, b,). Thus, in comparison
to seedlings from low elevations, those from relatively cold subalpine environ-
ments at high elevations are characterized by a single flush during the first
growing season, delayed bud burst, early bud set, small stature, low growth
rate, and rapid rates of cold acclimation. All of these characters seem to
represent adaptation of the period of shoot elongation to the cold.
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The physiologic mechanism for adaptation of the period of shoot elonga-
tion to the cold is readily envisioned from patterns of shoot elongation in
juvenile Douglas-fir., While multiple flushes are common in juvenile trees,
the number and extent of flushes is dependent on provenance (Irgens-Moller,
1968 ; Rehfeldt, 19795). Although the number of flushes was not scored in
the present study, those trees that flushed twice were initiating their second
flush at North Ridge when bud set was occurring elsewhere. Fall frost injury
at North Ridge seemed related to the extent of the second flush. Thus, for
juvenile trees, genetic attunement of shoot elongation to the environment
seems expressed in the control of tendencies for multiple flushes. Quite
surprisingly, adaptive differences among populations in the periodicity of
shoot elongation can be recognised during the first season of growth by the
proportion of seedlings that flush only once.

Adaptive differentiation of populations forms bases for delineation of seed
zones and for development of seed transfer rules. Results of the joint

TABLE 6
Geographic distances associated with mean differences among seed sources that correspond to a significance
level of 80 per cent.
Variable
(o —A =
Spring Fall
Bud Bud Growth frost frost
burst set Height ratel injury injury
Latitude (degrees) i2-2 5-1 i6 26-2 4-7 57
Longitude {degrees) 27 26-2 40 50 20-7 57
Elevation (metres) 274 386 136 708 447 587

1 Deviation from regression of 3-year height on 2-year height.

regression analyses allowed calculation of mean differences among popula-
tions that were associated with least significant differences (Isd) at various
levels of probability (Steel and Torrie, 1960). Multiple regression models
were used to calculate the distances in longitude, latitude, and elevation
required to alter the dependent variables an amount equal to the mean
differences derived above for various levels of statistical significance.

Geographic distances associated with mean differences among popula-
tions that were significant at [sdy 4 are given in table 6. Distances associated
with a relatively low level of probability (Isdy.g) are presented because the
primary objective in seed zoning is to provide seedlings adapted to the
environments in which they are planted. Type II errors, acceptance of no
difference among populations when differences actually exist (Steel and
Torrie, 1960), are to be avoided. Geographic distances associated with
Isdy 5 are approximately one-half those presented in table 6; distances for
Isdy.o5 are greater by a factor of 1-5. Consequently, the distances presented
in table 6 seem suitably conservative for avoiding Type II errors but
sufficiently large to have practical application.

Table 6 implies that seed zones should be no larger than 140 m elevation,
1-6 degrees latitude or 2:7 degrees longitude. Units of this size are also
compatible with variation in cold hardiness (Rehfeldt, 1979¢) and variation
in patterns of Ist-year elongation (Rehfeldt, 19795). However, previous
reports also concluded that relatively cold Abies lasiocarpa habitat types
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represent an additional zone of differentiation (Rehfeldt, 1979a, 5). But the
current analyses like those of cold acclimation (Rehfeldt, 1979¢) show that
habitat types account for no more variance than can be attributed to
elevation alone. Consequently, there is no need for Abies lasiocarpa habitat
types to form a separate seed zone.

Relatively broad seed zones and liberal seed transfer rules seem com-
patible with the system of genetic variability displayed by Douglas-fir in the
region of study. Genetic adaptation of populations occurs along environ-
mental gradients. However, less than half of the genetic variance among
populations for the present study and previous (Rehfeldt, 19795, ¢)
studies could be explained by environmental gradients. Some of the un-
explained variance results from random patterns of differentiation that occur
within single drainages (Rehfeldt, 1974). And as much genetic variation
exists among trees within populations as between populations within the
region of study (Rehfeldt, 1979a). Genetic variances within families are
high, largely because individual trees are highly heterozygous (Rehfeldt,
1978).

The system of genetic variability displayed by Douglas-fir of the northern
Rocky Mountains includes free genetic variability at all levels of organization.
This system provides for environmental adaptations while retaining flexibility
and resiliency for evolution. A strategy of tree improvement that is consistent
with the natural genetic system should include relatively broad seed zones
and liberal seed transfer rules. In fact, because large amounts of adaptive
variation are anticipated within zones, delineation of zonal boundaries may
be influenced by economic factors, such as the costs of seed collection, nursery
operation, and plantation establishment.

Studies on the ecological genetics of northern Rocky Mountain Douglas-
fir will continue. Present results will be compared with adaptive differen-
tiation of populations in western Montana and southern Idaho, two provinces
where Douglas-fir populations are genetically differentiated from those of
northern Idaho and eastern Washington (Wright et al., 1971; Rehfeldt,
1979a, ¢).
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