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Introduction

Grand fir (Abies grandis [Douct. ex. D. Don] LinoL.) and
white or concolor fir (Abies concolor [Goroon and GLenD.]
LinoL. ex. HiLbeer.) are two important and widely distribut-
ed truefirsin the Western United States. Grand fir occurs
primarily in the Pacific Northwest and in the Rocky Moun-
tains from central Idaho to southern British Columbia
Whitefir growsin the southern Cascade, Sierra Nevada, and
Rocky Mountains south of the range of grand fir (LiTTLE,
1971). The southern Rocky Mountains white fir is often
referred to as A. concolor var. concolor and the Sierran to
A. concolor var. lowiana. Presently grand fir and concolor
fir are regarded as morphologically distinct (Table 1). Be-
tween the undisputed ranges of grand fir and whitefir lies
an area in northeastern Oregon and west central 1daho sup-
porting fir populations that are morphologically inter-
mediate and not easily assigned to either spccies.

1) Supported by Mecintire-Stennis, U.S. Department of Agricul-
ture.

Several authors recognize A. concolor as occurring in
these two regions (Davis, 1952 and Peck, 1961). Many dis-
claim its occurrence (McMinn and Maino, 1947; FowkLLs,
1965; and E. L. Lrrree, personal communication, 1975).

These two species hybridize freely in areas of overlap in
California and western Oregon (Hamrick and Lissy, 1972).
There are no reports, however, o verified hybrids occur-
ring in the northern Rocky Mountains.

In central Idaho, south of the Salmon River (approxi-
mately 46° 30' N. Lat.) an intergraded population apparent-
ly exists between concolor fir and grand fir. Jounson (1966)
recognized this morphological complex in west-central
Idaho and tentatively interpreted it as an intergraded pop-
ulation o A. concolor, var. lowiana, A. grandis and trees
which exhibited characteristics of both species. DanieLs
(1969) reported typical grand fir types, intermediate forms,
and concolor-like individuals growing together near
McCall, Idaho. He studied the phenotypic variability of the
population and generally outlined its composition and ex-
tent using a hybrid index technique. Individuals in his

Silvae Genetica 26, 1 (1977)



Table 1. — Morphological differences between grand and white firs,
and grades (included in parentheses) used in computing hybrid
indices.

Trait Expression in

A. concolor A. grandis

Stomatal bands on upper leaf surface Present (= 0) Absent (= 2)

Needle groove on upper leaf surface Absent (= 0) Present (= 2)

Needle tip Not notched ( = Q) Notched (= 2)

Needle arrangement Curve upward 2-ranked (= 2)

and outward (= 0)

Periderm color Yellow (= 0) Red (= 2)

Bark thickness (not included in index) 10-15 cm on 5 cm or less
old trees

Total index value for typical trees 0 10

sample were morphologically intermediate with no pure
types even though the sampled trees were generally most
similar to A. grandis.

Bark periderm color is a characteristic used to separate
grand fir and white fir. The last-formed periderm of both
species is known as necrophylactic periderm. This periderm
in grand fir is reddish-purple while that of white fir is
yellowish (CHang, 1954; Jonnson, 1966; DanieLs, 1969; MuL-
Lick, 1969, 1971). Morphologically intermediate fir popula-
tions resulting from hybridization and subsequent back
crossing to one or both parents such as apparently occur in
central Idaho vary in periderm color, from red to yellow.
Other intermediate populations have shown variation in
the red color from deep reddish-purple to light pink (Da-
NIELS, 1969; ZoBeL, 1973).

This paper reports the morphological variability in the
Abies grandis-Abies concolor var. lowiana species complex
in central Idaho. It also relates periderm color to incidence
of decay.

Procedure

Stands were located on a variety of sites on the Payette
and Boise National Forests, on State Forests, and pri-
vate land in west central Idaho. Plot centers were ran-
domly located within each selected stand. At each of 110
plots, 10 fir trees were randomly selected for evaluation of
periderm color and incidence of decay by increment bor-
ing. Periderm color was examined and classified either red
or yellow. The color variation in our sample was discret
and all periderm could easily be classified into these two
color classes.

The principle decay fungus associated with grand fir in
central Idaho is the Indian paint fungus (Echinodontium
tinctorium E. & E.). It causes a heartrot and its presence is
readily detected by increment boring. Increment cores col-
lected from all sample trees were cultured to isolate and
identify fungi present.

At each of 28 randomly selected plots, two trees were
randomly selected and felled. Branches for study were col-
lected from the outside margin of the middle of the crown
of each such tree. For each tree, four leaf and one bark char-
acteristic were measured, and a hybrid index was computed
according to the scheme outlined in Table 1. Total index
values could vary from 0 (most similar to white fir) to 10
(most similar to grand fir).

Results and Discussion
Of the 1,100 trees studied, 475 = 43% had red periderm
and 625 = 57% had yellow periderm characteristic of white
fir.

Cores from 398 individual trees yielded positive cultures.
E. tinctorium was the most common fungus found and ap-
peared in more than 97 percent of the cores. Other fungi
contributing a minor amount of decay included: Armillaria
mellea (Vanr.) QueL., Fomes roseus Fr.,, Hydnum abietus
WEiRr., and Stereum sulcatum Burr in Peck. The proportion
of yellow-periderm trees showing evidence of decay was
lower (210 trees = 33.6%) than was the proportion of red-
periderm trees showing evidence of decay (188 trees —
39.6%). This difference: while not large, was statistically
significant at the 5% level: A Chi-square analysis gave a
Chi-square value of 4.11, with 1 d.f. The basis for this
may be genetic variability in the tree populations resistance
to the heartrotting fungi, or, variability in susceptibility
caused by microclimatic differences either favoring or
restricting fungal development.

