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Summary

This paper concerns the morphological analysis of 38
blue and 24 Engelmann spruce from opposite ends (low and
high elevations, respectively) of the Scotch Creek drainage
in southwestern Colorado. The objective was to determine
the suitability of these two groups for use as reference
populations in future studies of natural hybridization be-
tween blue and Engelmann spruce within the drainage.
Forty-three morphological traits were analyzed. A morpho-
logical index including seven qualitative traits (twig pube-
scence, bark texture, branching habit, epicormic branching,
scale apex margin, twig color, scale apex shape) and a
discriminant function based on three quantitative traits
(# stomatal lines, free scale length, needle sharpness) were
able to differentiate the blue and Engelmann spruce in the
study. The blue and Engelmann spruce groups explained
95% of the variance present in the discriminant function.
The probability of misclassification was zero. From a mor-
phological standpoint the reference populations appear ap-
propriate for future investigations of natural hybridization
between blue and Engelmann spruce in the study area.
Key words: natural hybridization, discriminant analysis,

ation.
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Zusammenfassung

Die Arbeit enthilt die Analyse morphologischer Merk-
male von 38 Picea pungens und 24 Picea engelmannii Her-
kiinften aus den héchsten und niedrigsten Lagen des Scotch
Creek Drainage im siidwestlichen Colorado. Ziel der Unter-
suchung war, zu priifen, of diese zwei Gruppen als Be-
zugspopulationen fiir zukiinftige Studien zur natiirlichen
Hybridisierung zwischen Picea pungens und Picea engel-
mannii im Scotch Creek Drainage geeignet sind. Es wurden
43 morphologische Merkmale analysiert. Ein morphologi-
scher Index, der 7 Qualitdtsmerkmale enthilt, (Zweigbe-
haarung, Rindentextur, Zweighabitus, &ullere Beastung,
Knospenschuppenhiille, Zweigfarbe, Knospenschuppen-
form,) und eine Diskriminanzfunktion, die auf 3 quantita-
tiven Merkmalen beruht, (Stomata-Reihen, freie Schuppen-
linge, Nadelspitze), waren geeignet zwischen Picea pun-
gens und Picea engelmannii in dieser Studie zu differenzie-
ren. Die Picea pungens und Picea engelmannii-Gruppen er-
klirten 95% der in der Diskriminanz-Funktion vorhande-
nen Varianz. Die Wahrscheinlichkeit einer Fehlklassifizie~-
rung war gleich Null. Aus morphologischer Sicht erschien
die Bezugspopulation fiir zukiinftige Untersuchungen zur
natiirlichen Hybridisierung zwischen Picea pungens und
Picea engelmannii in dem untersuchten Gebiet geeignet.

Introduction

Blue (Picea pungens Encewm.) and Engelmann (Picea en-
gelmannii Parry) spruce are thought to be closely related
species. Within the geographic area covered by blue spruce
the ranges of both species are nearly identical, although
the species are generally separated altitudinally. Very few
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spruce species in WricHr’s (1955) study exhibited closer
affinities for one another than blue and Engelmann spruce.
DauBenMIRE (1972) found no absolute differences be-
tween these species in any morphological traits, using
samples collected from throughout the range of both spe-
cies. Jones and Bernarp (1977) suggested that the overlap
of certain morphological traits of blue and Engelmann
spruce was probably responsible for several reports of
natural hybridization between these species. The authors
concluded, however, that consideration of several traits
will lead the experienced observer to the correct identifi-
cation of blue and Engelmann spruces.

The most useful morphological traits for taxonomic stud-
ies in Picea appear to be those associated with female
cones (Horron, 1959; TayLor, 1959; WEeAver, 1965; DAUBEN-
MIRE, 1968, 1972, 1974; TavLor et al., 1975; Strong, 1978). A
wide array of other traits have also been used successfully
in taxonomic studies of spruce, however their diagnostic
ability varies with the species under consideration.

