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ABSTRACT

The study is divided into two parts, one of which
is a genecological investigation of 150 spruce popula-
tions grown from seed in a relatively uniform environ-
ment during a period of two years. The second part is an
investigation of geographic variation in mature popula=
tions of spruce, and refers principally to a biometrical
investigation in cone scale morphclogy which was carried
out on a mass collection of spruce cones collected in
157 areas throughout the range of spruce in British
Columbia.

On the basis of the results obtained in both parts,
zones of putative hybridization between white spruce and
- the other spruce species of British Columbia are demar-
cated, and the following general conclusions are made,

In regard to the white-Engelmann spruce complex in
British Columbia, the environmental pressures which resul
in microevolution, i.e, speciation.

The faculty for normal development and survival of
white spruce and its related forms in British Columbia,
is conditioned by the cessdtion of:growth: and initiation
of dormancy.

The genetic constitution of a natural population
of white spruce, in any one region, is predominantly
determined by the photothermal regime prevailing in
that region.

On the basis of these general conclusions, recom-
mendations are made in regard to the silviculture of
white spruce and its related forms in British Columbia,
and also in regard to the field testing of the 150 spruce
populations subjected to genecological investigation
in the nursery,
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ABSTRACT

The principal objective of the study is the determination of geographic
variation in white spruce in British Columbia. Since variation within this
species in British Columbia is greatly influenced by hybridization with other
spruce species,'an attempt is made to demarcate zones of hybridization; and
evaluate its effect on variation in white spruce.

In a preliminary chapter the literaturé pertaining to principles and
concepts of taxonomic and genecological investigation is critically examined
in relation to infraspecific variation in tree species. The conclusions of
this chapter constitute the assumptions of the investigation.

A second chapter summaries the literature pertaining to the phylogeny
and distribution of the spruce spécies of British Columbia. Photoperiodicity
in forest trees is discussed in the third chapter.

Following the chapters referred to above the study is divided into
two parts, A and B. Part A is a study of the growth behaviour of 150 popula=-
tions of spruce grown in a relatively uniform enviromment during a period of
two years. The seed, which was collected throughout the spruce complex of
British Columbia,was sown at the British Columbia Forest Service research
ﬁnrsery on Vancouver Island in the spring of 1965. Detailed measurements
were made during the growing seasons of 1965 and 1966. In the laboratory
seed samples of the same populations were X-rayed to determine embryo develop=-
ment and subsequently germinated at 25°C. Further seed samples were germinated
at 15, 20, and 30°C.

Part B is a study of geographic variation in mature populations of
white spruce, and refers principally to a biometrical investigation of

variation in cone scale morphology which was carried out on a mass collection




II
of spruce cones collected in 157 areas throughout the range of spruce in
British Columbia during the summers of 1963 and 1964,
On the basis of the results obtained in parts A and B the following

general conclusions are mades

(i) In regard to the white-Engalmann spruce complex in British
Columbia the environmental pressures which result in microevolution, i.e,
infraspecific variation, differ only in degree rather than in kind from the

environmental pressures which result in macroevolution, i.e. speciation.,

(ii) The faculty for normal development and survival of white spruce,
and its related forms, is conditioned by the cessation of growth and ini-

tiation of dormancy.

(iii) Time of initiation of dormancy in a population in any one region

where the species occurs naturally is conditioned by its genetic constitution.

(iv) The genetic constitution of a natural population is predominantly

determined by the photothermal regime prevailing in that region.

(v) In so far as there is a difference in the photothermal regime
between any two regions the genetic constitution of the spruce populations

occupying ' those regions will differ,

(vi) One of the most important external manifestations of this

difference is the time of cessation of growth and initiation of domancy.

On the basis of these general conclusions, recommendations are made
in regard to the silviculture of white spruce and its related forms in British
Columbia, and also in regard to the field testing of the spruce populations

referred to in part A of this study,
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PIACE OF ORIGIN OF THE CONE SAMPLES ILLUSTRATED IN FRONTISPIECE

Sample No.

13
L9
50
6l
63
111

Lat.
51°26'
49%7'
49°12"
52°12'
50%00

50°L7'

Elev. (ft.)

21,00
2800
3300
2700
3300
5200

, Locality
3 miles We of Fort St.dJames
4O miles W. oi‘.“Trai.l )
31 miles SeW.of Princeton
6 miles N. of Williams Lake
13 miles S. of Merritt

52 miles N.E. of Kamloops



The differences between trees of the same kind
have already been considered. Now all grow fairer
and more vigorous in their proper positions; for
wild, no less than cultivated trees, have each their
own positions, some love wet and marshy ground, as
black poplar, white willow and in general those
that grow by rivers; some love exposed and sunny
positions; some prefer a shady place. The fir is
fairest and tallest in a sunny position, and does
not grow at all in a shady one. The silver-fir on
the contrary is fairest in a shady place, and not
S0 vigorous in a sunny one.

Yew, pados and joint-fir rejoice exceedingly in
shade. On mountain tops and in cold positions
odorous cedar grows even to a height, while silver-
fir and Phoenician cedar grow, but not to a height, -
for instance on the top of Mt. Cyllene; and holly
also grows in high and very wintry positions. These
trees then we may reckon as cold~loving; all others,
one may say in general, prefer a sunny positions
However, this too depends partly on the soil appro-
priate to each tree; thus they say that in Crete on
the mountains of Ida and on the White Mts., the cy-
press is found on the peaks whence the snow never
disappears; for this is the principal tree both in
the island generally and in the mountains.

Again, as has been said already, both of wild
and of cultivated trees some belong more to the moun-
tains, some to the plains. And on the mountains
themselves in proportion to the height some grow
fairer and more vigorous in the lower regions, some
about the peaks.

THEOPHRASTOS OF ERESOS (380-287 B.C.).



INTRODUCTION

Depending on the objectives of the investigation, a study of
geographic,variation in a widespread coniferous species may take several
forms. Therefore, it is particularly important for the investigator to
make cleér, at the outset, the objectives of the study he has undertaken.
Ambiguity in this regard can result in considerable misunderstanding as to the
silvicultural and/or genecological implications of the results of the investi-
gations. For example, Critchfield's study of geographic variation in lodgepole

pine (Pinus contorta Dougl.) (Criéchfield 1957) and McDonald'!s criticism of

this stﬁdy (McDonald 1958) is a case in point. Wright and Béldwin's
assessment of a large scale provenance trial of Scots pine (g. syl%estris Le)
in New Hampshire (Wright and Baldwin 1957) and Langlet!s detailed rebuttal
(Langlet 1959) of both their premises andiresulfs even more clearly illus-
trates the vaiidity of the above statement. There is, then; considerable
diversity of opinion in regard to the purpose;zmethods and scope of studies
of geographic variation in tree species. For this reason, and rather than
discuss the problem in a general introduction, the matter is treated
separately, and in some detail, in the following section.

The purely technical problems associated with an assessment of
geographic variation in white spruce in British Columbia are enormous in
scope. There is for example the major problem of sampling - which has not
been satisféctorily solved in the present study. ‘The species has a vast range
throughout the province. It is sympatric with other spruce species in nume-
rous areas, and introgressive hybridigation is known to occur extensively.
The problem facing the forest geneticist in this instance, therefore, is
analogous to that of the geographer who, going into a very large, rugged

relatively unexplored territory must first plot the approximate location,



height and breadth of mountain beaks, the depth and direction of major
valleys, and the location of major rivers and lakes (see p. 28 Stebbins
1950). Races, ecotypes, clines, and hybrid swarms are the "gross topo-
graphy" of genetic variation within the white spruce complei of British
Columbia, and it is this variation with. which the present study is
principally concerned,

This study, therefore, by no means exhausts the possibilities for
further study of variation in white spruce in British Columbiae. On the
contrary it is hoped that its results will lead directly to more detailed
studies, particularly below the population level, in controlled and partially
controlled environments. These studies can be conducted simultaneously with
the long term assessments of the performance of experimental stock outplanted
in diverse enviromments.

In accordance with the tenets establiéhed by Anderson (19L49), andA
in the belief that long tablés of statistics do not satisfactorily
illustrate patterns of variation in natural populations, a special effort
is made to present the data in graphic form wherever possible. For con-
venience of reference, and to avoid extensive divisions of the text, these

graphs (Figs. 9 to 1}6) are placed in the appendix.



SYSTEMATICS IN RELATION TO GEOGRAPHIC VARIATION IN FOREST TREES: A

STATEMENT OF THE ASSUMPTIONS AND OBJECTIVES OF THE PRESENT STUDY.

INTRODUCTION:

Any étﬁdent engaged in a study of geographic variation in a coni-
ferous tree will soon realize, if his interest extends beyond the establishe -
ment 'of reciprocal plantations, that is, the provenance trial, that informa-
tion relevant to his study may be gleaned not only from the silvicultural
literature but also from the 1iterature of taxonomy = classical, egferimental
and numerical - and genecology. This is so because the silvicultural pro=
blem of infraspecific variation in a tree species, though not generally re-
cognized as such in the silvicultural literature, is in fact a problem of
microevglution, and therefore cuts across several branches of botanical
science., It is not pgrticularly surprising that Darwin's major thesis was
completely.anticipated in 1831 in a book entitled "On N;val Timber and
arboriculture®,

A higﬁ percentage of the studies of geographic variation in wide-
spread coniferous species reported in the literature takes the form of field
trials, generally referred to as provenance trials, of untested progenies,
and without reference to the variation patterns in mature populations in the
wild, The principal objective of provenance trials in this sense is "o
compare'the growth of crops of trees from different lots of seed in terms
of their ability to produce forests and timber" (Edwards 1956).

In general such trials are initiated b& foresters., The characteris=
tics assessed are silvicultural characteristics, amd a provehance is fre-
quently referred to as "good® or "bad" depending on whether it exhibits
rapid or slow growth dufing éeveldpmeﬁt. For example: "The fact that one

provenance does badly in the nursery is a matter of impdftance, but it



vitiates the future of the experiment and its interpretation in relation to
normal practice if provenance experiments carry forward deficiencies which
normally would_be obliterated before the end of the nursery stage"(Edwards
1956). But the terms "good", "bad" or "deficient" when applied to total
height growth in the nﬁrsery - or ény other measufable charactefistic - are
meaningless in regard to ithe genecology of the species, and are not of much
value as silvicultural terms either, since, depending on the ernvironment in
which they are outplanted,height growth may be reversed between any two pro-
venances at a later date (Roche and Revel 1966).

There are many exceptions to these genéralizations concerning pro-
venance frials. Nevertheless, they hold good for a significant number of
experiments which have as their objective the assessment, in silvicultural
terms, of the effects of variation in tree species but ignore its causes.
For example, nowhere in Edwards' publication is there any indication that
the results of assessment of wiéhin species variation in forest trees have
any significance outside the field of practicai silviculture.

There is, however, no real reason why the assessment of variation
in tree épecies should be conducted as if it were only a silvicultural pro-
blem and the broader implications of within species variation ignored. On
the contrary, it is the writer's belief that the failure to place the problem
'of infraspecific variation in forest trees in its botanical context is a
major reason why the results of a large number of provenance trials are not
commensurate with the time and expense incurred during their establishment,
maintenance and assessment.

What follows, therefore, is an attempt to place the prcblem of
infraspecific variation in a tree spegies against the broad background of
Post-Darwinian systematics. It is hoped that by so doing, unity and co-

herance will be given to the éubject as a whole; and the objectives of the
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present study brought into clearer perspective. 'The need for such an attempt
is, perhaps, indicated by the extent of the divergence of viewpoint ex-
pressed in regard to various aspects of subject by Melville 19),0; Edwards
1956; Wright and Baldwin 1957; MacDonald 1958; Wright, Bingham and Dorman
1958; Barber and Zobel 1959; Callaham, 1959; Nienstaedt 1960; Langlet 1959,
1962, 19€3a; Stern 196L. |

To facilitate presentation, the subject matter is discussed under
the following headings (1) Classical taxonomy (2) Experimental Taxonomy
(3) Numerical Taxonomy (l) Genecology.
CLASSICAL TAXONOMY

Cléssicél taxonomy was a well established discipline before the de-
velopment of evolutionary theory. Plants were classified on the basis of
morphological characters, and, after Linnaeus, a binomial was given to all
plants so classified. The publicatioﬁ of Darwin's "Origin of Species®
destroyed the prevailing ideas concerning the fiiity of species and argued
that many species may have common ancestors. Since then attempts have been
made to group plants on the basis of evolutionary relationships, or phylogenye
Even, the very great advaﬁces in genetics, cytology and palé%otany since the
publication of "The Origin of Species®, have not resulted in any radical
change in the methods of plant classification followed since the time of
Linnaeus. Classical Taxonomy, therefore, which is based to a considerable
extent on the intuitive determination of affinities, is still the predominant
method of classification in use at the present time. A very clear statement
of the methods of classical taxonomy has been given by Sprague (1940), and
it is of interest to note that it appeared in Huxley's "The New Systematics"
(Huxley 1940), the book which to a considerable extent accelerated the
dévelopment of biosystematics or experimental taxonomye.

Good examples of the application of the methods of classical



taxonomy to & tree species, and the great importance of nomenclatural and
bibliographical studies in this method of classification, are given by
Fernald (1945) in his study of Betula in Eastern North America, and Dugle
(1966) in her taxonomic study of Western Canadian species of the same genus.,

The precticing forester is seldom appreciative of the activities of
the classical taxonomist, and frequently fails to understand how taxonomic
investigations, when applied to a tree species, can have any bearing on sil-
vicultural problems (MacDonald 1958). Yet, as Wright et al. (1958) have
pointed out, "the taxonomic and horticultural literature is a largély neg-
lected sourca-of information about genetic variation in forest trees even
though it contains scores of examples for every example contained in the
forestry literature”, Furthermore, as Melville (1940) has shown, the taxono-
mists are not unaware of the silvicultural implications of their work when
applied to a tree species.,

Wright and Baldwin (1957) used the data from al7-year-old, replicated
provenance test of Scots pine in New Hampshire as a standard against ﬁhich to
compare 19th century provenance studies. "They found that herbarium studies
made by leading 19th century taxonomists léd to a better insight into the
pattern of variation than did many low-precision provenance tests" (Wright 1962).

Constance (1957) has compared the system of classical taxénomy to a
repository for the totality of all kinds of evidence. This is a valid compa-
rison, and the forester engéged in provenance research would be unwise to
neglect such a potential source of information in regard to the species he is
studying. For example no forester initiating a genecological investigation
of a western Canadian birch species could affort to ignore the methods and
results of Dugle's taxonomic investigations (Dugle 1966), however applied

his aims, and though nomenclature per se is not his interest.



