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The genus Picea is composed of some forty species and
presents problems in systematics that are unique among
coniferous genera. The spruces are distributed throughout
the northern hemisphere but of particular interest to forest biologists for many years have been the Northeastern
and Northwestern complexes of North American species
(W RIGHT, 1955). The Northeastern complex includes P.
rubens and P. mariana and the Northwestern complex includes P. glauca, P. engelmannii, P. pungcns, P. sitchcnsis.
and P. breweriana.
Within each complex the ranges of species overlap somewhat and the two complexes themselves are bridged by the
vast, overlapping ranges of P. glauca and P. mariana, although these two species are not known to hybridize readily. Natural hybridization does occur between sympatric
species to the extent that many local populations consist
of phenotypes that exhibit all combinations of parental
species characteristics. This has often led to confusion in
identifying species for purposes of forest management, tree
improvement, or systematic studies.

Foliage samples were air dried and stored in the laboratory a t room temperature prior to extraction. The sources
of the materials are as follows:
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Picea glauca

Whitehorse, Yukon Territory,
Canada
Picaa engelmannzi Emmonds Glacier, Washington,
U. S. -4.
Blue Mountains, Oregon, U. S. A.
Picea sitchensis
Haines, Alaska, U. S. A.
Hoquiam, Washington, U. S. A.
Castle Rock, Washington, U. S. A.
Big Lagoon, California, U. S. A.
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Putative Hybrids
Lower Skeena River, British Columbia, Canada
Upper Skeena River, British Columbia, Canada
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Additional foliage samples of P. glcluca were collected
near Norfolk, Connecticut and Hillsboro, New Hampshire.
These samples were dried at 70° C. prior to analysis.
Several attempts have been made ta construct phenoMost of the analyses were done on 4 gm (dry weight)
typic indicies on the basis of morphological traits as guides
for differentiating one individual, population, or species needle samples from 4 to 16 individual trees within each
from another. In areas where natural hybridization is source. Composite samples of 10 grams representing 10 to
30 trees from each source were used for confirmatory
believed to occur between species, character association
analyes have supported the hypothesized patterns of intro- analyses for the ether soluble phenolics.
Methods of extraction and chromatographic procedures
gression (M ORGENSTERN and F ARRAR, 1964, [P. mariana and
P. rubens]; R OCHE, 1966, [P. glauca ar,d P. engelmannii]; are similar to those reported earlier (H ANOVER and HOFF,
1966). Foliage samples were first extracted with hot water.
GARMAN,
1957, [P. glauca and P. engelmannii]; DAUBENMIRE,
The water extract was further extracted with ethyl ether
1968, [P. sitchensis and P. glauca]).
followed by n-butanol to give two fractions of phenolic
The use of biochemical criteria to distinguish species of
constituents free of tannins. Each fraction was taken to
Picea has been limited, and the results have been more
near-dryness on a rotary film evaporator and brought up
indicative of potential than conclusive (BARTON and GARDto 1 ml with ethanol and butanol, respectively. Other
NER , 1957; VON RUDLOFF,
1962, 1964, 1966, 1967 a ; VON S CHANTZ
methods of extraction were tried including one described
and J UVONEN , 1966). However, VON RUDLOFF
(1967 b) has
by STAFFORD
(1965) but were found unsuitable for spruce
found distinctive differences in the leaf oils of white spruce
needle tissue.
and black spruce which were consistent in samples from
Fifty microliters 6T an.extract were spotted on a sheet of
widely separated populations and ecological conditions.
Whatman 3MM filter paper and irrigated in the first direcThe objective of our study was to esamine the phenolic
tion with either benzene, acetic acid, water (6 : 7 : 3) or nconstituents in P. sitchensis, P. glauca, P. engelmannii, and
butanol, acetic acid, water (4 : 1 : 5) for the ether soluble!
putative natural hybrids to determine if the direction and and butanol soluble fractions, respectively. Sodium formate,
degree of introgressive hybridization among these species formic acid, water (10 : 1 : 200) was the solvent in the seccould be distinguished chemically. The area in which hyond direction for both fractions. Dried chromatograms were
brids were sampled is along the Skeena River of British examined under ultraviolet radiation, exposed to ammonia.
Columbia. In this area natural hybridization and introand reexamined in the ultraviolet. They were then sprayed
gression are thought to have occurred between the coastal
with a solution of 0.4 gm of diazotized sulfanilic acid in
species, P. sitchensis, and the interior species, P. glauca 100 ml of water followed by 10 percent sodium hydroxide.
(DAUBENMIRE,
1968).
I n order to provide marker compounds and also to
tentatively identify a few of the spruce phenolics a number
of known substances were chromatographed separately and
in combination with the spruce extracts. Compounds conMaterials for the chromatographic analyses of phenolic
sistently detected chromatographically were numbered,
compounds were collected and described by DAUBENMIRE
their Rf values were measured, and the spots were char(1968).
acterized by their reactions to the treatments. Each spot
was visibly scored for intensity to give a rough estimate of
*) Published with the approvai' of the Director of the Michigan
Agricultural Experiment Station as Journal Article Number 4228.
relative amounts present in a sample.
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