The observation of an area of extensive range overlap in
the Scotch Creek Drainage of southwestern Colorado en-
couraged the present authors to investigate the possibility
of natural hybridization between blue and Engelmann
spruce. Previous investigations of this nature were ham-
pered by an inability to completely distinguish between
reference individuals of each species (DAUBENMIRE, 1972; TAY-
Lor et al., 1975; MirtoN and ANpDALORA, 1981). It is clear that
traits must be found which can be used to unequivocaily
distinguish between blue and Engelmann spruce before in-
vestigations concerning natural hybridization between the
species can be undertaken. The purpose of the present study
was to analyze and evaluate a wide array of morphological
traits for their use in differentiating between blue and
Engelmann spruce found at extreme ends (low and high
elevation, respectively) of the Scotch Creek Drainage. This
information will provide the basis for future studies of
natural hybridization between these two species in the
study area.

The Study Area

The Scotch Creek Drainage is part of the Dolores River
watershed in southwestern Colorado, located in Dolores
County about five kilometers south of Rico (Figure 1a). El-
evation of the drainage is 2590 m at the lower end and rises
to over 3050 m at the upper end. The valley floor is narrow
with steep (up to 110%) adjacent slopes. The drainage has
an east-west orientation, with many smaller tributaries
joining it from the north and south (Figure 1b).

Scotch Creek joins the Dolores River in a wide, low, flat
area separated from the rest of the drainage by state high-
way 145. The spruce in this area are not large (max. ht. 16
m, diam. 36 cm), and probably became established naturally
after construction of the original highway through the area.
The spruce within the lower end of the drainage itself
tend to be much larger (often > 51 cm DBH, > 25 m tall),
although smaller trees are also present. The slopes to
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Figure 1. — a) Location of the Scotch Creek drainage, b) topography of the drainage, c) diagram of the study area indicating collec-
tion zones 1 and 5 and the area of range overlap (shaded rectangle).

either side of the creek are rugged, with large rock out-
crops and steep talus slopes. The occurrence of spruce is
limited to single trees or very small groups on the
rocky side-slopes, with greater numbers found in small
stands along the valley floor.

The upper end of the study area terminates at an eleva-
tion of 2970 m, as the areas to the east of this have been
clearcut. At this point the road is well above he valley floor
along the southern (north-facing) slope. The slope is very
steep (90 + %) and littered with many fallen trees (by
natural causes). The area is cool and moist and supports a
fairly dense, mixed stand of Engelmann spruce and subal-
pine fir (Abies lasiocarpa (Hook.) Nurr.). Aspen is also pre-
sent, especially on more open, west-facing, gentler slopes.

Materials and Methods

The trees for this study were sampled in the fall of 1981.
The only requirement was that they bear a crop of at least
30 current year’s cones to provide adequate seed for a pro-
geny test. Trees were located at the extreme lower (blue
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spruce) and extreme upper (Engelmann spruce) ends of the
study area (Figure Ic zones 1 and 5, respectively). Trees
were identified as either blue or Engelmann spruce using
a standard dendrology text (HarLow and HARrrar, 1969),
descriptions published by Jones and Bernarp (1977) for the
Southwest and the authors’ experience gained from work-
ing with these species for several years.

The reference populations were selected based on initial
observations that indicated that each reference population
did not contain any member of the alternative species. It
was anticipated that cones from the first 50 trees meeting
the fecundity requirement would be collected in each area.
Due to a relatively poor seed year this goal was not
achieved. Cones were collected from 38 blue spruce at the
lower end and from 24 Engelmarin spruce at the upper end
of the drainage. Since some of the cones would be used for
measurement purposes it was important that the collec-
tions be unbiased. Sampling bias was reduced by collecting
all of the cones from each branch removed from a tree.
Sampling bias was further reduced by selecting four cones




at random, which were then set aside for measurement
purposes prior to seed extraction. These cones were soaked
in water until they closed before measurements were made.
One scale was removed from the center of each cone. A
total of 17 cone and cone scale traits were measured (Ta-
ble 1). The average value of the four cones or cone scales
for each tree was used in all analyses.