EXPERIMENTAL TAXONOMY

A'general statement of the purpose, principles, and results of the
experimental methgd in taxonomy has been given by Clausen, Keck and Hiesey
(1940, 1945, 1948) and Clausen and Hiesey (1958). These authors state that
though morphological comparisons are of first iﬁportance in classification,
cytological and genetical “tests are the more coﬁclusive indicators of re-
lationshipse. Consequently the taxonomic units derived by the methods of
experimental taxonomy are defined almost exclusively in genetic terms. White
(1962), having described the biosystematic units recognized by Clausen and
his co-workers stated, "Although no group can be considered to be fully worked
taxonomically until itsﬂcomponents can be arranged in biosystematic units
similar to those of Clausen, Keck, and Hiesey, it is doubtful whether such a
classification will be entireiy acceptable to practicai taxonomists (those
who write and use monographs) without modification.~-- For most of the
world's flora, and particular for slow growing tropical plants of little
econoﬁic importance, it is unlikely that experimerntal data will ever be
available in sufficient quantity to provide a basis for a biosystematic
classification®,

According to Good (196L) there are at least 250,000 or more species
of angiosperms alone in the world. Clausen and his co-workers have spent
many years in assessing genetic relationships in a relatively minute numbér
of species which were specially selected for their amenability to the methods
employed. From a knowledge of both these facts, it is not possible to com-
pletely disagree with White's conclusion. However, there is no doubt that
the methods of experimentalrtaxonomy will cbntinue to be applied on an ever-
increasing scale, particularly by the genecologist, though his objective

differs from that of the experimental taxonomist. Callaham!s advocacy



(Callaham 1959) of biosystematic methods in the study of variation in forest

trees was, at the time of publication, symptomatic of this general trend.

NUMERICAL TAXONOMY
‘ :in.a discussion concerning the classification df plant communities
Webb, asAearly as 1954, had this to say:
For a scientific taxonomy it is not enough to assure
one's critics that with sufficient experience one can learn

to éecognize the units; there must be some means of defining

them. Without this plant sociology can only be a craft to

which one is apprenticed, and not a science which one can

learn. It is as if organic chemistry were conducted without

analysis; simply by relying on the sense of smell, Not only

is such a procedure uncommunicable; it is also unreliable

(Webb 1954).

Webb goes'on to recommend a system of multifactorial recording, which,
if necessary, is capable of being carried on punched cards, as a basis for
the classification of plant communities._ Since the publication of this ar-
ticlé there has been a veritable flood of proposals in regard to numerical
metheds of classification of species and plant communities. Most of these
publications are represented in the bibliographies of Sokal and Sneath(1963);
which is the first book devoted to numerical taxonomy, and in Greig-Smith |
(196L) which deals with the numerical classification of plant communities.

The development of numerical taxonomy cannot be ignored by anyone en-
gaged in'the study of natural variation, and since it is the writer's -
opinion that Webb's remarks apply not only to classification of plaﬁt com-
munities but also,to problems of classification either above or below the

species level, the question remains as to the bearing of numerical taxonomy



on investigations of infraspecific variation in long lived plant species
such as the coniferous tree.

At the outset it is necessary to make the distinction between
numerical taxonomy", and the "numerical method in taxonomy". Because of
ﬁhis, and in view of what has been said above, the‘following must not be
construed as adverse criticism of numerical methods in taxonomy. Nor is
it an analysis of the methods of numerical taxonomy, for the writer is
qualified neither by training nor interest to make such an analysis. In
any event it has already been done (Heywood and McNeill 196, Seal 196&;
Williams andvDale 1965, McAllister 1966). What follows then, is an attempt
to relate somé of the basic assumptions'of numerical taxonomy to problems
encountered in genecological investigations.of forest trees.

An excellent summary of some of'the basic assumptions of numerical
taxonomy is given by Ehrlich and Holm (1962), and is here quoted in full:

In summary, then, we wpuld like to suggest that in broad
invéstigations of the patterns of interaction and relationship
among organisms the artificial and stultifying fragmentation

of population biology into divisions such as taxonomy, popula-

tion genetics, and ecology should be ignored. Care should also

be taken to scrutinize current concepts such as 'species!?,
tniche!, and 'commnity'. If some emergent pattérns Seeﬁ to
éorreséond to‘a degree ﬁith'these concepts, then the concepts
may be given operational definitions and the labels should be
retained. If there is no such correspondence, then the concepts
will have outlived their usefulness and should be discarded.
The basic units of population biology are not communities,
species, or even populations but individual organisms. In

populations, variation,'growth, genetic equilibria, selection,



behaviour and so on are not 'things' but relationships. There~
. fore, what is of interest inﬁpopulaéion bioclogy is the paﬁtern

in which organiéms are related in space and time.

Since these assumptions of Ehtrlich and Holm have been critically
examined in some detail by Stebbins (1963) no attempt will be made here
to discuss, their validity at length. However, it is important to note
that according to these authors the various branches of botanical science
which have a bearing on systematics should be ignored in investigations of
relationships among organisms. In other words taxonomic relationships are
evaluated purely on the basis ofAresemblances existing in the material at
hand, and a total ignorance is presupposed concerning the ecology of the
species or variety requiring classifications. )

It is also clear that Ehrlich and Holm (1962) think of evolution in
terms of individuals rather than populations, but as Hardy (1965 p. 170) has
pointed out, it is the populations which are evolving‘not the individuals,
Any forester who has closely studied within and between population variation
in'coniferous tree species will have no difficulty in agreeing with Hardy.

The emphasis on descriptive morphology as the principal'critérion
of asseséing relationships between organisms places the numerical taxono-
mists in the tradition of classical taxonomy, and Stebbins' rhetorical ques=
tion posed with regard to Ehrlich's paper may equally be aéked of numerical
taxonomy as a whole: "In essence; does Ehrlich's apparently new approach
to classification and épecies relationships repfesent anything more than an
elaboration of old=-fashioned morphological taxonomy, dresséd in a shiny new
algebfaic suit of cloths, and given additional allure by means of that
largest and most costly of modern scientific status symbols, the digital

computer?" (Stebbins 1963).
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In reviewing the»second edition of Huxley!s "qulution: the modern
Synthesis® (Huxley 1963), De Beer (1963) stéted:";—-Although it has been
known since 1859 that evolution by natural selection was a unifying concept
for all biology, it is only now becoming cleér how all-embracing it is, and
how closely it unites together the numerous and ever-increasing branches and
experimental disciplines of biology". This is a statement of the synthetic
theory of evolution, and it is this‘thebry (held not oply by De Beer and
Huxley, but also by Stebbins (1950) and Mayf (1963)) that is implicitly, if
not always explicitly, denied by the protagonists of numerical taxonomye.

However, in general it may be said that the literature of numeri-
cal taxohomy (Sokal and Sneath 1963) is less a rebuttal of the synthetic
theory of evolution than a demonstration of the belief that biology is a
sub-division of physics. For example the work of Charles Darwin is referred
to on five pages of Sokal and Sneath's book, whereas the work of T.T. Tanimoto
(a2 mathematician in the research,division of International Busineés'Maéhines)
is referred to on no less than twenty-two pagés.

It is difficult to avoid the conclusion that numerical taxonomy
has been'designed to fit the computor rather than to cope with the biological
facts of variation and evolution. It is true that these facts are frequently
inadequate. It is, however, also true that in the past many of the most
brilliant discoveries in biology have been made by imaginative men who exerci-
sed their judgement on inadequate facts - a faculty which, perhaps fortunately,
is not yet the prerogative of the computor.

In conclusion it is necessary to state that, in regard to the assess=-
ment of infraspecific variation in a tree species, numerical taxonomy is
rightly considered a valuable contribution to the numerical method in tax=-
onomy - an important distinction. For there is a numerical method in tax-

onomy which is evolving within the framework of the science. . The objection
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to numerical taxonomy, therefore, does not lie in the fact that it uses
numerical methods but in the fact that its basic assumptions preclude the
application of other methods and the utilization of much knowledge of species -
enviromment interaction which followed the development of post =Darwinian
systematics. Therefore, no synthesis is possible. However "e-~for the under-
standing of an important phase of microevolution the synthesis is indis-
pensable, in the same way that a synthesis - on a broader canvas - was
essential in the development of the argument of the 1The Origin of Species!
(Heslop - Harrison 196L);" and, as already pointed oﬁt, the problem of ine

fraspecific variation in forest trees is a problem of microevolution.

GENECOLOGY

ﬂ As stated above, though the methods of the éenecologist are similar
to those of the experimental taxonomists, his objectives are different. The
genecologist is primarily interested in determining habitat-correlated, gene-
tically-based variation within the species (Turesson 1923), whereas the
principal objective of the experimental taxonomist is classification. "Thus,

ecological data and observations on genetic system, are a sine qua non of

genecology, although by no means an essential part of taxonomy. Conversely,
the nomenclétural, and biographical studies which are an obligatory part of
any taxonomic}study are not necessarily significant for a genecological inves=-
tigation of a species". (Heslop - Harrison 19éu).

The publicatien referred to above is a detailed and lucid review of
LO years'of genecology, and since it contains an extensive and up-to~date
bibliography no attempt will be made here to survey the literature of geneco-
logye. The important point is that although classification is not the objective
of geneeological studies, such studies, particularly of plant species,

continue to elucidate some important evolutionary principles, and consequently



genecology has a definite, though indirect, bearing on phylogenetic
classification,

Genecology is essentially a synthetic science. It incorporates
in modified form the approaches of the several disciplines outlined above,
It; basic propositions have been stated succinetly by Heslop-Harrison
(196h), and are quoted below:

1) Wide ranging plant species show spatial variation in mor-

phological and physiological characteristicsa

2) Much of this infraspecific variation can be correlated with

habitat differences.

3) To fhevextent that ecologically-correlated variation is not

simbly due to plastic response to enviromment, it is attributable

to the action of.natural selectioﬁ in moulding locally adapted
populations from the pool of genetical variation available to the
species as a whole. |

A provenance study is rightly considered an investigation of infra-
specific variation in a plant species in relation to its enviromment. There-
fore, in purpose, methods, and scope it is a genecologic investigation, and
its basic propositions are those stated above,

Timofeef-Ressovsky (1940) has made the clear distinction between
macro~ and micro-evolution, and has pointed out that'while the classical
methods which gave a picture ofvmacroevolution (the synthesis of palaeon-
tological, morphological, embryological and biogeographical data) now seem
more or less exhausted, little has been done in the field of microevolution.
He defined microevolution as the evolutionary process taking place within
shorter limits of time, smaller groups of organisms, and lower systematic
categories, and concluded that the main phenomenon of microevolution is

geographical variability.

13
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If the main phenomenon of mioroevolution is geographical variabi-
1lity then it is clear that studies of geographicdl variability in forest
trees, if rightly designed, could contribute substantially to the general
understanding of microevolution,

Stebbins (1950) has pointed out that the dominant evolutionary
processes are different at each of the three levels of variation in natural
poPulations: "Individual veriation is dominated by gene mutation and genetic
recombination,.ﬁicroevolution by natural selection, and maecroevolution by a
combination of selection and the development of isolating mechanisms...."
Therefore, it is the population which is characterized by its enviromment,
for, as already pointed out, it is the population which is evolving and not
the individual -~ an important distinction often not observed in studies of
veriation in forest trees., Hence the unrewarding search for populations which
are endowed with characteristics randomly ocourring in individual trees; and
the not infrequent attempts to relate variation in individual treeé, or very
small numbers of trees, of different populations to factors of the environment
at their place of origin,

In the highly heterozygous coniferous species many desirable silvi- )
culturallcharaeteristics are most frequently the result of genetic segrega-
tion and recombination, and, therefore, are rightly studied at the level of
individual variation. These are not, generally, the result of selection and
adaptation. For example, as lLanglet (1963) has pointed out, from an ecologi-
cal point of view, increment in forest trees is only of secondary importance
since it does not directly oonditiqn survival or reproduction.

The emphasis, therefore, on silvicultural characteristics in prove-
nance trials, e#pecially during the early phases of the test, is mis-

placed.
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What is of prineipal interest is the growth rhythm of each provenance at the
test site in relation both to the enviromment at the test site, and the envi-
ronment at its place of origin. In this respect careful measurements of
flushing and dormancy, for examplé, are of greater significance than increment
measurements. It is only when some understanding of genetically-based,
habitat—correlaﬁed variation has been obtained that the silvicultural poten-
tial of a provenance is known. Furthermore, such an understanding can be
obtained from carefully designed studies of the growth rhythm of diverse popu=~
lations at the Jjuvenile stage in controlled and partially controlied environ-
ments (Wareing 1950, a, b, c¢3 1951, 1956). Increment neasurements have
greater importance in field tests, and are especially significant at the level
of individual variatione

The assessment of genecological differentiation within a tree species
need not be confined to physiological studies on progenies grown in a uniform
enviromment. As pointed out by Heslop-Harrison (196L p. 217) there is no
direct evidence that h&bitat—corfelatedAvariatiqn in morphological features
is non adaptive, and that if populations in one type of habitat are regularlj
found to differ from those in another in any characteristic whatever, those
differences have adaptive significance, and are due to the differential effect
of selection in the two environments. Therefore, biometrical studies on
" mass collections of field specimens of cones and foliage can in.many inse=
tances also yield valuable information concerning the genecology of the
species under study, as already indicated in the discussion of classical
taxonomy. Such studies are likely to be of especial value in, for example,
the forest regions of Canada where relatively little is known of the dis-
tribution, taxonomy and degree of introgressive hybridization of many

coniferous species (Roche 196L).



CONCLUSIONS

Infraspecific variation in a tree species is best considered as
a problem in microevolution rather than a purely silvicultural problem.
When so considered the problem is brought into clearer perspective, and
objectives become more sharply defined.

Genecology, a synthetic science which embraces the ideas amd
methods of the several botanical disciplines discussed above, is the study
of infraspecific variation of plants in relation to their environment.

Thus its basic propositions and methods apply directly to studies of geogra-
?hic variation in tree species.

A purely numerical approach to the study of infraspecific variation
in the manner of the numerical taxonomists is precluded because of the
synthetic nature of genecology. In this context numerical taxonomy is
considered simply as a étatisticai technique which may illustrate certain
aspects of genecological differentiation, for example morphological
variation in mass cpllections of field specimens.

The synthetic theory of evolutién as outlined by Hardy (1965) is
the great wnifying concept in biology, and it is this theory which both
illuminates and provides the framework for interpretation of all phenomena
relating to variation in natural populations, including populations of

forest trees.

16
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DISTRIBUTION AND PHYLOGENETIC RELATIONSHIPS OF THE

SPRUCE SPECIES OF BRITISH COLUMBIA
There are three species and one subspecies of spruce in B.C. which

between them form a complex of sympatric and allopatric populations with a

province wide distribution. These are Sitka spruce (Picea sitchensis (Bong.)