The mean hybrid index for the 56 felled trees was 5.9,
indicating slightly greater phenotypic similarity to grand
fir (index value = 10) than to white fir (index value = 0)
(Figure 1). Intermediacy in one character often is accom-
panied by intermediacy in others. The foliar traits varying
together possibly are genetically linked polygenic char-
acters but progeny testing would be necessary to validate
this.
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Fig. 1. — Relative frequency of 56 trees by hybrid index classes.

Periderm color does not seem to be linked with foliar
characters. Individuals having grandis-like foliar char-
acteristics often have yellow bark and those tending to-
ward concolor foliar characteristics may be red barked.

In general this population tends to morphologically re-
semble A. grandis more than A. concolor var. lowiana sug-
gesting a history of introgression with back crossing to
parental grand fir. Fir populations sampled in eastern
Oregon have shown similar results (Hamrick and Lisny,
1972).

Ecologically, true grand fir and concolor fir are quite
dissimilar. Grand fir occurs most abundantly on cool, moist
sites where it frequently has considerable heartrot. Con-
color fir occurs on relatively xeric sites and generally has
a lower incidence of heartrot. The hybrid in central Idaho
seems intermediate in decay incidence and site moisture
preference when compared to grand and concolor fir. These
traits may be due to the presence of genes from white fir.

The hybrid obviously has selective advantage. Recogni-
tion and further study are essential to its understanding
and proper management in this region of Idaho.
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Summary

An intergraded population of Abies is reported in central
Idaho between Abies grandis and Abies concolor. Its pres-
ence probably reflects a history of introgression and sub-
sequent back crossing to parental grand fir. Analysis of
1100 trees for bark periderm color and decay by increment
boring and 56 trees for foliar characteristics indicates an
intermediate population. Periderm color tends to vary in-
dependently from foliar traits. Trees with yellow periderm
have less incidence of decay than those with reddish peri-
derm. The most common fungus isolated from decayed
wood was Echinodontium tinctorium E. and E.

Key words: Abies grandis, Abies concolor, Echinodontium tinc-

torium, hybridization.

Zusammenfassung

Es wird liber eine Hybridpopulation zwischen Abies gran-
dis und Abies concolor in Zentral-Idaho berichtet. Ihre Exi-
stenz ist vermutlich auf Introgression mit nachfolgender
Riickkreuzung zuriickzufiihren. Die Untersuchung von 1100
Individuen auf Peridermfarbe sowie andere Rinden- und
Blattmerkmale hin 148t den Schluf3 auf eine Zwischenpo-
pulation zu. Peridermfarbe und Blattmerkmale korrelieren

nicht. Biume mit gelbem Periderm sind gegeniiber Echino-
dontium tinctorium E.a.E. resistenter als solche mit rotli-
chem Periderm.
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Isoenzyme Variation of Coastal Douglas-fir
I. A Study of Geographic Variation in Three Enzyme Systems’
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Introduction

Genetic polymorphism or individual variation in mor-
phological, phenological, physiological, and biochemical
characters in natural populations of Douglas-fir (Pseudo-
tsuga menziesii (Mire.) Franco) indicates fairly high hetero-
zygosity in the gene pool of this species. By review of
papers published by Cuinc et al. (1965) and others, STerN
(1968) postulated the existence of genetic polymorphism of
strobilus color as well as needle color in Douglas-fir. These
characters were thought to be under the control of “com-
plex loci” or “supergenes”. The controlling mechanisms,
however, could not be effectively explored and analyzed
by traditional methods such as provenance trial, study of
inheritable quantitative traits, investigation of rare reces-
sive mutants, or cytogenetic studies.

Information on the distribution of allelic variation in
natural populations can be obtained with the aid of electro-
phoretic analysis of isoenzymes. This is because enzymes
are composed of polypeptides synthesized by the action of
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one or more structural genes. The electrophoretic varia-
tions of enzymes can be directly related to changes in gene
structure or codon sequence and always follow Mendelian
segregation in ideal populations. The objectives of this
study were to reveal the existence and patterns of poly-
morphism in three enzyme systems, leucine aminopeptidase
(LAP), esterase (EST), and glutamate oxaloacetate trans-
aminase (GOT), and to analyze the extent of genetic dif-
ferentiation among Douglas-fir provenances in terms of
changes in allele frequency.

Literature Review

The applicability of electrophoretic separation of enzymes
and proteins to the study of geographic variation in forest
trees has been evidenced by several reports. Lewis and
Cecu (1969) found a high uniformity within a geographic
area in acid phosphatase, leucine aminopeptidase, and
peroxidase among trees of black cherry (Prunus serotina
Eurn.). FeErer and Stairs (1971) indicated that, of the eight
electrophoretic variants of peroxidase in Ulmus pumila L.,
three were seed-source specific and five exhibited varying
frequencies in most seed sources.

Hare and Switzer (1969) reported that the electrophoretic
patterns of seed proteins from western sources of loblolly
pine (Pinus taeda L.) are more similar to those of shortleaf
pine (P. echinata MiiL.) than are the eastern sources. Ester-
ase zymograms of needles of clonal grafts representing 16
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