Seed data included the number of seeds per cone, 100
seed weight, percent germination and germination rapidity.
For the germination study 15 seeds from each tree were
placed on water-saturated filter paper in a separate petri
dish for each tree. Each dish was randomly placed on a
growth frame under flourescent lights at a temperature of
25°% C. The experiment was replicated twice. The study was
terminated after 20 days. At that time no seeds had ger-
minated for three days. Percent germination was deter-
mined for each tree in each replication and the average
value was then calculated. A seed was considered to have
germinated when its radicle was as long as the seed itself.
Germination rapidity for each tree was calculated as:

2 seedlots (days to germ. x # of germ. seed)

Rapidity (days) =
pidity{day Total # of germinated seed

(HaNover and WIiLKINSON, 1969).

Seeds were sown in the greenhouse in a randomized
complete block design, with six seedlings per sample tree
plot and four replications. The seedlings were grown un-
der accelerated-optimal-growth conditions (Hanover et al.,
1976). These conditions were maintained for six months, at
which time the seedlings were allowed to enter their dor-
mant stage. After one month in the greenhouse the seed-
lings were scored for hypocotyl color (1 = green, 2 = in-
termediate, 3 = red), and the number of cotyledons for
each seedling was determined. When seedling growth had
ceased, height measurements were made to the nearest
centimeter.

Five morphological traits were recorded in the field, with
each scored on a subjective scale (Table 2). Foliage was col-
lected in the field from each parental selection, and four-
teen foliar traits were analyzed (Table 3). Four foliage

Table 1. — Description of cone and cone scale characters. All
were based on 4 randomly selected cones/tree.
Character Description
®ne length (cm)
Cone width Measured at the middle of the cone (cm)
Cone size (length x width)/10 (Taylor et al, 1975)
Cone ratio length/width (Taylor et al, 1975)
Cone scale length (mm)
Cone scale width (m)

(length x width)/10 (Daubenmire, 1972;
Taylor et al, 1975)

Cone scale size

Cone scale ratio length/width (Daubenmire, 1972; Taylor et al,

1975)

Seed length Measured from the imprint left in the cone
scale (mm)

Seed width "

Seed wing length
Seed wing width
Seed + wing length
Distance from the tip of the seed wing imprint

to the tip of the cone scale (mm)
(Daubenmire, 1972; Taylor et al, 1975)

Free scale length

Percentage of free scale (Free scale length/cone scale length) x 100
(Daubenmire, 1972; Taylor et al, 1975)

Scale apex shape 1 (rounded), 2 (intermediate), 3 (truncate)

Scale apex margin 1 (entire), 2 (intermediate), 3 (erose)

Table 2. — Description of the morphological characters scored in
the field.

Character Description

Bark texture Scored from 1 (smooth (young tree) or scaley
(mature tree)) to 5 (scaley (young tree) or
rough-ridged (mature tree))

Bark color Scored from 1 (red or red-brown) to 5 (gray or
gray-brown)

Foliage color Scored from 1 (yellow-green) to 5 (steel blue)

Epicormic branching Scored from 1 (none) to 5 (extensive)

Branching habit Scored from 1 (non-planar) to 3 (distinctly planar)

Table 3. — Description of foliage characters. All needle characters
were based on 4 randomly selected needles from 2 year old twigs.

Character Description

Maximum # of stomatal lines summed over all
4 sides of the needle

# of stomatal lines

Needle length (um)
Needle width Measured at the middle of the needle, perpendi-~
cular to the axis between the dorsal and ventral
needle surfaces (mm)

Needle thickness Measured at the middle of the needle along the
axis between the dorsal and ventral needle
surfaces (mm)

Needle length/width ——
Neédle width/thickness _—

Needle angle Angle of departure of the needle from the twig

(degrees)

Needles were shortened to 15 mm by trimming each
end equally., The distance from the bottom edge

(at the center of the needle) to the line connecting
the ends of the needle was recorded (mm)

Needle curvature

Amount (gm) of sand required to force needle
through plastic wrap membrane. (see text)

Needle sharpness

Needle stiffness Amount (gm) of sand required to deflect needle

1 mm from the starting position (see text)

Needle sharpness index Needle stiffness/sharpness

Twig color Scored from 1 (tan or pale yellow) to 5 (erange)

Twig pubescence Scored from 1 (densely pubescent) to 3 (glabrous)

Bud scale orientation Scored from 1 (appressed) to 3 (reflexed) on

terminal buds.

samples were lost between collection and measurement.
Except for bud scale orientation all measurements were
made on two-year-old twigs and needles. All needle meas-
urements were based on four needles per tree from which
an average value was determined.