Carr.), black spruce (P. mariana (Mill.) BSP), white spruce (P. glauca
(Moench) Voss subsp. glauca) and Engelmann Spruce (P. glauca (Moench) Voss
subsp. éngelmannii). The nomenclature follows that proposed by Taylor (1959).
The taxonomic literature (Little 1953s) also recognizes the occurrence of two
other varieties of white spruce in British Columbiae These are Porsild spruce
(P glauca var. porsildii Raup.) and western white sprﬁce (P. glauca var.
albertiana (S. Brown) Sarg)e

The distribuﬁion of the components of this great spruce complex
is knownAonly in very general terms indeed (see map 2, Stének 1966) and
literature references to distribution and taxonomic relationships are
conflicting in the extreme. There are no detailed distributional maps avail-
able for British Columbia other than those published by Whitford and Craig
in 1918. These distributional maps continue to be referred to in the li-
terature. For example, Hansen (1955) interpreted the results of bog pollen
analysis in.British Columbia. on the basis of the modern distribution of
spruce speciés as given by Whitford and Craige. There are, however, a number
of reports and studies dealing with the distribution and taxonomic relation-
ships of white and Engelmarnn spruce in B.C. (McKinnon 1938, Griffith 1940,
Carman 1957, Taylor 1959)s | ‘

whitford and Craig (1918) placed the northern limits of Engelmann
spruce almost at lat. 58°@0‘,and'the southern limits of white and black

spruce at approximately lat. 53°30's, These distributional limits, therefore,
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in the absence of complete altitudinal segregation of species, indicate a
#ery large sympatric zone of white, black and Engelmann spruce between
'1atitudés:§3°00' and 58°00', This zone, broadly speaking, corresponds to
zone 9 (sub-boreal) of Krajina's classification of biogeoclimatic.zones of
‘British Columbia (Krajiha 19655, though zone 8 (Englemann spruce-subalpine
fir) of this classification gives the Yukon border (Lat. 60°00') as the
northern limit of Engeimann spruce in BeCe. Héwever, a nqrtherﬁ distri-
bution of this extent for Engelmann spfuce is not corroborated by the fin-
dings of Griffith (191;,0), Raup (1945) or Garman (1957).

In further contrast to the southern distributional limits of white,
and the northern distributional limits of Engelmann spruce as given by
Whitford and Craig, Garman (1957) has reported the occurrence of white
spruce at lat. 149°30' in the East Kootenay valley at altitudes of 2500 to
3000 ft. and Recknagél (1939) has Stated that reconnaissance studies along
the upper reaches of the Fraser river (along Lat. 54°00' between longitudes
120°%00' and 12390') definitely determined that the prevailing species of
spruce“is white spfﬁce and not Engelmann.

Raup (1945) has reported the extensive occurrence of sympatric
populations of white and black spruce along the Alask; highway, particularly
between Fort StwJohn and Whitehorse. Garman (1957), who sampled spruce po-
pulations along the Alaska highway north of Fort St. John, has also recorded
the occurrence of a sympatric population of white andvblack spruce at Muncho
Lake, lat. 59°00', However; he considered that the association of these two
Species in this ;rea'was not common. Wright (1955) has. stated that although
the range of black spruce approaches that of'Engelmann and Sitka it does not
overlap them as does white sprucee.

Raup (1945) has also reported the occurrence of Porsild spruce
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(Ef glauca var. porsildii) in northern British Columbia. However, Garman
(1957) found only white spruce in northeastern British Colﬁmbia, and
detecfed no trees having the smooth~bark, and bfoad—crown characteristic
of Porsild spruce.

Most authors are in agreement that the variety_g. g}gggg var.
albertiana is the hybrid between white and Engelmann spruce>(Little 1953,
Wright 1955, Garman 1957, Taylor 1959); Garman (1957) is the principal
“authority in regard to itsAgeneral distribution in the province of British
Columbiae

There has been no detailed study of introgressive hybridization
between the spruce species of British Columbia, though Taylor's (1959)
and Garman's (1957) studies, and Horton's (1959) study in Albérta have
provided cénsideragle evidence of its oécurrence in populations of white
and Engelmann spruce.

- The most important work in regard to crossibility in spruce is
that of Wright (1955). Wright crossed numerous spruce species, including
those which are indigenous in British Columbia, and in addition surveyed
the literature pertaining to crossability between the species. The data
presented overleaf, summarize that portion of Wright's work which has a
bearing on the problem in British Columbiae. —

Black spruce hybridizes freely with red spruce (Morgenstern and
Farrar 196l;) and, since the publications of Wright's findings, Little and.
Pauley (1958) have located and described a naturalrhybrid between black - and
white spruce; There is, thén, evidence, both from studies of natural
populations and artificial hybridization that there are no major genetic
barfiers to hybridization between white and Engelmamm, white and Sitka,

and Engelmann and Sitka spruces The evidence is less conclusive for black

and white spruce but, neverthelesé, it appears that hybridization between

both is also possible.



SUMMARY OF REPORTED CROSSES IN WHITE, BLACK, ENGEIMANN

AND SITKA SPRUCE (FROM TABIE 2, WRIGHT 1955)

glauca

Female mariana

Parent engelmannii

sitchensis

S = successful cross,

uncertaine

Male paremnt
glauca mariana engelmannii  sitchensis
- U S ]
F - - -
s - - s
S - S -

F - unsuccessful cross,

U = results of cross
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In regard to white, Engelmann; and Sitka spruce Wright (1955)
concluded that morphological, distributional and genetic data indicafe a
common, relatively recent, origin of these species, and that they are
related to the ‘0ld World spruce species through P. jezoensis (Sieb. and
Zucc.) Carr, of Japan. However, Fowler (1966) has recently published in-
teresting results of artificial hybridizationvin a'numbervof spruce species
which led him to conclude that P. glauca and not P. jezoensis.'is the
connecting link between 0Old Wbrid andlweStern North American spruces.

Wright (1955) also concluded that P. mariana is closely related to P. rubens
Sarge. and is a remnant of a more ancient migration than that which gave rise
to the other three species;

Studies of post-glacial fores£ succession bésed on bog poilen analysis,
which are relevant to the present discussion, indicate that all four spruces
which occur in B.C. survived the pleistocene in southern refugia, and re-
invaded northerh regions following the withdrawal of the ice (Hansen 19&7;
1955, Heusser 1960, Watts and Wright 1966). However, Hansen (1955) has
suggesfed.that spruce may also have reinvéded>centra1 énd south cehtral
British Columbia from refugia along the eastern flank of the Rocky Mountains
in Alberta and British Columbia, and in west central Yukon during the late
Wisconsin.

It appears that the isolated stands of white spruce in Wyoming,
Montana,'and in the Black Hills of South Dakota are relics of the spruce
populations of the southern refugia referred to above. The white spruce
populations in the Black Hills are in association with pbnderosa pine

(Pinus ponderosa), dwarf birch (Betula glandulosa) and the shrub Shepherd-

is canadensis (Watts and Wright 1966).

'Watts and Wright carried out pollen and seed analysis in an alluvia-
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ted lowland 200 km. southeast of the white spruce stands in the Black Hills,

Their results indicated that the Black Hills population is a relic of a semi-
continuous distribution duringllafe Wisconsin times, and that forests from
Canada and the eastern Rockies were probably in contact in the Western Great
Plains during Wisconsin. The late Wisconsin forest inferred from their
results is described as xeric but cool spruce forest with dry openings.
(see illus. 10).

Watts énd Wright found a relatively ﬁigh%incidence of the herb
Artemisia in their pollen counts, and explained its presence with spruce
fossils by'suggesting that there may have been a mosaic-type vegetation

marked by Artemisia-dominated cover in dunes, and virtually pure stands of

white spruce in hollows, resulting in the forest type described gbove. It
was concluded that this forest type may have no modern analogue. However,
in this regard it may be noted that Hansen (1955) has reported the occur-

rence of Artemisia tridentata on opeh slopes adjacent to a spruce stand on

a bog two milés south of Clinton in British Columbia, and that there are
sympatric populations of ponderosa pine and spruce in the Rocky Mountain

Trench in British Columbia (Eastham 1949).
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PHOTOPERIODICITY IN FOREST TREES: A LITERATURE REVIEW
There is now considerable evidence that photoperiod or day length
exerciseé a major influence on the growth rhythm of a number of tree speciese.
Since the classic work of Garner and Allard (1920) it has been
known that the development of many herbac?bus plant speciés is strongly
influenced by photoperiod, and in recent years it has become evident that
not only development but growth also is so influenced.
The increasingly sophisticated techniques of controlled environ-
ment studies have been applied in recent years to assessing photoperiodic
response in woody plant species, and there is now considerable experimental
evidence that photoperiod exercises a major influence on the growth rhythm
of many woody plants including a large number of deciduous and coﬁiferous trees
'of the montane, subalpine and boreal forest regions.
Re Van der Veen (1951) has studied the influence of day length on
the dormancy of some species of the genus Populus by growing cuttings of
several species in five different growth cabinets, and exposing them to
different temperatures and photoperiods. His results showed that plants
subjected to a short day treatment were thé first to go dormant even though
the temperature regime of the short day was higher than that of the long
day treatment. Nevertheless, under the latter treatment all plants conti-
nued growth.
In a series of controlled experiments of considerable significance
for foresters Wareing (1950a, 1950b, 1950c, 1951) showed that in a number
of woody species dormancy is hastened by short déy conditions, and that the
cessation of cambial activity is also controlled by photoperiod, and takes
place after the cessation of extention growth. Wareing's results also
indicated that there was little evidence that the breaking of dormancy in

the spring under natural conditions is photoperiodically controlled, for
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as he points out, if plants have been previously exposed to low temperatures,
dormancy is readily broken at any time regardless of the photoperiod, simply
by transferring the plants to warm conditions. Wareing also observed that
in the case of Scots pine there is often a reduction in internode length
tending towards a 'rosette" growth-habit under short days (Wareing 1951).
Pauley anvaerry (195h) demonstrated that high latitude clqnes of

Populus tricocarpa Torr and Gréy,.when grown in the natural day regime at

the latitude of Boston US.A. (cae 42°N), cease height growth on or about the
time of the summer solstice. However, if photoperiéd is lengthened by
artificial illumination they continue to grow. These authors concluded that
photoperiod influences the onset_qf dormancy, but does not appear to be
directly concerned with flushinge.

In a detailed study of geographic variation in Tsuga canadensis (L.)

Carr,in controlled enviromments, Olson et al. (1959) concluded that pro-
venances from high latitudes and ﬁigh elevations terminated growth before
these from low latitudes and low elevations. These results suggested that

there is a critical night-length for Tsuga canadensis of 8 to 9 hours at

which there is a maximum change from éctive'shoots to dormant buds.

Olsen et ale also concluded that the similarity in response '.of
hemlock seeds .and buds to photoperiod, temperature, and previous chilling
requirements, suggest that the mechaniém which regulates the germination of
seeds is also related to such vegetative phenomena as the breaking of bud
dormancy, growth and return to dormancy.

Vaartaja (1959) conducted numerous studies of photoperiodic res-
ponse in tree species.> He concluded that for most.of the species studied;

including Picea glauca, decreasing day length after midsummer appears to be

an importantvfactor in initiating the rest period. Vaartaja also concluded

that the critical day length for continental trees should be-longer than
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that for maritime trees.

To illustrate photoperiodic reactions of trees under outside
conditions Vaartaja (1959) constructed a table from the data reported by
Heikinheimo (195L). The table gives the fresh weight of one-year-old
seedlings of Picea abies (L.) Karst (Norway spruce) from different sources
when grown at five different latitudes 47900', 51°00', 55%0", éo°oo', and
66°OO'N. Allowing for nursery effects otheé'than ciimate i£ is quiée clear
from the results presented that there is a strong interaction between growth
and photoperiod at each nursery. Maximum differences between provenances
occurred in the southern nursery at lat. 51°00' where provenances from high
latitudes showed least growth, and provenances-from southern latitudes
maximum growthe

Besides the study of Olsen et ale it seems clear from the results
of other investigations that provenances from high altitudes respond to
photoperiod in a mamner similar to that of provenances from high latitudes.
In this regard Vaartajals interpretation of Heikinheimo's data referred to
ébove, and the results 6f investigations reported below-are of considerable
interest and relevance to the present study.

Karschon (1949) found that the iower the elevation of Scots pine
provenances the greater the growth under a short day treatment. Vaartaja
(1950) showed differences between high (5300 ft.) and low (500 ft.) eleva-
tion provenances in response to photoperiod. Un&er short days the-high
elevation source grew less vigorously than the low elevation source.

Special interest is attached to the studies of Irgens-}Moller (1958)
in that he investigated photoperiodic response in provehances of Pseudotsuga
menziesii-(Mirb.) Franco (Douglas-fir) from British Columbia. Provenances
from Salmon Arm in the interior of B.Ce (Elev. ca 2000 ft.) when grown in a

nursery at Corvallis, Oregon, entered dormancy before provenances from coastal



British Columbia. When grown in controlled environments the same in-

ferior provenances grew more'%igorously under a long photoperiod, and showed
least growth under a short photoperiod. From similar investigations with the
same species repofted in 1962 Irgens-Moller concluded that differences in
response to photoperiod do exist among seedlings of different origin in-
dependently of possible differences in chilling requirements.

In a recent paper Orr-Erwing (1966) showed the profound effect of
the male parent on the time of cessation of growth and dormancy in the pro-
genies of controlled crosses of coastal and continental Douglas fir. He
thus indicated the degree of genetic control on this phase of the growth
rhythm of the species.

One of the strongest correlations between factors of the environment
at their place of origin and the growth beliaviour of diverse provenances in
a.uniform environment is that demonstrated by Ianglet for Scots pine (Langlet
1959). Stebbins (1950) has stated that this particular study is one of the
best examples of a cline within a plant species. Langlet uSed as an index
of the enviromment at the place of origin of each provenance the day length
on that day of the year which first showed a temperature of plus 6°Cs The
correlation between this index of the enviromment and the dry matter content
of 52 provenances of Scots pine was striking. The correlation coefficient
was + 0.,98. Thus approximately 97% of the original variance in regard to
dry matter confent in 2-l; year old seedlings, was removed by eliminating
the influence of day length during the first + 6°C. day. More importantly,
‘Ianglet (1959) has also shown that the growth behaviour of L2 different
provenances of Scots pine at 17 years is similarly correlated.

The investigations of photoperiodic response in tree species in

controlled and partially controlled enviromments, reported above, provide
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experimental evidence of the profound effect of photoperiod, and its inter-
action with temperature, in influencing the growth rhythm of tree species.
The question remains as to what extent the growth behaviour of the diverse

Spruce provenances at Cowichan Lake has been similarly influenced.



MATERTALS AND METHODS

To facilitate presentation the study is divided into two parts, A and B.
. Part A is a study of geographic variation in immature populatibns
of white spruce, and refers principally to a study of physiological varia-
tion of 150 different spruce provenances sown in a relatively uniform envi-
ronment in the spring of 1965, Part A also incorporates references to a
pilot investigation of variation in immature spruce populations. However,
the data resulting from this investigation are ancilliary to the major
study of physiological variation of 150 spruce provenances referred to above.

Part B is a study of geographic variation in mature populationsﬂ,of
white spruce,>and refers principally to a biometrical study of variation in
cone scale morphology which was carried out on a mass collection of spruce
cones collected in 157 areas throughout the range of épruce in British
Columbia during the summers of 1963 and 196L. Part B also refers to other
variable characteristics in mature spruce populations, for example foliage
morphology, bark type, and branching habit. However, no detailed study was
made of these characteristics, and as in part‘A, the data presented is purely

ancilliary to the major study of variation in cone scale morphology.

Seeds from 150 spruce provenances were sown at the Cowichan Lake
research station on Vancouver Island, British Columbia, in the spring of
1965 (i1lus. 1). Germination fests, which are feferred to below, were
conducted in the laboratory on a separate portion of each seed sample.
Each provenance represents the bulked seed of a varying number of trees
collected and registered under the supervision of professional personnel
of the British Columbia Forest Service. Table 3 and fige. 5 give details

of the geographic origin of each provenanée. Fige 5 also--shows_the location
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of the Cowichan research nursery.

The provenances were randomized in each of six blocks and sown
on a prepared soil mix (Univeréity of California 1957) in rows six inches
apart and at right angles to the long axis of each bed.

Germination was facilitated by covering the beds with plastic-
sheeted, fiberglasé flyscreens. When germination was complete the plastic
sheeting was removed from the flyscreens, and the seedlings thinned to
approximately 2 cm. apart by cutting superfluous seedlings at the root
collar. When growth had proceeded beyond the cotyledon stage the fiber~
glass screens were removed from the beds. During the winter the beés were
again covered with plastic-sheeted, fiberglass screens.

To facilitate measurement on the éame seedlings during the growing
season 10 seedlings per row were selected by placing a board with 10 evenly
spaced teeth alongside each row and selecting that seedling nearest each
toothe A coloured chicken ring was placed over each selected seedling,

At the endiof the first growing season a sample of 10 seedlings
was obtained for study from each row by placing a board with 10 evenly
spaced teeth (so arranged as to lie between the permanently marked seedlings)
and selecting that seedling nearest each tooth. The seedlings were cut at
the root collar, and the following measurements obtainéd in the laboratory;
(1) epipotyl length (2) root collar diameter (3) dry weighte.

Flushing anﬁ'dbrmancy assessments were ﬁade at thg beginning and
at the end of the second growing season by scoring permanently marked
seedlings in each row. A seedling was considered flushed when the bud
scales were ruptured and needles were visible. A seedling was considered
dormant when the terminal needles of the epicotyl were stiff ahd whorled,
and a terminal bud visible. Shoot length was obtained every two weeks during

the second growing season by measuring permanently marked seedlings. At the



end of the second growing season the permanently marked seedlings were
lifted by cutting at the root collar, and the following measurements
obtained in the laboratory (1) shoot length (2) root collar diameter
(3) dry weight. .

Using X-ray.techniques, Scandinavian workers have démonstrated
that embryo development in spruce and pine seed is highly correlated with
germination béhaviour. It is also possible that embryo development may
influence early growth in the nursery. Consequently provenance differences
in germination behaviour and even early growth (differences which, unlike
embryo development, are genetically based) may be obscured if no account
is taken of this factor.

In order, therefore, to obtain a measure of seed quality (expressed
as embryé development) which would allow a more accurate interpretation of
the ecological significance of the results of éermination tests,h repli-
cations of 100 seeds from each provenance were X-rayed. A X~ray unit pro-
ducing soft rays was used for this purpose (Nippon super soft X-ray apparatus
Type EM supplied by the Nippon Softex Co. Lﬁd. Tokyo), and the conditions
of ex@osu;e were as follows (15 kV, 1.5 mA, f. 35 cm., 15 sec.). The
quality of the radiographs thus obtained is shown in illus. 2. Using a
Bausch and Lomb, Stereoscopic binocular microscope, embryo development and
full seed percent were assessed from the résulting radiographs, and classi=-
fied in the manner indicated by Table 1 and Illus. 2.

Germination tests were also conducted at 15, 20 and 30°C. ) replica-
tions of 100 seeds eéch were germinated at each of these temperatures. In
all germination tests conducted, the seed was unstratified and germinated on
filter paper in petri dishes filled with vermiculite. Water was supplied
only once, arnd at the‘beginning of each test. In all instances the indices

of germination behaviour were calculated in the'manner proposed by Czabator

(1962), and the following table is from Miller-Olsen et al 1956.
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TABIE 1

EMBRYO AND ENDOSPERM CLASSES CORRESPONDING TO THOSE SHOWN IN ILIUS. 2

Embryo class
0 =~ Neither embryo nor endosperm (empty seed).
I - Endosperm but no embryo.
II -~ Endosperm and one or several embryos, none of which is
longer than half the embryo éavity.
III - FEndosperm and one or more embryos, the longeét of which
measures between half and threefquarters the embryo cavity.
Iv - Endoéperm with one fully developed embryo cempletely, or
almost completely, occupying the embryo cavity. Diminutive
embryos rarely occur,
Endospernm class
A - The endosperm almost fills the seed coat to capacity and
absorbs the x-radiation well.
B = The endosperm only partially fills the seed coat and is often
shrunken or otherwise deformed. The X-ray absorption is

inferior to that of class A.

The pilot investigation of variation in immature spruce populations
refers tb 12 spruce provenances sown on two soil types in the spring of
1964 at the Cowichan research nursery (Table ).

In the fall of 196l the 12 provenances were sampled by placing a
board with 10 teeth alongside each row of seedlings and taking that
seedlings which was closest to each of the 10 teeth to give 10 seedlings
per row. Since there were Y replications, each provenance was represented

by L0 seedlings. Shoot length and root collar diameter were obtained for
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every seedling and the mean of all measurements calculated for the 12
provenances.

During the early spring of the second year a plastic greenhouse
was placed over two blocks, one of the artificial soil mix, and one of
local soil. A sampling and measuring procedure similar to that referred to
above was followed in assessing the second year's growth. In addition,
however, shoot extension was measured every two‘weeks during the growing
seasone. Dates of flushing and dormancy were also obtained.

All data were subjected to statistical analysis in order to de-
termine the relation between the variation observed and factors of the
environment at the place of origin of provenances. This included principal
component analysis and multiple regression analysis.

Principal component analysis is a form of multivariate~analysis
which in recent years has found increasing application in genecologiqal
and taxonomic investigation. The mathematics of the technique have been
discussed by Seal 1964 (pp. 101-122), and its application in regard to
geographic variagtion and taxpnomy'of tree species has been demonstrated
by Jeffers and Black 1963, and Gardiner 'and Jeffers 1963.

' Jeffers-1965 has briefly summarized the objectives of principal
componenf analysis, and his summary is given below in full:

l. Examination of correlations between separate variables.

2+ Reduction of the basic dimensions of the variability to

the smallest number of meaningful dimensions.

3. Elimination of variables which contribute relatively

little extra information to the study.

L. Examination of the taxonomic groupings of the individuals

5. Determination of the objective weighting of the variables

in the construction of taxonomic indices,



6. The identification of individuals of doubtful or unknown

origin.

7. The recognition of misidentified specimens.

Since the objectives of the present study are genecological and not
taxonomic, objectives 1 to 3 are of much greater importance than objectives
I to 5. The value of the principal component analysis in the present inst-
ance, therefore, is that it enables the investigator to identify, from the
many variables measured, those variables which contribute most to the total
' pattern of variation. Consequently the identification of variables of

greatest genecological significance is facilitated.

Multiple regression analysis was used to determine the degree to
which the variation observed is related to envirommental factors at the
place of origin of each provenance. In this way factors which exercise
‘selection pressure on the species may be shown to have association with
measurable geographic factors such as altitude, latitude or longitude.

Because of the extreme paucity of climatic information for the
montane,'and particularly the subalpine forest regions of British Columbia,
an attempt was made to calculate the number of days in the growing season
at the place qf origin of each of the 150 spruce provenances from the known

data of altitude and latitude.t

1 Dpata concerning forest regions in British Columbia, climatic data, and
data concerning photoperiod have been obtained from the following sources:

Rowe, J«Se 1959. Forest regions of Canada. Bulletin 123, Canada Dept.
of Northern Affairs and National Resources Forestry Branch. 71 ppe

19L46. Tables of sunrise, sunset and twilight. Supplement to the American
Ephemeris. Nautical Almanac office, United States Naval Observatorye.

Climates of the stateés for, Washington, Idaho and Montana. United States
Department of Commerce, Weather Bureau. .

Climate of British Columbia annual reports. Department of Agriculture,
British Columbia. :

Climatic summaries for selected meteorological Stations in Canada: Frost
data. Meteorological Division, Canada Department of Transport.
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The altitude, latitude and number of days in the growing season

were obtained for each of ;57 weather stations representing a wide altitu=-
dinal and- latitudinal range in British Columbia and adjacent territories

in the Yukon, Alberta, Idaho, Washington and Montana. These data were sub-
Jjected to:regression anelysis, the independent variables being altitude and
latitude, and the dependent variable being the number of days in the growing
season.

Using the regression equation thus obtained, and by inserting
altitude and latitude at the place of origin of each of the 150 provenances,
it was possible to obtain a measure of the number of days in the growing
season at the place of origin of the same provenances. This measure is
henceforth referred to as the index of the vegetative pefiod.

The index of the vegetative period calculated in the manner des-
cribed above has a relative value only. Nevertheless it is based on a body
of data much more extensive than is obtainable. in British Columbia alone,
though at the same time obtained from territories on the periphery of this
province. Furthermore the results obtained are in approximate agreement
with results published in regard to European countries, in that they indicate
that a displacemenﬁ of one degree north shortens the growing season by 6
days, and that a displacement of 300 ft. upwards will have a similar effect
(Wiersma 1963).

This index of the vegetative period is, therefore, used in the
present etudy, since even as a relative value it has more biological sig-.

nificance than altitude or latitude,



Illus. 1. Upper photo gives general view of the layout of the nursery beds
at Cowichan. Lower photo shows layout of seedlings in these beds.
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Illus. 2. The X-ray assessment of embryo development in spruce seed.

A. Diagrammatic representation of spruce embryo classes and insect infested seed: a = seed coat;
b = cavity between seed coat and endosperm; ¢ = endosperm; d = cotyledons; e = embryo cavity; f -

radicle.

Be Photographic representation (obtained from radiographs) of spruce embryo classes and insect
infested seed corresponding to those illustrated in A. Note the polyembryonic condition of class

IT.
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MEASUREMENT
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TABIE 2

MEASUREMENTS OF SEED QUALITY, GERMINATION, AND GROWTH MADE ON
150 SPRUCE. PROVENANCES, AND MEASUREMENTS OF FACTORS OF THE
ENVIRONMENT AT THEIR PLACE OF ORIGIN. .

Alt itU.de e ¢ o & ¢ & & ¢ s ¢ & * & ¢ & S5 O 6 ° & " & ¢ O 0 o 0 »

I_a-titude e & & & ¢ & & 6 6 & &6 & 3 & 4 & B » @ o 0 & o s & O ¢

Index of the vegetative period o o« o o ¢ o ¢ ¢ o o ¢ s o ¢ ¢ o o

ﬁay'length of the first day of the year with average temperature

Of b3OC- ® @ * & 8 & & °* 8 " & B B 9 O 5 S 0 6 & 8.6 O s & ¥ O B
Percent of embryo development class III in each seed lot
Percent of embryo development class iV‘in each seed lot.

The rate of germination at 15, 20, 25, 30%Cs & o o » o »

Mean daily germination at 15, 20, 25, 30° , .

Actual germination percent * 6 6 8 ¢ o o @ & 0

Germination value (PVAMDG) at 15, 20, 25, 30°C

e o o o o o

Rate of germination at 2500, adjusted for embryo development

Germination value at 25°C, adjusted for embryo

Shoot length in first year « « « ¢ o o o ¢ o &

Root collar diameter in first year .

.-

development

CODE

DLL3

ED3

EDL

FV15, PV20, PV25, PV30
MDGL5, MDG20, MDG25, MDG30
ACP “ |
GV15, GV20, GV25, GV30
PVA25

GVA25

SI1

RCDL

DWL

21

22

Dry weight 1n flrst YEAr o o o 5 o

Shoot" length 1n second year.-. o oo
Root collar diameter in second year.
}Dr‘y weight in second yeare « o .‘ . o
Percent flushed on April 6, 1k, 20, 27

Percent Dormant on June 30, July 7, 1k, 21, 28, August L

Shoot extension May 10, 2L, June 6, 20; July L, 18 during the

e & » & & o o

in 2nd year .

second Jears « ¢ ¢ e o @ o o 6 o & & ¢ 8 6 a8 0 ¢ ¢ ¢ 0 0o 8 o o

Shoot extension May 10, 2l, June 6, 20, July L, 18 during the

second year expressed as a percent of total growth « ¢« o ¢ o o

s12

.RCD2

D2

FL6, FIllL, FI20, FI27
DJ30, DJY7, DJYLh,, DJY21,
DJY‘28 DAl .

sM10, smzh,'