A device was developed to quantify needle sharpness and
stiffness (Figure 2). Needle sharpness was determined by
continuously adding weight (sand) to the balance arm until

Spruce
needle

Clamp ——»V

Press containing
clear plastic wrap

Beaker

Figure 2. — Diagram of the device used to measure needle sharp-
ness and stiffness.

107



the needle punctured the clear plastic wrap membrane
(.052 mil.). Relative needle sharpness was estimated by the
weight of sand (grams) required to puncture the membrane.
Needle stiffness was measured using the same device except
that the needle was placed horizontally between two sup-
ports (spaced 1 cm apart), and the back (rounded) edge of
a single edged razor blade was attached to the balance arm
to apply pressure across the center of the needle. Needle
stiffness was recorded as the weight of sand required to
deflect the center of the needle 1 mm from the starting
position.

Statistical Approach

An approach similar to that of Park and McLAcHLAN (1978)
was used to screen morphological traits for potential dia-
gnostic value in the present study. The qualitative charac-
ters were plotted in frequency histograms to determine
how well species might be distinguished by each charac-
ter. The means, standard deviations, and ranges of the
quantitative characters were also plotted for each species.
Differences between species for those quantitative traits
that appeared to be diagnostic were tested for statistical
significance by Analysis of Variance procedures.

Discriminant analysis (FisHer, 1936) and ANDEersoN’s (1949)
hybrid index technique were used to test the combined
diagnostic ability of the selected variables. Only qualita-
tive traits were used with the hybrid (or morphological)
index, while only quantitative traits were included in the
discriminant analysis. Although there is evidence that the
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Figures 3 a—g. — Frequency histograms of qualitative morphologi-
cal characters of blue and Engelmann spruce that were considered
diagonistic. Open bars = blue spruce, lined bars = Engelmann
spruce.
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linear discriminant function is fairly robust when its un-
derlying assumptions are violated (LAacuenBrRucH and GoLb-
sTEIN, 1979; Knoke, 1982), the authors felt that they would
have greater confidence in their results if qualitative vari-
ables were excluded from the discriminant analysis. All
quantitative variables were standardized before calculation
of the discriminant function. Discriminant analysis has
proved to be a useful tool in studies of species relationships
among forest trees (Clifford and Binet, 1954; MEerGeN et al.,
1965; NamkooNG, 1966; Lepic et al., 1969; Dancik and BarNes,
1975; Frake et al., 1978; Kupray and Hanover, 1980). A step-
wise selection form of discriminant analysis was used in
the present study. This method selects the subset of vari-
ables which best discriminates between the groups under
consideration. The procedure is described by Kiecka (1976).
The probability of misclassification was calculated using
the leaving-one-out or jacknife method (LacHenBrucH and
GOLDSTEIN, 1979).

Results and Discussion

The initial step of graphing the distributions of the mor-
phological traits revealed that seven of 12 qualitative cha-
racters appear to be of diagnostic value in distinguishing
blue from Engelmann spruce (Figure 3a—g). Jones and Beg-
NARD (1977) considered bark texture and color, degree of
epicormic branching, branching habit, and twig color to be
diagnostic in comparisons of blue and Engelmann spruce.
The results presented here agree with their conclusions,
with the exception of bark color. Foliage color, bud scale
orientation, seedling hypocotyl color, number of cotyledons
and seedling height were also found to have little diagnos-
tic ability in the present study. Measures of twig pubes-
cence were used in the studies of Dausenmire (1972), TaYLOR
et al. (1975) and Mirron and ANpALora (1981). Twig pubes-
cence density would appear to be a useful trait in the pre-
sent study as well.

Parker and McLacuHraN (1978) proposed four categories
for determining the diagnostic ability of quantitative traits.
In the present study only two categories were considered,
diagnostic and non-diagnostic. A character was considered
to have diagnostic value if the overlap of its range be-
tween the two species was not greater than 30% of the
total range of both species combined. This cutoff value was
chosen because there was a clear break in the range overlap
values at this point. On this basis 12 of the 31 quantitative
morphological characters were determined to be of value
in differentiating the species (Figures 4a—I). Species dif-
ferences for all of the diagnostic traits were highly signifi-
cant (Table 4).

DausenMigre (1972) suggested that certain measurements of
the ovuliferous scale were most useful in separating the
species. He proposed a taxonomic guide to distinguish be-
tween blue and Engelmann spruce based on these obser-
vations and the nature and density of twig pubescence. The
study of TavLor et al. (1975) generally agreed with that of
Dausenmire. They determined that the percentage of free
scale (see Table 1 for description) and the nature and den-
sity of twig pubescence separated the species. There was
still some slight overlap in these two traits, however. It is
apparent from their data that the length of the median
cone, cone size, cone scale length and free scale length may
also have diagnostic ability (see Table 1 for description).

The results of the present study are generally in agree-
ment with those of Dausenmire (1972) and Tayior et al.
(1975) regarding the usefulness of cone scale and twig
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pubescence measurements in comparisons of blue and En-
gelmann spruce. However, several other measures also ap-
pear to distinguish the species. DauBeNMire (1972) noted that
60 mm is often designated as a critical cone length separat-
ing the shorter Engelmann spruce cones from the longer
blue spruce cones. Individual trees in almost all of his
Engelmann spruce populations had cones exceeding this
length. He also found individual blue spruce with cones
less than 60 mm long. In the present study the use of aver-
age tree values for cone lengths has resulted in a complete
separation of the species. The average length of Engelmann
soruce cones was always less than 60 mm and the average
length of blue spruce cones was always greater (Figure 4b).

It is important to note that all of the spruce analyzed in
the present study occur- at the same latitude, within a nar-
row geographic area. Previous studies have generally in-
volved trees from a rather wide range of latitudes. This
fundamental difference between the present study and ear-
lier investigations may account in part for the apparent in-
crease in diagnostic value for many of the traits evaluated
in the present study when compared to evaluations based
on a broad range of latitudes.

Absolute free scale length, cone width and cone size also
have diagnostic potential, as do the five needle traits, num-
ber of stomatal lines, needle width, thickness and sharp-
ness and needle stiffness/sharpness (see Table 2 for des-
cription). Needle sharpness was used by MirroNn and ANDA-
Lora (1981), however, this trait was measured on a qualita-
tive scale. They found that the variation between blue and
Englemann spruce was significant with blue having the
sharper needles. The quantitative measure of needle sharp-

ness in the present study indicates that blue spruce needles
are indeed sharper than those of Engelmann spruce and
that this difference is highly significant.

The Potential for Species Differentiation Using Discrimi-
nant Analysis and the Morphological Index Technique

The results of the morphological index exemplify the im-
portance of determining the diagnostic ability of traits be-
fore including them in the analysis (Figure 5). The scores
assigned to each trait in the index have been described in
Table 1, 2, and 3. The morphological index was based on a
simple summation of the assigned character values for each
individual in the population. The frequency of individuals
at each score on the index was then plotted in bar chart
form. A tree exhibiting purely Engelmann spruce charac-
ters would receive a score of seven on the index, while a
tree exhibiting purely blue traits would receive a score of
27. The characters included in the morphological index ex-
hibit strong diagnostic ability when taken as a group and
should be of use in future studies of natural hybridization
between blue and Engelmann spruce in the Scotch Creek
study area.

The discriminant analysis was also effective in separating
the blue and Engelmann spruce populations (Figure 6). The
stepwise procedure used in the analysis was very effective
in simplifying the discriminant function, as only three of
the original 12 variables remained in the function. These
variables were the number of stomatal lines, free scale
length and needle sharpness. The blue and Engelmann
spruce groups explained 95% of the variance in the discri-
minant function. The probability of misclassification for
the function was zero. The inclusion of any of the remain-
ing variables provided little, if any, improvement in dif-
ferentiating the species.