536, 5J20, SJYl,
SJY18. . _

PMI0, PM2ly, PJ6, PJ20, PJYl,
pJvL8s

LE



GEOGRAPHIC ORIGIN OF 150 SPRUCE PROVENANCES ARRANGED IN ORDER OF INCREASING

TABIE 3

EIEVATION

Elev, in

Prov. Rege Prov. Reg. Flev, in
No. No. No. lat. long. 1000 ft. Location MNo. No. Yoo Iat. Long. 1000 ft. Location
1 kD 529 53 10 132 20 0,1  Juskatla, Q. Charlotte Is. 76 1L3 . 623 5810 121 50 2.7  Nig Creek N. of Fort St.John
2 96 692 52 22 126 LS 0.1 Bella Coola 77 12 380 55 36 127 50 247 Kispiox River
3 103 7.8 S0 03 12703 0.2 Kaouk R. N.W. of Zeballos 7817 37 sh 27 126 5k 2.7  N.W. of Barrett
N 131 8L0 55 05 129 25 0.1 S.W. Alyansh, Nass River 79 69 359 5l Ok 121 30 2.7 12 miles No of Sinclair Mills
5 132 Lél: Sh 03 128 39 0.1 7 miles N, of Kitimat 80 200 723 5415 121 S§ 247  N.E. of Alera Lake
¢ 101 Th2 L9 08 125 25 0.1=  Kennedy L S.E. of Alberni’ 81 7 722 sh ol 121 2 2.8 K.E. of Sinclair Mills
7 93 526 55 05 129 20 0.1 Nass R., S.W. of Alyansh 82 113 789 sy 21 125 26 2.9 Taltapin L. N.E. of Burns Lake
e 10l 766 L8 50 124 k5 0.3 Klanawa R. Vancouver Island 83 115 791 S5 05 127 20 2.9  Morice Town
9 105 761 53 05 132 05 0,3  Pallant Creek, Q.C.I. 8l 9 388 S3 0 122 25 3.0  Stone Creek S.E. of Prince George
10 130 809 $3 30 13215 O.4  Gold Creek, Graham Is, 85 18 356 sh 08 127 09 3.0  S.W. of Houston
o 63 2681 53 06 132 03 0. Mosquitoe L., Moresby Is. 86 114 79 5h 0L 127 13 3.0 ¥cBride L. S.W. of Houston
12 125 801 S0 32 127 15 0.6 Yiest of Port icKeill 87 53 210 50 10 116 00 3. Whatshan Creek, Upper Arrow lake
13 85 126 Sk 1O 128 US 0.7 Kitsum Kalum L., N.of Terrace 88 120 796 5k 51 127 00 3.2 12 mile s N.E. of Smithers
1k L4 525 sk LS 128 LS 0.8 Kitsum Kalum L., N.of Terrace 89 7% 371 sh 06 127 12 3.]  Morice R. S.W. of Telkwa
15 6l 281 5111 125 34 0.9  Klinaklini R. Knight Inlet 0 L2 773 5320 122 10 3.k MNaverahbu Rd. Prince George
16 né 792 55 08 127 2k 1.0 Beaumont N, of Smithers 91 20 W27 51 k2 120 10 3.5 N+ of Clearwater
17 n7 793 55 18 127 42 1 7 miles N. of Hazelten 92 0 188 Lool 120 LS 3.5  Manning Park
18 126 805 55 28 127 k2 1.2 M, of Hazelton 93 102 L5 5212 11915 3,5  Thunder R., N.E. of Blue R,
19 12l 800 5517 12724 1.2  Suskwa R., E.of Hazelton o 21 118 5110 12015 3,8  S.W. of Barriers
20 2 750 S1 35 119 51 L.l N.Thompson R., Birch Is. 95 37 3Ly L9 35 115 59 3.8 Perry Cr.,N.d. of Cranbrook
o221 62 905 51 3 119 51 1.k N.Thompson P., Birch Is. 9% 12 575 00 118 00 3.8 Shelter Bay Upper Arrow L.
22 127 806 Sk Sh 127 15 1.5 Evelyn, H. of Smithers 97 28 33L L9 00 116 L5 3.9 Boundary Cr.,S.W. of Creston
23 76 379 55 36 127 50 1.5  Kispiox R. 98 %5 69 1907 120 53 1.0  Gibson Pass Mamning Park
2k 7 382 55 36 127 50 1.5  Kispiox R. 99 16 6lh 50 38 118 00 4o  Upper Arrow Lake S.of Arrowhead
25 51 53 25 122 10 1.7 Hixon 100 8 w7 511k 120 15 L0 Peterson Creek W.of Barriere
26 13 358 55 28 127 50 1.7 20 miles N. of Hazelton 101 31 3k6 k9 55 116 35 4.0  Kettle R., E. of Kelowna
27 121 797 Sk Lé 12711 - 1.9 B.C.F.S.0ffice, Smithers 102 23 1y 4910 120 35 L0  Manning Park
28 122 798 Sk kS 271 1.9  Bigelow Lake, Smithers 103 22 150 L9 55 12 35 kO  S.E. of Merritt
29 106 769 sk 10 122 30 1.9  Fraser R.,N.E. of Newlands 10k 30 393 L9 55 119 k6 kol W. of Kelowna
30 10 777 sk 10 122 10 2.0 Fraser R., N. of Giscome 105 13k 576 50 15 117 50 L4e2 - Upper ArTow L.,S.H. of Nakusp
31 68 355 5L 1L 12722 2.0  McBride L., Morice R. 106 135 858 Ly 00 116 10 442  Boundary Cr. S. of Creston
32 &0 L9 55 30 121 35 2.0 Peace R. Aree 107 87 W30 50 L0 119 35 Le2 Fly Hills, Salmon Arm
33 L7 779 sh 06 122 03 2.0  Aleza Lake Exp.Station 108 86 ' L28 51 Ll 120 05 L2  N. of Clearwater
3k 16 367 54 56 127 25 2.0  Doughty N. of Smithers 109 52 728 50 39 117 32 L2  Trout Lake
35 2 L8 55 L0 122 12 2.0  Pine River, Peace River 10 33 L7 L 20 11715 Le2  S. of lielson
36 0 36k sk 56 127 25 2.0  Doughty H. of Smithers m 26 738 S0 L2 119 30 1.5  Fly Hills, W. Salmon Arm
37 ! 365 s 56 127 25 20  Dougnty N. of Smithers 112° 2 7 50 52 © 119 50 1.5 6 miles S.W. of McGillvray L.
38 T 366 sk 56 127 25 2.0 Doughty . of Smithers 113 136 868 Lo 03 116 58 3 Monk-nun Creek S.W.of Creston
39 73 369 5k 56 127 25 2.0 Doughty . of Smithers 11k o 09 51 08 117 05 L.3 Spillimacheen R.,S.E.of Golden
Lo 89 Lsh 5k 56 127 25 2,0  Doughty N. of Smithers 15 15 737 5107 1815 «J  Big Bend, Columbla R.
n a L99 sk 05 122 20 2,0 Fraser R., Giscome 16 Sk ns k929 171k bk Clear Creek, Nelson
2 98 718 s 11 122 07 2.0  N.W. of Aleza lake 117 W8 655 Ly 05 115 47 L.5  Spruce Tree Cr.,Yahk Valley
L3 99 n9 Sh 11 122 07 2.0  N.d. of Aleza Lake 18 138 539 49 55 11k Lé L5 Line Creek, N.of Natal
Iy 111 780 5k 05 121 53 2,0  Fraser R., S.of Hansard 1y 67 3o 50 32 115 55 4.5  Shushwap Creek, Radium
us 6 L6 sk 06 122 03 2.0  Aleza Lake Exp. Station 120 W 732 49 25 118 02 LS Deer Park,lower Arrow Lake
L6 8 353 sk 56 12725 2.0  Doughty N. of Smithers 121 29 33 L9 by 116 16 LJ5  SteMary's R., Weof Kimberley
L7 56 39 sk 05 122 03 2.1 Aleza Lake Ixp, Station 122 Ua 5h2 L9 55 11k U5 heb Line Creek, N. of Natal
L8 107 770 54 15 122 20 2.2 Fraser H. of Giscome 123 83 Lré 50 S1 119 52 L.6 2 miles W. of Mciillvray lake
L9 108 m Sl 15 122 20 2.2 Fraser R., N.of Giscome L 6 66 S1 L0 120 10 Le6 Clearwater
50 109 N Sh 10 122 15 242 Fraser R., l.of Giscome 125 39 315 L9 05 116 15 k.6 Boundary Creek,S.W. of Creston
51 128 807 55 18 12719 2.2 16 miles H.E. of Hazelton 126 36 701 5008 115 26 LS. of Canal Flats
52 55 37 5k 05 122 03 2.2 Aleza Lake Zxpt. Station 127 3 MO L9 22 11k 35 ko5 S.E. of Fernie
53 &5 296 54 10 12210 2.2 N.f. of Hewlands 128 19 L2y 5146 120 10 he U of Clearwater
sk 78 389 5L 00 122 00 2.2 Aleza lake 129 88 L7 5100 119 52 L7 MeGillvray Lake
55 79 3% sl 00 122 00 2.2 Aleza lake 130 8 395 5007 119 k2 ka7 MW of Kelowna
56 3 L2 sk 30 124 06 2.2  Fort St. Janes 131 80 32 50 Oh 119 L h7 of Kelowna
‘57 L93 Sk 30 122 L0 2.2  Davie L., Neof Prince George 132 L3 898 51 07 117 15 L7 of Golden
58 10 522 52 20 121 0 2.2 Antoine L. E.of Soda Creck 133 35 699 4910 116 08 4 of Cranbrook
59 11 523 52 25 121 25 2.2 Horsefly lake E.of Soda Cr. 13L 1L9 657 4915 116 1 L8 Kidd Creck 5.W. of Cranbrook
& 50 31 54 07 12150 2.2 6 miles N.E. of Upper Fraser 135 145  6h1 50 3L 119 29 4«9  Spa Lake W. of Salmon Arm
& 1 50 56 30 121 06 2.3 H.,4. Fort St, John 136 139 50 L9 55 11l 55 L9 North Fork Pasa, N. of Matal
&2 3 Lok 5L 20 122 0 2.3  Swmit L.,N.of Prince George 137 15 338 Lo L5 117 00 he9  Cedar Creek 5. of Kaslo
63 1 30 55 20 126 38 2.3 Fort Babine, Babine Lake 138 1hh 636 L9 L6 115 2k 5.0 Swmer L, S.E.of Skookemchuck
6l 57 W 54 17 122 37 243 Yorth of Prince George 139 137 888 50 05 117 kS 540 McDonald Cr. South of Makusp
65 58 k6 5h 05 122 05 2.3 Aleza lLake Exp. Station 10 133 shs L 03 11k k0 S«  Gouldrey Creek W, of Flathead
&6 59 k7 54 05 122 05 2.3 Aleza lake Exp. Station 1l 8 336 50 15 115 L5 5.0 Upper Dry Creek,Columbia Lake
67 123 799 55 02 126 30 2.3 Swithers landing, Babine L. 1h2 27 720 50 26 119 b5 5.1 S.E. of Westwold
68 129 808 Sk 10 127 15 2.5 Telkwa R., W.of Telkwa U3 97 703 4% 26 s o8 S.1 Perry Creek W. of Cranbrook
69 48 385 Sk 15 122 15 2.5  N. of Giscone il 1o skl L9 55 1k kL 5.1  MNorth Fork Pass N. of Natal
R L9 51 5k 10 123 10 2.5  Salmon R.,N.W.of Pr.George 1h5 k6 335 1920 116 08 5.3  Moyie R. S.W. of Cranbrook
n us 9 5L 38 12712 2.5 6 miles S.W. of Telkwa W6 150 857 L4915 117 LS 5.5  S.¥. of Castlegar
7 32 387 Sk 22 122 30 2.6 S miles N.E.of Sunmit Lake 1k7 38 3l L9 18 116 00 5.5  Rabbit Ft.Cr.,S.W.of Cranbrook
73 75 373 Sk 05 127 15 2.6 Morice R.,5.W.of Houston 148 81 39L 50 01 119 L2 545 N.We of Kelowna
7h n2 784 5 S3 126 L) 2.7 Chapman L., N.E.of Smithers 149 1h7 65k Lo o6 11k WO S.6  Cabin Creek W, of Flathead
I3 19 7% Sk 07 125 25 2.7  S.E. of Burns lake 10 W1 337 L9 35 117 48 5.7 HN. of Castlegar

Lats ~ latitude; Long. - longitude; Elev. - elevation
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GEOGRAPHIC ORIGIN OF TWELVE PROVENANCES SOWN IN THE
,COWICHAN LAKE RESEARCH NURSERY .

RN1

79
522

Lo
387
388
773
33k
343
702
338
335
337

] ==
MHS\ow HgO&E oo l.o

Lat.

51206
529201
5,%30!
5,%22!
530!
53%0!
1,9%0!
L7°49!
h9§1h!
L9~ L5t
1,9°20!
149°35!

Registration number

Elev. in
Long. 1000 ft,.
122%3" 240
121°)0! 2,2
122°)0! 243
122930 2.6
122%51 3,0
122910  3.L
116°45! L0
116°16! 4.5
115°58! L7
117%0! Le8
116°08! 5.3
117°h8¢ 5.7

Locality

Aleza lake

Summit. Lake

Antoine Lake, E. of Soda Creek
5 Miles NeE. of Summit Lake
Stone Creek S.E. of Prince George
Naverabu Rd. Prince George
Boundary Creek S.W. of Creston
West of Kimberly

Whitney Creek

Cedar Creek S. of Kaslo

Moyie River S.W. of Cranbrook
Ne. of Castlegar



PART B

During the summer of 1953 sampling was confined to the white=
Engelmann.spruce complex, and 57 samples were made. During the summer of _
196l sampling was extended north to the Yukon border and west to the Coast;
100 areas were samples. The 196l sample, therefore, embraces elements of
both black and Sitka spruce as well as white and Engelmann.

Cones were collected from the ground at the base of each of 5 trees,
which were at least 100 feet apart, in all sampled areas. To avoid contamina-
tion from heighbouring trees, care was taken to collect cones as close as
possible to the bole of the selected tree. At least 20 cones, which were
kept separate by trees, were taken from the base of each tree at each
sampled area. This gave a minimum of 100 cones per sampled area.

General ecological observations were made at each area visited, and
any notable variation in gross morphology of the trees sampled was noted and‘
permanently recorded by means of photographs. In areas where field observa-
tions indicated the presence of sympatric populétions,sampling was more in-
tensive and conducted along transects which passed from one broad ecological
zone to another., Foliage samples were also taken in these areas. Table 5
gives the geographic origin of the 157 cone samples.

In the laboratory a single cone scale and bract were taken from
the midpoint of each of 100 cones per sampled area, and photographed to-
gether with a ruler scaled in mm. (Illus. 3). All subsequent measurements
were made from these photographs utilizing the mm. scale cut from the photo=
graph. A desk magnifier was used to facilitate measurement. Five bésic
measurements were made on each cone scale and bract and transferred directly
to computor data sheets. Five further measurements were then derived from
these basic measurements (Fig. 1). All statistical amalysis were carried

out by electronic computore.



Miscellaneous cone samples were supplied by the reforestation
Division of the B.C. Forest service, by personnel of the Research Division
and also by the Columbia Cellulose Companye. These samples were measured
in the manner described above, but the resulting data were not included in
the main analysis.

In order to clarify the complex pattern of variation in cone scale
morphology, and to facilitate interpretation, recourse was made to extensive
graphing of data. A modified form of the "line of shape" method developed
by Jentys-Szaferowa (1959) was used, and is explained belowe

. From the total number of trees sampled, 5 trees were selected from
allopatric zones of white, Engelmann and Sitka spruce. Since no allopatric
zone of black spruce was sampled it was necessary to select individuals
known to be pure black spruce trees from different sympatric zones of white
and black spruce. These trees, representing the pure form of each of the
four spruces occurring in British Columbia, are henceforth referred to as
standard samples. The cone scale samples of these trees were measured in
the mamner already described, and mean measurements obtained for each of the
four species in its pure form (Table 6).

Table 7 is derived from Tgble 6 and the figures in coiumn 3 of
Table 7,méy be graphed in such a way as to allow a visual assessment of the
iine of shape of one species in relation to another (Fig. 2). In Fig. 2:1
the straight line represents white spruce and is given the,humerical symbol
l. The angular line represents Sitka spruce, and the figures on the
horiiontal line represent the number of times each measurement of the Sitka
spruce scale deviates positively or negatively from the corresponding
measurement of the white spruce scale (See Table 7). The angular line,
therefore, is the characteristic curve obtained when pﬁre Sitka spruce is

graphed on pure white spruce. The figures on the vertical line represent the



10 measurements of cone scale morphology illustrated in Fige le The other
species are similarly represented in Fig. 3.

When a cone scale sample is from a sympatric zone, and is doubtfu%l'
or unknown as to species = the rule rather than the exception in respect of
such samples - it can be graphed against the standard samples, using the
means for the species represented in the sympatric gone. In this way it is
possible to determine the degree to which the unknown sample represents a
known standard sample, and to assess the degree of putative hybridization
occurring in the sympatfic Zone.

A large number of samples have been graphed in this way. For example,
the sampled area is represented by 5 trees, and if the area is a sympatric
zone of white and black spruce, each tree is graphed against standard samples
of white and black, and on the same figure the characteristics curves of white
on black, and black on white (curves 11 and 12 on each figure) are also given
(Figs. 35 to Lk).

In addition to the line of shape method of discriminating species
and intermediate forms in sympatric gones, all cone scale data resulting
from the cone collections made in 1963 and 196l were subjected to dis-
criminant function analysis.

Jeffers (1965) has discussed the uses of discriminant function
analysis in the study of variation. In this same publication he lists the
relevant literature. In the present instance the principal objective of the
discriminant function analysis is to indicate sympatric and allopatric zones
of white and Engelmann spruce, white and Sitka spruce, and white and black
spruce, on the basis of variation in cone scale morphologye.

If for any sample of 5 trees the analysis indicates that two spruce
species afe present, then that sample is classed as sympatric for these species,

even though it contains say four trees of one species and only one of another.



The sample is classed as allopatric if all five trees are of the same

Species according to the analysis.
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TABIE 5
GEOGRAPHIC ORIGIN OF 157 SPRUCE CONE SAMPIES ARRANGED IN ORDER OF INCREASING
ELEVATION

Sample Elev. In Saople Elevation In

40 75 Sh 50 12715 “ 6.5 miles N.W. of Smithera 119 8 shL7 2717 lia 12,5 miles S.W. of Smithers

Ih 15 Sh32 125 . 15 miles N. of Burna Lake 120 155 530k 121 3 . $S miles E. of Quesnel

W2 153 5439 122 b3 . 150 wiles S, of Chetwynd 121 106 S102 1558 K 39 miles E. of Radium

u3 sh6  12h . Aleza Lake Nursery 122 29 5055 120 25 . 3S miles N.W. of Kamloops

L sh1 2L 6 . L miles W. of Vanderhoof 123 9% L9 6 116 56 . 55 miles S.E. of Nelson
156 Sh 18 122 37 S 35 miles N. of Prince Oeorge Lk 13 505 119 5 . L5 miles N.Z. of Kamloope

20 miles N.E. of Princa George rs 89 50 42 11924 11.6 miles S,W, of Salmon Arm

10 miles S.W. of Prince George 126 118 5133 119 UL

105 miles N. of Kamloops

30 miles S.E. of Prince George 127 93  holy 11709 17.5 miles N.E. of Nelson

35.5 miles N. of Prince George 128 102 L9 4 115 31 25 miles N.E., of Cranbrook

No. No. lat. Long. 1000 ft. Location Ne.  No. ILat.  ILong. 1000 ft.o Location
1129 sh1y 128 32 0.2 9 miles Ni. of Xitimat 80 19 510L 11956 3.0 10 miles N. of Kamloops
2 128 sh 15 129 27 0.3 55 m. E. of Prince Rupert 81 19 5625 12109 3.0 Mile 6h.5 Alaska Highway
3 w6 sh15 129 L8 0. 32 miles E. of Prince Rupert 82 78 Shlh 12716 3.0 9.5 miles S.W. of Smithers
L 127 5k 13 130 26 0. 1) miles S.E. of Prince Rupert 83 136 5L 27 12615 3.1 32 miles E, of Smithers
5 125 s4 15 130 8 0.5 1, miles E. of Prince Rupert 84 1,8 56 bl 121 55 3.2 Mile 103.5 Alaska Highway
& 121 5510 129 15 0.5 70 miles N,4¥. of Terrace 8 56 5340 122 25 3.2 30 miles S.E, of Prince George
7 19 852 129 33 0.5 89 miles N.W. of Terrace 8 11 5916 129 37 3.2 152 miles N.E. of Telegraph Cr.
8 1n 54 35 128 23 0.5 12,5 miles E. of Terrace 87 79 5k k5 12717 3.2 10 miles S.W. of Smithers
9 120 553 129 30 0.5 8L miles N,W, of Terrace 88 pnn 58 Lk 12l 55 33 Mile 102 Alaska Righway
10 130 5437 128 L2 0.6 18 miles N. of Terrace 89 115 505, 119 L9 3.3 k1 miles N.E. of Kamloops
u 132 SL 57 128 23 0.7 L3 miles E. of Terrace 0 2, 5055 12025 3.3 30 miles of Kamloopa
12 124 55 16 129 02 0.7 70 miles N, of Terrace 9 50 L9211 120 36 343 31 miles of Princeton
13 133 55 2 128 16 0.8 58 miles E, of Terrace R 63 S0 00 120 36 343 13 miles I Merritt
13k 557 127 46 1.1 80 miles E. of Terrace 93 85 Sk Sé6 126 3L 3.4 26 miles E. of Smithers
15 123 5523 128 53 1.2 8l miles 4. of Terrace S, 109 5130 11718 3.h 30 miles W. of Golden
16 86 5512 127l 1.2 48 miles 3.9, of Smithers 9% 8 53 k0 122 25 3.5 30 miles S,E, of Prince George
17 135 5523 127 36 1.2 16 miles H. of Hazelton 9% 25 50 55 120 2§ 3.5 35 miles M of Fanloops
18 3 5128 120 10 1.3 15 miles 5.3. of Little Fort 97 80 sk L6 12717 3.6 11 miles S.4. of Smithers
19 139 57 55 131 11 1.3 Telegraph Creek 5.,W. of Watson Lake 96 87 S0 k2 11923 3.6 9.6 miles S.v. of Salmon Arm
20 122 55 28 128 47 1.k 10k miles ¥, of Terrace 99 9 5318 122 08 3.7 L0 miles N.E. of Quesnel
2 117 5135 119 53 1.4 91 miles N. of Kamloops 100 26 5055 120 25 3.7 35 miles N.W. of Kanloops
' 22 L5 58 37 122 1) 1.6 29 miles S, of Ft. Nelson 101 58 L9 o4 120 50 3.8 Manning Park
¢ 23 W6 58 12 122 L 1.7 Mile 2Lk Alaska Highway 102 20 5103 11953 3.8 L0 miles N. of Kamloops
2 U3 59 39 126 53 1.7 Mile 532 Alaska Highway 103 108 5121 1163 3.8 20 miles W. of lLake Louise
25 16 51 08 120 Q2 1.8 40 miles N. of Kaulodps 104 147 5717 122 1% 3.9 ¥Mile 168.5 Alaska Highway
26 52 L6 122 26 1.8 58 miles N. of Williama Lake 105 27 5055 12025 3.9 35 miles N.4. of Kamloops
27 N 5450 127 1 1.9 6 miles N.W, of Smithers 106 $7 530 122 25 3.9 30 miles S.E. of Prince George
28 sk s 127 08 2.0 10 miles S.E. of Smithera 107 99 L9 313 116 27 3.9 118 miles NW,¥. of Cranbroock
29 67 52 55 122 27 2.0 69 miles %, of Willlans lake 108 11 5052 11950 3.9 43 miles ¥.E, of Kamloops
30 32 5150 120 03 2.0 200 miles N, of Kamloops 109 @ 906 120 50 ) Manning Park
it 3 SL 06 122 Ok 2.0 4O miles N.E. of Prince George 110 81 shh7 12717 4.0 12 miles S.W. of Smithers
R» L 5402 121 0 2.0 50 miles N.E. of Prince George 111 37 5150 12003 L0 100 miles N. ¢f Kamloops
33 69 Sh 06 122 23 2,0 2k miles E. of Prince George 112 22 sobks uon ) 20 miles N.E. of Salmon Arm
3L 1hk2 59 58 128 09 2.1 30 miles S.E. of Watson Lake 113 59 L9903 120 51 ko0 Manning Park ,
35 51 53 L0 222 25 2,1 30 miles S.E. of Prince George llé 88 50 k2 119 23 L0 10,5 miles S.Y. of sul.mcn Amm
36 151 5537 122 00 24 .21 miles W, of Chatwynd i1 105 50 48 1600 . _ L.O. 21 miles E. of Rad .
37 17 5110 120 05 2.1 50 miles N. of Kanloops 116 1 ko6 116 5L L 59 miles S. of Helson
38 &5 5221 122 20 2.2 2l miles N, of Willlams Lake 117 % 5008 118 3L Ll 10 miles E. of Vernon
39 12 §300 122 30 2 2 miles N. of Quesnal 18 28 50 55 120 25 L.l 35 miles N.W. of Kamloops
2
2
3
3
3
3
h
I
L
5
S
S
6
6
6

2
2.2
2.2 L
2.2 u
2.2 b
2. L
2.3 k
2.3 L
2.3 k
2.3 N
2.3 L.
58 1) 130 38 2.3 39 miles of Telegraph Crk. 129 18l 50 39 116 00 L. S miles E. of Radium
51 L7 L9217 11713 2.4 20 miles 5. of Nelson 130 36 5150 12003 L 100 miles N. of Kamloopa .
52 Sh20 122 37 2. 30 miles N. of Prince George 131 L3 Lyo03 11700 e L0 miles E, of Trail
S3 13 Sh 26 124 21 2.4 3 miles W. of Ft. St. James 132 103 L9 47 115 27 Le 64 miles N,E. of Cranbrook A
sk 8 553 126 30 2. L7 miles E, of Smithers 133 21 5100 119 50 b 10 miles N. of Kamloops
55 157 S35 122 52 2.4 1k miles W. of Prince Gearge 3l 2 L9 ki 11709 b7 18 miles NyE, of Nelson ,
56 152 S5 21 222 36 2.4 7 miles S. of Chetwynd 135 35 5150 12003 b7 100 miles N. of Kamloops
57 ks sk 13 125 39 2.5 65 miles W. of Vanderhoof 136 23 50 W6 119 27 be7 10 miles N.W. of Salmon Arm
58 76 Shby 12711 2.5 S miles S.W. of Smithers 137 30 5055 120 25 b7 35 miles
59 53 S31 12225 2.5 30 miles S.E. of Prince Ceorge 138 58 k912 118 00 b7 20 miles
5345 122 30 2.5 20 miles S.E. of Prince George 139 16 5033 N9 'y S5 miles
61 53 0 122 5% 2.5 20 miles S. of Prince Ceorge 10 110 50 59 119 33 b7 55 miles
62 L6 L9 o2 11710 2.5 40 miles W, of Cresten 11 112 S0 k8 119 52 L.8 LB miles N.E. of Kamloops
63 61 L9 1k 121 06 2.5 Manning Park 2 62 L95 120 16 L.8 Manning Park
[ ” sh 03 12h L2 2.5 31 miles W, of Vanderhoof 1h3 90 50 k2 1925 L.8 12,9 miles S.W. of Salmon Am
&5 33 5150 120 03 2.6 100 miles N. of Kamloops 14 3h 51 50 120 03 L.9 100 miles N. of Kamloope
52 12 122 06 2.7 6 miles N, of Williams Lake s 95 L9 6 116 58 k.9 53 mlles S,E, of Nelson
67 53 5, 123 26 2.7 Ll miles W. of Prince George 6 101 L9 17 11558 L9 25 miles S.W. of Cranbreak .
68 Sk 53k 122 25 2.7 30 miles S.E, of Prince George 17 98 k9 2L 11610 S.l 33 miles N.W. of Cranbrook '
69 2 §3 k5 122 15 2.7 30 miles S.Z, of Prince George 148 L2 L9 03 117 00 Sel L0 miles E, of Trail
0 55 k5 120 38 2.8 19 miles W, of Dawson Creek 9 45 L9 06 116 5B 5.1 30 miles W. of Creston
n 18 5105 120 00 2.8 35 miles N. of Kamloops 150 39 5005 11910 5.1 10 miles S.W. of Vernon
7 L9 Ly o7 118 35 2.8 10 miles W. of Trail 151 11} S0 h7 119 52 2 52 miles N.E. of Kamloops
73 77 Sk bl 12712 2.8 5.8 miles S,W. of Smithers 152 Lh k9 07 116 5l Sols 25 miles W, of Creaton
nu 137 SL29 12615 2.8 67 miles E, of Smithers 153 9 L9y6 1171 5. 51 miles S.E. of Nelson
75 138 59 48 129 08 2.9 1S miles S.W. of Watson Lake 15k 107 5112 116 05 5.5 68 milea N,E, of Radium
7% 83 Sk LS 12702 2.9 10.5 miles . of Smithers 155 100 L4920 116 06 546 2k miles S.W. of Cranbrook
77 38 51 50 120 03 2.9 100 miles N. of Kamloops 156 Ll L9 15 117 22 5.8 25 miles S, of Nelson
78 55 3 W 122 25 2.9 30 mtles S.E. of Prince George 157 97 L9 29 w608 6.7 25 miles N.W. of Cranbroak -
__19_6. Sh 07 321 | hh 3.0 & miles N,E. of Prince George .
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Fig. 1 Diagrammatic representation of spruce scale and bract showing
' five basic measurements. The five derived measurements are
/i2, 11/13, L1/, I11/W2, and 11/12 X I3. The order of
occurrence of these 10 measurements. in_all subsequent figures
and tables is as follows:

1 2 3 4 5 6 17 8 9 10
Il 12 13 W1 W I1/12 11/13 LAl I1/w> I1/12 X 13

Le
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Illus. 3. Cone scale morphology of Engelmann (1) Sitka (2) white (3) and
black (L) spruce. The first column of scales in l; are from a
white spruce tree. The remainder are black spruce. Each column
of 20 scales and bracts represents a single tree.



TABLE 6 _
CONE SCALE MPRPHOLOGY OF BLACK, WHITE, ENGEIMANN AND SITKA SPRUCE

S P Ll 12 L3 W W Ii/io Pl/Léj han T, 11/:;2x13

138-3 1.02 0.82 0,32 0486 0476 1.2L 3.27 1.19 1.36 0439
Ih3=3 1409 0682 0430 0692 0675 1433 3467 119 146 0.40
l).l).l."'l O.8L|, 0068 0022 0068 0.60‘ 1.2h 3.81 1025 1.).‘1 0028

BLACK

1U45=5 1.13 0483 0431 0497 0.80 1.37 3480 1.17 1eh6 042
146=] 112 0.79 0.2 100 0,81 1loii3 Le76 1,12 1.10 0e35

x 1.0L 0.79 0.28 0.89 0.7h 132 3,86 1.18 1.42 0.37

6l=1 1.16 0499 045 0,91 0,82 1,18 2463 1.29 1.2 0.53
65-1 1.16 0.99 0.43 0.89 0.79 1.18 2.78 1.32 1.48 0.51
70-1 1.17 1.01 O.46 0.93 0.82 117 2.60 1.27 1l.hb 0e5h
- Tl=1 1.1 0,98 0.5 0.84 0477 1.1l 2452 1.33 145 0.51

WHITE

72=1 1.20 1,00 0.2 1,05 0,92 1.20 2,96 1.1k 1.32 0.50

1.16 0,99 0.4y 0.92 0.82 1,17 2.70 1.27 1.2 0452

M1

93-1 1.21 0.86 0.59 0492 0.67 1.1  2.09 1.32 1.9 0.82
95=1 132 1,00 0e5L 0488 0462 1e32 2449 149 2.16 0472
99=1 1.51 1,15 0.6h4 0.97 0459 1e32 2437 1e56  2.60 0.84

ENGEIMANN

1161 1425 0492 0454 0688 0461 1437 2635 1lehli 2612 0.7h
1168=1 1e3L 0499 0459 0483 0.57 1.35 2428 161 2.39 0.80
X 1e33 1400 0658 0,90 0,61 135 2.32 18 2.2 0.78

119-1 1422 1,00 0482 0462 0,52 1423 151 1497 2435 1.00
120-1 1.48 1,06 0487 0.76 0.51 140  1.73 1.97 2.97 1.21
125-1 1.25 0.90 0,73 0480 0457 1.l 1.7h 1.58 2.23 1.02

U181 1462 1.1l 0.98 0489 0452 1.6 1.66 1.83  3.15 1.3
129-1 1.57 1.1L 0,83 0.71 0,50 1.38 1.92 2.21 3,16 1.1k
% 143 1.0L 0485 0476 0452 1438 1.71 191 2477 1.16

SITKA

S - species, P - provenance, I] - etc. - measurements as indicated in fige 1.