Various measures of the number of stomatal rows have
been used in comparions of several spruce species. MorGen-
sTERN and FArrar (1964) and Goroon (1976) found such meas-
ures to be of little use in their studies of red and black
spruce. GarmaN (1957) and Dausenmire (1968) felt that such
measures were useful in comparisons of Engelmann and
white spruce, and Sitka and white spruce, respectively.
DauBeNMIRe’s (1975) measure of dorsiventrality was not
useful in studies of Engelmann and white spruce, however.
DausenmiRE (1972) also used a measure of dorsiventrality for

Table 4. — Degrees of freedom and mean squares showing the
significance of the variation between blue and Engelmann spruce
for 12 quantitative characters of potential diagnostic value.

DF Mean Square
Between Between

Character groups  Error groups Error
# stomatal lines 1 56 422%% 2.65
Needle sharpess index 1 56 206%* 1.61
Needle sharpess 1 56 39784%% 457
Needle width 1 56 1.109%% .0112
Needle thickness 1 56 <8855%% -0093
Cone length 1 60 13000%* 85
Cone scale length 1 60 520%* 2.28
Cone scale size 1 60 2212%% 10.87
Free scale length 1 60 242%% .9075
Cone size 1 60 114135%% 886
Cone width 1 60 320%% 4
Cone scale width 1 60 111%% -9463

** Significant at the .01 level of probability.
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the number of stomatal rows in blue and Engelmann
spruce, but he apparently did not include this value in his
analysis. Three measures of the number of stomatal rows
were included in the study of Mirron and AnpaLora (1981).
The discriminant function including these and several
other morphological variables was unable to completely
separate blue and Engelmann spruce populations. The
present study suggests that a single measure of the num-
ber of stomatal rows is of potential use in distinguishing
between these species. This measure also has the advan-
tage of being relatively easy to make, because no deter-
mination of the needle surface being examined is re-
quired.

DauenMmige (1972) and TAyLor et al. (1975) both considered
the percentage of free scale a diagnostic character. The
results of the present study indicate that free scale length
is more useful than the percentage of free scale in differen-
tiating blue and Engelmann spruce. Free scale length has
the advantage of being easier to determine than the alter-
native measurement.

To our knowledge this is the first study in spruce to
make use of a quantitative measure of needle sharpness.
The importance of this character in distinguishing be-
tween blue and Engelmann spruce is underscored by its
inclusion in the discriminant function.

The results of this study indicate that the discriminant
function defined using quantitative morphological traits
may be useful in detecting possible hybridization between
blue and Engelmann spruce in the study area. Lepic et al.
(1969) and NamkoonG (1966) used discriminant analysis in
a similar manner. Lepic et al. based their discriminant
function on two parental populations and then used this
function to classify a hybrid population resulting from
controlled crosses of the parental species. The distribution
of the hybrid population was intermediate to those of the
parental populations on the discriminant function. Nam-
kooNG also found that discriminant functions were useful
in studies of introgression. However, NamkoonG (1966) and
Apams (1982) have cautioned that discriminant functions
based on two taxa may not be reliable in correctly classi-
fying individuals from a third taxon. If the third taxon
consists of hybrids of the first two taxa and inheritance is
additive, this may not be a problem, as evidenced by the
results of Lebic et al. (1969). If the hybrids exhibit trans-
gressive values on some traits, their classification would
be unpredictable (Apawms, 1982).
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Figure 5. — Morphological index of blue and Engelmann spruce
based on 7 qualitative characters.
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Figure 6. — Discriminant analysis of blue and Engelmann spruce
based on three quantitative morphological characters.

The discriminant function developed in this paper will
be used in a future investigation of natural hybridization
between blue and Engelmann spruce in the Scotch Creek
drainage. The above arguments indicate that it will be ne-
cessary to verify any results based on this function using
another multivariate technique. An F-weighted principal
coordinates analysis (Apams, 1982) or cluster analysis will
be used for this purpose.