TABIE 7

COMPARISON OF MEANS OF CONE SCALE MORPHOLOGY OF WHITE AND SITKA SPRUCE

M TS st sxm%mm
L 1.16 1.3 123 51
L, 0499 1.0 105 = 1
Iy . 0.l 0.85 1.93 ¢ 1
W 0.92 0.7 083 21
Wy, 0482 0452 0.63 : 1
In/Ip 1.17 1.38 1.18 : 1
Iy/Ly 2470 1.7 0.63 : 1
Ly /iy 1.27 1.91 150 =1
I /M, L.h2 2.77 1.95 & 1
L/Ip x Iy 0452 1.16 2.2 11

Column 3 represents the number of times each of the 10
measurements for Sitka deviates positively or negatively
from the corresponding measurement for white spruce.

M - measurements illustrated in fige. le.



Figo 2

L9

Characteristic curves obtained when cone scale morphology of popu-

lations from allopatric zones of white, Engelmann and Sitka spruce

is compared by line of shape method (see page L1 for further ex

planation).
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The numbers 1 to 10 on the vertical bars represent the 10 cone scale measure-

ments illustrated in fig. l.

The numbers on the horigzontal bars represent

the number of times each measurement on one species deviates positively or
negatively from the corresponding measurement on the species with which it

is being compared.
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Characteristic curves obtained when cone scale morphology of popu-
lation from allopatric zones of white and Engelmann spruce is

compared by line of shape method.
from an allopatric zone.

0.6
] L

The black spruce sample is not

(See page i1 for further explanation).
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The numbers 1 to 10 on the vertical bars represent the 10 cone scale measu-

rements illustrated in fig. l.

The numbers

on the horizontal bars repre-

sent the number of times each measurement on one species deviates positively
or negatively from the corresponding measurement on the species with which
it is being compared. :
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RESULTS

PART X~
GEOGRAPHIC VARTATION IN IMVMATURE POPUIATIONS OF WHITE SPRUCE

GERMINATION AND GROWTH BEHAVIOUR OF 150 SPRUCE PROVENANCES SOWN IN THE
SPRING OF 1965, -

There is no significant correlation between germination behaviour at
15°C, and the indices of seed quality EDl4 and ED3 + EDL, but the index of
seed quality ED3 and germination behaviour are éignificantly correlated at

this temperatufe (see Table 2 for definition of ED3 and ED)).

At 20°, 25° and 30°C, there is no significant correlation between
the index of seed quality ED3 and germination behaviour, but germination be=-
haviour and the in@ices of seed quality EDL and ED3 + EDlL are highly corre-
lated. The highest correlation between gérminatién Behéviour and seed qua-
lity occurs at 259C, and is between AGP (actual germination percent) and
ED3 + EDh (Tables 1l to 17). ' |

' ' Germination behaviour is correlated positively with altitude and
negatively with the index of the vegetative period. The correlation is
strongest at extreme temperatures, that is, at 15° and 30*@, and weakest at

intermediate temperatures, that is 20° and 25°C, The latter temperatures

also result in maximum germinative values (Table 18).

Germination behaviour is also §ignificantl& correlated with lati=-
tude, but only at extreme temperatures. It is not'sigﬁificantly correlated
with latitude at 20° and 25°C, However, when germination behaviour at 25%.
is corrected for embryo developmént, the correlation between germination

behaviour at this temperature and factors of the enviromment is increased,

and rate of germination (PV) at this temperature is then significantly

correlated with latitude (Table 18)e
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All measures of total growth, except root collar diameter in the
first year, are highly correlated with altitude and the index of the vege-
tative period both in the first and second year; negatively with altitude
and positively with the index of the vegetative period. Of the first year's
measurements, root collar diameter (RCD) and the ratio of shoot length (SL)
and root collar diameter (SL/RCD) are significantly correlated with latitude;
RCD negatively, and SL/RCD positively (Table 21).

| The percent of seedlings flushed on April 6 in the second year, which
is the first date on which flushing was assessed, is not correlated with any
factor of the enviromment. However, percent flushed on April 1k, and April
20 is correlated with all three factors of the enviromment, positively with
latitude and the index of the vegetative period, and negatively with al-
titude. Percent flushed on April 27 is not correlated with latitude, but is
positively correlated with the index of the vegetative period and negatively
with altitude. Therefore, low elevation provenances flushed before high
elevation ppovenénces (see Table 19).

The corfelation bétween flushing and factors of the environment
is much weéker than the correlation between dormancy and factors of the
enviromment (Fige. 19).

Of the other second year's measurements SL/RCD, percent dormant
on June 30, July 7, 1L, 21, are siénificantly correlated with latitudes
SL/RCD positively, and percent dormant on all four dates negatively. Pércent
dormant on June 30, July 7, 1L, 21, 28, and August L is very highly corre-
lated with altitude and the index of the vegetative period, positively with .
altitude and negatively with the index of the vegetative periéd. The highest
correlation between any one measurement of growth behaviour and factors of

the environment is that between percent dormant on July 14 and altitude.
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The correlation coefficient in this instance is 0,862 (Table 21 and Fig, 8).

There is a high correlation between date of entering dormanby and
total growth of seedlings., Those seedlings which were the first to enter
dormancy in midsummer had the lowest dry weight., The correlation coefficient
for dry weight and percent dormant on July 28 is - 0,80 (Table 21).

There iq a wegk correlation between growth during the second
grdwing season and latitude. However, growth is highly correlated with
altitude and the index of the vegetative period. Growth to May 10, is
positively correlated with altitude, and negatively with the index of
the vegetative period (Table 20).

Growth between May 10 and May 24 is not correlated with any
factor of the enviromment, but growth from May 24 to June 6 is again
highly correlated with factors of the environment as expressed by alti-
tude, and the index of the vegetative period. However, at this phase
of the growing season the relationship is reversed, and growth from
May 24 to July 6 is negatively correlated with altitude, and positively
with the index of the vegetative period (Table 20).

The strongest.correlation between growth and factors of the
enviromment is that between the index of the vegetative period and growth

on June 20 (Table 20).

Percent flushed on the dates assessed is correlated with other
measurements of growth,‘but these correlations are considerably weaker
than the correlations between dormancy and the same measurements
(Table 22).

Seventeen of the variables assessed in the 150 provenances at

Cowichan Lake were subjected to principal component analysis., These variables
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are listed in Tables 22 and 23, and identified in Table 2. The results of
the analysis are given in Tables 22 to 2l inclusive.

Table 22 shows the degree to which these 17 variables are correlated.
It is obvious from this table that many of the 17 variables are highly correl-
ated, and_that a much smaller number of "fundamental dimensions® (Gardiner and
Jeffers 1963) could account for a high pércentage of the total variation
measureds

Table 2l gives the percentage of variation accounted for by each of
four new variates. These new variates or components, are based on the matrix
of correiation coefficients given in Table 22, The first component alone
accounts for 57.85 percent of the original»variaiion, and all four components
account for 87 percent of the variation.

Table 23 gives the weighting for the original variables in the
computed éomponents. From this table it is possible, to a considerable ex-
tent, to assign biological significanée to at least the first two components;
which between them account for 72.77 percent of the total variation.

.Referring.to Table 23 it is clear that measurements of dormancy, and
associated measurements of growth (variables 3; 6, 14, 15, 16, 17 in Table
23) are strongly represented in the first component and that dormancy'is one
ofAthe most significant measurements made in illucidating the variation
pattern in immature spruce populations. A measurement of flushing is strongly
represented in the second component (variable lj in Table 23). The third

component is not easily identified, but measurements of gerﬁinaiion rate

appear to be incorporated in the fourth component.
GROWTH BEHAVIOUR OF THE 12 PROVENANCES SOWN IN THE SPRING OF 196L.

Growth behaviour of the 12 provenances sown in the spring of 1964
in the Cowichan Lake nursery was significantly different in the first year at

the 0,01 level of probability, and there was no interaction between the
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differential growth response of the 12 provenanceé and soil type. On the
prepared soil the 12 provenaﬁces, segregated accérding to growth response,
formed two intergrading groups. Group one comprised high-elevation prove-
nances from southern latitudes, and group two low elevation provenances from
northern latitudes (Fig. 6).

Maximum differenées between provenances occurred in the greenhouse:
on the local soil during the second growing season. Growth rate during the
second growing season is illustrated in Fig. 7, and differences in total growth
between high and low elevation provenances in the greenhouse is shown in
T1luse. L. Table 13 gives the means of flushing and dormancy measurements

made in the second year.
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I1lus. i« The differential growth behaviour of spruce populations from different
elevations when grown in a plastic greenhouse on regular nursery soil.

-~ 30 miles northeast of Prince George, elev, 2200 ft.

= 10 miles north of Prince George, elev. 2300 ft.

- 30 miles southeast of Nelson, elev. 4000 ft.

25 miles northwest of Nelson, elev. 5700 ft.

Vi oo



Fige L Variation in embryo development in a number of provenances

from two spruce seed crops.

EMBRYO DEVELOPEMENT

1959 SEED CROP

EMBRYO DEVELOPEMENT

1961 SEED CROP

Note the uniform quality of the 1961 crop in relation to the heterogeneity
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of the 1959 crop. A completely occluded circle indicates that the seed has

an embryo development of 100% class IV.

(See Illus. 2)
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3| 103 0.1 18| 183 2.7 «
A o131 0.1 19 12 2.7
| s| 132 0.1 17 2.7 SPRUCE PROVENANCES IN A
| 6| 101 0.2 81 69 2.1
7| 1o 0.3 82 | 100 2.1 COASTAL NURSERY ON JULY 15 !
| 8] 105 0.3 3] 1 2.8 |
‘ 9| 130 0.4 8% | 113 2.9
10| 63 0.4 851 1us 2.9 |
| 1} 123 0.6 86 9 3.0 |
12 93 0.7 81 18 3.0 |
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Fige 5 Relationship between degree of dormancy at the Cowichan Nursery on July 15 and altitude at
place of origin of each provenance. Note that high elevation provenances go dormant first,
then low elevation provenances followed by those from areas of coastal influence, e.ge

the Nass and Sheena river basinse
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Relationship between growth of 12 spruce provenances in a uniform
environment and elevation at place of origin. Each point on the
curve represents the mean of 20 l-year-old seedlings.
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Second years growth
Iy envirorments.

of 12 spruce provenances (6 low elevation and 6 high elevation) in
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1 and 5 artificial soil mix inside the greenhouse; 2 and 6 regular nursery soil inside the greenhouse;
3 and 7 artificial soil mix outside the greenhouse; L and 8 regular nursery soil outside the greenhouse,
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Relationship between altitude at place of origin and degree of dormancy of each provenance on July 1l at
the Cowichan nursery. Each point on the curve is the mean of 60 seedlings. A seedling was scored as
dormant when the terminal needles of the epycotil were stiff and whorled, and a terminal bud visible.

It is obvious that a more sophisticated method of assessing dormancy would reveal an even stronger
relationship with altitude, Two provenances of uncertain origin have not been included in this graph.

9



62
TABIE 8
SEED CHARACTERISTICS OF 150 SPRUCE PROVENANCES ARRANGED IN ORDER OF
... . INCREASING EMBRYO DEVELORMENT

Prov. Reg. Elev, in  F5P ED SW SA Prove Reg. Elev, in  FSP ED SW SAT

No. No. No. 1000 fr, C III C 1V £ms . years No, No. No. 1000 ft, C II1L C IV gms, Jears
1 133 . 545 5.0 8u,.5 15,3 0.3 0.169 2 76 78 389 242 93,0 2.6 73.3  0.166 7
2 68 355 2,0 70.5 5.0 14,0 o0.l28 7 17 126 805 1,2 8l1.5 545 73.8 o0.202 4
3 75 373 2.6 23.0 3.3 1lhe3 0.137 7 78 19 429 4,6 98,5 17.8 74,0 0.18% 7

. 4 118 790 3.0 715.3 4,5 16.3 0.155 L} 79 113 189 249 96.0 12.5 75.5 0.19% 4
S 129 8ol 0.6 20,3 0.3 20,0 0.136 L} 80 3 b2 2.2 78.0 1.8 795.8  0.209 10

s 129 8os 2.4 28.3 1.5 25.3 o0.150 " b 8L 11 382 1.9 85.3 5.5 76.3  0.171 7
7 145 6Ly k.9 69.0 32.8 27.8 o.lk9g 2 82 130 809 0.b 81.8 2.3 76,5 0.211 U