The ability of the morphological index and the discrimi-
nant analysis to differentiate between blue and Engelmann
spruce is somewhat at odds with the results of previous
studies of these species (Dausenmire, 1972; Tavior et al.,
1975; MirtoN and ANDALORA, 1981). Three possible reasons
for this present themselves when comparing the present
study with those previouus. The first possibility is that
the present study included only traits with potential
diagnostic value in the analyses. MirtoN and ANDALORA
(1981) apparently did not critically evaluate the morpho-
logical characters in their study for diagnostic ability be-
fore including them in a discriminant analysis. TayLor
et al. (1975) accounted for characters with little diagnostic
value by assigning smaller weights to these than to dia-
gnostic characters. It may have been more useful to simply
eliminate the non-diagnostic traits from further analysis.

The second reason concerns the reference populations
used in the various studies. Apams (1982) noted two pro-
blems associated with obtaining samples of reference in-
dividuals. He suggested that individuals from sympatric
populations may be introgressed and yet, individuals from
allopatric (possibly quite distant) populations may be quite
differentiated from the actual parents involved in hybri-
dizations. Selection of reference populations largely de-
pends on the scope of the research and the inferences one
wishes to make. The present study attempted to use popu-
lations just beyond (about 1.5 kilometers) the range of
overlap of the two species, although four trees tentatively
identified as Engelmann spruce were found in the vicinity
of the blue spruce collections. As indicated by the results
these populations proved to be distinctly different from
one another, and they should provide a better reference
for each taxa within-the remainder of the study area than
would more distant populations. The studies of Dausen-
MiIRe (1972) and Tavior et al. (1975) involved collections
from populations covering a broad geographic range. Their
attempts to detect natural hybridization may have been
hampered using as reference groups allopatric populations




that were generally a great distance from the areas of
suspected hybridization. Perhaps too little is known regard-
ing the genetic variation within each of the species for
such broad-based studies to be successful.

A third possible reason for the greater apparent diffe-
rences between the reference populations in the present
study compared to those of previous studies may be the
existence of an elevational component of environmental
variation in the present study. One interpretation of the
greenhouse seedling study would be that genetic differen-
ces between the species were not nearly as large as in-
dicated by the analysis of the parent trees, suggesting that
elevational differences were relatively large. Although this
may in part be true, two potential drawbacks of the seed-
ling study need clarification. First, relatively few seed-
ling traits were measured, so it is quite possible that more
diagnostic traits were overlooked. For example, the three
most diagnostic traits of mature trees were not examined
in the seedlings. Second, it is also possible that juvenile
morphological traits in blue and Engelmann spruce do
not differ as greatly as mature traits, as the results of the
seedling analysis could be interpreted to indicate. For
these reasons a great deal of weight cannot be placed on
the results of the seedling analysis.

One further note is that the elevational differences
within the study area (~ 380 m) were relatively small
compared to the elevational range of the combined species
in this part of Colorado (~ 1500 m). Associated with this
is that the blue spruce reference population was very near
its altitudinal limit in this area, while the Engelmann
spruce reference population occurred at a fairly low ele-
vation for this species in this area. Again, this suggests
that the differences exhibited by the species in this study
were probably largely genetic. On this basis a poor sepa-
ration of species within the area of range overlap in the
drainage would suggest possible hybridization between
blue and Engelmann spruce. A forthcoming paper will ad-
dress this possibility.
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Short Note: Increased Growth Rate of Uapaca kirkiana Muell. —
Arg. by X-Rays and Gamma Rays

By A. S. Hans and E. S. LINGUMBWANGA

Tree Improvement Research Centre, P.O. Box 21210,
Kitwe, Zambia

(Received 16th March 1984)

Summary
The preliminary experiments have revealed significant

increased growth rate of Uapaca kirkiana seedlings ex-
posed to x-rays and gamma rays. This has given fillip to

Silvae Genetica 34, 2—3 (1985)

the application of radiation-induced mutations on the slow
growing indigenous, multipurpose fruit trees with pos-
sible large scale assistance and cooperation of the Inter-
national Atomic Energy Agency.

Key words: X-rays, gamma rays, Roentgen, Uapaca kirkiana.
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