1 8 137 288 5.0 59.5 19.8 29.5 0,155 2 83 57 i3 2.3 86.3 3.8 77.3 o.212 10
9 140 541 5el 8643 36.8 30,0 0.196 2 84 uh 132 b5 9643 1.3 77+5 0.200 5
lo 72 366 2.0 83.3 5.0 33.0 0,139 7 85 16 367 2.0 92.3 8.0 77.5 0.lk2 7
11 81 394 5.9 86,9 33+5  33.0 0.17b 7 86 59 4y 243 80.5 1.9 78.0  0.206 10
12 127 806 1.5 4l.0 3.5 33.8 o0.l29 4 81 60 ug 2,0 85.3 2.8 78.8 o0.190 10
13 128 8o7 242 38.5 2.8 35.3 oO.lbo ) 88 11 523 242 82.8 2,0 19.0 0.1z 7
14 66 336 5.0 91,0 7.8 38.0 o0.177 7 89 1lo0 1 1,0 94,0 4,0 79.8 0.186 Y

f 15 13k 576 b,2 48,0 5.8 38,0 0,198 2 90 16 379 1.5 86.3 b5 79.8 0.168 1

j 16 13 369 2.0 k9.0 2.3 bo,0 0,117 1 91 112 184 2.7 a7.8 1l.0 80,5 0.177 L
17 85 U6 0.7 47,8 0.5 k0.0 0,162 7 92 90 488 3.5 87.3 4,5 80.8 0.216 7
18 U3 898 b7 86.3 25.3 Ul,0 o.l7b 2 93 107 110 2.2 89,8 2.8 80.8 0.139 U
19 42 113 34 55.% 3.8 41,3 0.186 &y 9k 142 515 3.8 86,8 3.8 80.8 n,.212 2
20 23 147 k0 81.5 8,3 41,5 0,211 9 95 132 L1} 0.1 91,8 5.3 81.3 0,18 2
2l 135 858 ho2 4b,0 0.5 41,8 o0.l9b 2 96 106 169 1.9 89.3 2.0 82.0 0.162 b
22 124 800 1.2 k7.0 2.5 k2.3 o.l¥0 L[] 97 %) 623 2.7 94,8 6.5 82,3 0.200 ?
23 4l 337 547 90,0 18.0 k3.0 0,184 7 98 W7 119 2,0 96.3 1.8 82.5 0.182 4
24 18 356 3.0 56.8 9.5 43,0 o.l60 7 ag 86 428 .2 96.3 7.8 83.5 o0.170 7
25 4 kg3 2.2 53.0 3.0 k4.0 o0.167 T 100 58 46 2.3 87.8 3.3 83.5 0.269 8
26 14 370 2.3 570 9.5 bu,0 o,204 1 101 L8 385 2.5 89.0 2.0 84,0 0,164 7
27 150 857 , 5.5 68.8 9.0 bkb,3 0.187 H 102 9l 529 0.1 98.8 2.3 8k.0 0.199 7
28 74 371 363 85.8 17.3 4,3 o0.150 7 103 15 737 3 87.8 1.0 8L.8 0.233 5
29. 121 197 1.9 50.5 1.0 45,5 0,111 Y i 1ok 96 692 0.l 93.0 3.3 84,8 o0.22% 5 !
30 71 365 2.0 5543 1.5 45,5 0.176 7 105 10 522 2.2 91.8 2.3 84,8 o.lu7 7
31 14y 635 5.0 85.5 22.0 7.8 o0.198 2 106 b Lol 243 93.0 3.5 85.0 0.168 7
32 61 66" 4,6 85.3 28.5 48,0 0,216 9 107 .» 13 358 1.7 | 89.5 2.8 85.0 0.159 71
33 82 395 L.7 59.5 7.5 "u8.3 o0.16% 17 ' 108 2k 741 L2 92.0 2.3 85.3 . 0.236 5
34 Al 2Bk 0.9 53+3 2.5 49.0 o0.13% 8 109 1 50 2.3 90,3 3.0 85.3 o0.204 10
35 139 540 k.9 B7.0 29.3 50.5 0.190 2 ilo 123 179 2.3 96.8 6.3 85.8 o0.182 v
36 17 374 2.7 5T+9 1.5 50.5 0,134 7 111 30 393 4,1 93.3 3.5 86.5 0.181 700
37 147 654 5.6 9k,5 32.8 s51.5 o0.r02 2 112 3l ELL i, 0 98.5 4.8 86.5 0.193 7
38 148 655 4.5 55.8 1.8 s5i.5 0.175 2 il3 50 b3l 2.2 93.3 1.8 86.5 0.176 7
39 us 338 L.9 76.3 8.5 52.5 0.105 7 114 89 a5k 2.0 97.0 6.3 87.0 o0.lok 7
Lo 87 430 4.2 94,8 28.0 52.8 o0.172 7 115 51 u1 1.7 90.8 1.5 87.0 0,22t 10 1
ul 119 199 2.1 62.0 7.5 3.0 0.l69 b 116 2l 518 3.8 97.3 6.0 87.5 0.lko 7
L2 138 539 k.5 88.0 30.3 54,0 0.185 2 117 (1 746 2,0 90.5 1.8 81.5 0.l192 bl
u3 120 796 3.2 99.0 17.8  55.0 o.l72 4 118 36 70l 4,6 94.8 1.5 87.8 0,197 5
W 37 3k 3.8 k4.0 2.0 56.3 0.169 7 119 55 37 2.2 91.3 . 2.3 88.3 0,206 1o
Ls 79 350 2.2 92.3 2.5 56.3 0.202 7 120 116 192 l.0 98.5 k.5 88.5 0.189 y
ué 149 651 4.8 92.3 28.5 57.5 0.218 2 121 Sh 715 4b 95.5 2.9 88.8 o0.212 3
%y 88 Uiy 4.7 89.8 23.0  57.5 0.172 7 122 117 193 1.1 ok.8 3.8 89.3 0.201 Yy
48 lok 166 0,3 62.8 1.3 59.0 0.158 ) 123 92 525 0.8 9343 1.8 89.5 0.185 7
L9 22 150 4,0 69.8 B.5 59.0 0.197 9 124 3b 710 5,6 9543 3.3 90,0 0,20k 5
50 70 364 2.0 85.3 12.8 60.8 o0.139 1 125 2 48 2,0 23.8 245 90.0 0,215 8
51 141 542 4.6 91.0 22.5 61,8 0.188 2 126 56 39 2,1 95.3 2.8 90.3  0.205 lo
52 20 k27 3.5 75.0 1.3  62.3 o0.l27 7 127 91 bg9 2,0 a7.B 3.8 90.3  0.173 7
53 ] 345 4.6 8o.8 9.3 63.0 0,206 7 128 26 738 bo2 98,3 1.5 91.3  0.232 5
5 83~ b6 ' 9l,0 18.5  63.3 0.16b 7 129 295 140 1.4 96,0 1.8 91,3  0.233 5
55 84 Uiy 4,0 66.5 . 2.0 63,3 0.131 7 130 105 161 0.3 99,3 3.3 91.8 o0.2%2 L[]
s6 -~ 38 341 5.5 88.5 14,8 64,0 0.186 1 131 ko 709 b,3 96,5 1.0 92.0 0.189 5

"1 122 798 1.9 78.5 6.3 6Ab.5 0.168 4 132 103 748 0.1 94,3 0.8 92.5 0.203 5

I 58 67 ko 4.5 85,0 10.5  65.3 0,168 7 133 27 720 Sel 98,0 2.0 92.8 0.193 5

1 59 118 794 2.5 81.3 3.3 66.5 0,200 4 134 53 2uo 3.1 97.8 2.5 93.5 0.252 8

' 60 136 868 k.3 15.0 5.5 67.0 0,186 2 135 97 103 T 5.1 98.8 3.3 93.5 0.220 5

C6l 111 780 2.0 80.3 1.8 67.3 o0.117 y 136 35 699 L7 99.3 1.3 93.8 0,218 5°
62 9 388 3.0 84,3 9.8 67.3 0.183 7 137 102 749 345 98,3 2.8 93.8 0,203 5
63 £9 359 2.7 86.0 10.0 68,3 0.l 1 138 ug 51 2,5 96.8 1.3 93.8 0,175 1o
11 32 387 2.6 86.3 12.8 68.5 0.196 7 139 52 725 b2 99.3 3.5 94,0 0,235 5
65 62 905 1.4 17.0 2,3 68.5 0.183 H 1o 33 7T b2 98.8 1.8 94,0 0.217 5
66 8 353 2.0 74,0 2.0 68,8 o0.166 7 141 7 722 2.8 97.8 1.8 9h,0  0.193 5
67 108 71 242 82.8 4,0 69,0 0,15 ) 1b42 63 281 0.4 100,0 340 9k.0 0,283 8
68 28 33b 3.8 88,8 9.0 69,5 0,180 7 143 131 8uo 0,1 98.8 3.8 9k,0 0.172 4
69 8o 392 4,7 96.5 16,0 70,0 0,16k 7 154 98 718 2,0 28,8 2.0 94,0 0,187 5
70 146 1 4,0 8.5 1.5 70.8 o0.19% 2 1k5 1ol The 0,2 97.8 1.8 94,3 0,256 5
71 115 791 2.9 97.8 8.0 71.8 o0.l9l . 1k6 95 691 ¥,0 97.8 1.8 ORI s
72 29 343 4.5 83,8  b,3  72.3 0.173 7 147 65 296 242 99.3 3.0 94,8  0.26 9
73 12 380 2.7 80,0 5.0 72,3 0.173 7 168 99 19 2,0 9743 1.3 5 95.0 0,171 5
T4 100 172 2,2 81.0 2.8 72.5 o0.130 & 1h9 100 723 2.7 9%.3 2.0 95.8 0.20% 5
75 ¥ 335 5.3 8349 b9 73.0 0.185 1 150 93 526 0.7 99.0 2.3 95.8& 0.195 7

—— . |

~FSP - full seed percent; ED: - embryo development; C III - percent embryo class
"III (embryo measures between half and three quarters. embryo cavity); C IV -
percent embryo class IV (embryo completely occupies embryo cavity); SA - seed
age; SW - seed weight is the average of L} replications of 100 seedse
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TABIE 9
GROWTH BEHAVIOUR DURING THE FIRST YEAR IN THE NURSERY

Prov. Reg. S.L. R.C.D. Dry We, Prov. Reg. S.L. R.C.D, Dry We.
No, No. Lat. Long. FElev, Days (cm cm) S,L./R.C,D, {gm No, No. Lat, Long. Elev, Days {ca) (cm) S.L./R,C,D, ({(gm)
1 50  56.50 l2l.l0 2.3 13 6.9 133 52.90 L7 6 3719  55.60 127.83 1.5 97 8.8 .153 58,09 2.2
H A8 53.67 l22.20 2.0 85 1.8 L1k 2.21 2.06 71 382 55.60 127.83 1.9 97 8.7 .¥9 59.08 2.35
3 bz 5k.50 12b,25 2.2 88 1.6 L1481 54,86 1.99 18 389 5k.08 122.08 2,2 91 8.1 150 5,23 2.19
1 493 58,50 122,67 2.2 88 1.7 150 51,95 2.15 79 390 5408 122,08 2.2 91 8.1 ,161 50.67 2.43
5 gk 54,33 122.67 2.3 87 7.8  .15% s1.12 2.22 80 392 50.07 119.68 h.7 60 1.6  .l62 87.18 2.1%
6 746  5h.l0 122.05 2.0 95 9.0  .163 55.38 2.80 81 398 So.02 119.70 5.5 b2 6.5 156 80,76 1.6h
1 722 58,07 l2l.35 2.8 11 8.9 160 55499 2459 82 395 S0.12 1ll9.70 k.} 59 1.6 163 87,09 2.0%
8 353 58.93 la2t.%2 2.0 90 8.1 .lb2 58.17 2.01 83 %16 50.85 119.87 k.6 51 7.1 165 b6.35 2.20
9 388  53.67 l22.b2 3.0 75 1.9 158+ 49,81 2.29 84 417  s5l.23 l20,25 %,0 68 7.9 .150 52.34 2.10
lo 522  52.33 l2l.67 2.2 lo2 7.9 2143 55.23 2,0k 85 426 58,67 128,75 .7 121 10.0 .168 50,14 2.65
11 523 S2.b%2 l2l.k2 2.2 1ol 8,0 .1k 54,12 2.03 86 "28  51.73 120.08 4.2 60 6.8 .151 55,16 1.81
12 380 55.60 127.83 2.7 10 7.1 146 89,38 1.87 87 830 50.67 119.58 k4.2 67 7.1 157 b5 kY 1.85
13 358  59.41 127.83 1.7 93 8.3 .52 54,69 2.1% A8 447  sl.oo 119.87 .7 54 7.2 L1599 84,82 2.0l
1h 370 595.33 126,63 2.3 8o 7.8 .5k 51,43 2.13 89  Msh  sh.93 le7.é2 2.0 90 8.6  .159 55.18 2.85
15 737  sSl.lz 118,25 .3 62 8.5 7% 38.19 2.6% 90 488 kg9.07 120.88 3.9 93 8.0 167 k7,82 2.24
16 367  S5h.93 127.%2 2.0 90 6.5 .l128 50,75 1,39 91 899 5h,08 l22.33 2,0 95 8.2 .162 50,61 2.53
17 378 5B.ks 126,90 2.7 17 6.3 o125 50.24 1.h2 92 525 58.75 1l28.75 .8 18 8.3 W19 56,58 2.0k
18 . 356 54,13 l27.15 3.0 72 6.9 +lbo 49,81 1.88 93 526 55.08 129.33 o7 118 9.6 <168 59,10 2,45
19 %29  51.77 120,17 b6 51 7.1 J159 4,00 2.02 9% 529  53.67 132.33 a1 181 10.5° .l12 60,08 2,93
20 427 5l.70 120.17 3.5 16 T3 o185 50,63 1.73 95 691 h9.l2 120.88 .0 82 8.8  .l9o §h,51 2.88
21 ¥i8  s5l.i7 teo.25 3.8 73 7.2 o152 57,18 1.86 96 692 52.37 126.75 J1 18 lo.l L159 6%.13 2,48
22 150  k9.92 120.58 k4.0 16 8.7 .168 52,03 2.66 97 703 B9.k3 116.13 5.1 55 7.5 o177 31.93 2,54
23 147 89.17 120.58 k.0 81 7.8 .17% kh,91 2,43 98 718 54,18 122,12 2.0 95 8.8 .161 5k, 8k 2.56
2% 7% 90.87 119.83 4.2 66 0.8 .185 58.13 3.65 99 719 Sh.18 122,12 2,0 95 8.2 .l6% 50.68 2,58
25 7%  St.62 119,83 1.b 129 il.2  .178 63.7% 3.27 loo 723 5hk.25 l2l.92 2.1 18 8.3 .l62 51.kL 2.63
26 738 s0.10 119.50 k.2 67 10.8  .173 63,30 3.20 lol 782 kg,13 125.b2 .2 168 13.9 .202 10.58 3.77
27 720 50,88 119.715 5.1 8 1.8 L1859 LA 2.09 102 7V5  52.20 119,25 3.9 13 8.0 .178 Ak, by 2.59
28 3318 b9.00 116,15 3.8 87 6.8 .157 N2.99 .11 103 7V 50.05 127.0% .1 168 11,9  ,178 67.31 3.07
29 383 d9.B2 116.27 8,5 66 1.6 .163 86,79 2,07 lok 766 48,83 12k,.75 .3 167 12,1 «18% 66,45 3.01
30 393 ¥9.92 119.77 LYY 78 9.9 .183 54,56 3.01 105 767 53,08 132,08 »3 180 11,k 178 63,88 3.09
3t 346 %9.92 118,58 4.0 7% 8.6 .168 51,05 2.5% 106 769 S5k.17 -122,17 1.9 97 1.9 Wl 52.80 2.12
32 387  sh.37 l22.50 2.6 8o 8.1 .l55 52,11 2.18 107 770 54,25 122,33 2.2 90 7.8 .152 51,69 2.21
33 47 k9.33 1ll7.25 4,2 76 8.2 .158 52.88 2.27 108 M sk,25 122,33 2.2 g0 8.2 #1571 52,78 2.26
3 710 %9,37 118,58 4,6 66 7.1 .157 a7k 2.00 109 772 58,17 t22.25 2.2 90 7.2 17 51,07 2,06
35 699  89.17 116,13 k.7 (13 8.6 .173 49,77 2.56 110 777 5%.17 l22.17 1.9 97 8.2 .15% 53.18 2.23
36 701 50.13 115.h3 4.6 61 9.0  .176 5L.55 2.80 111 780 Shk,08 121.88 2,0 95 7.0 L13% 52.21 Ll.72
kY 34k 59,58 115.98 3.8 83 8.8 .176 50,26 2.58 112 784 54,88 126,73 2.7 74 7.6 L1487 s1.89 1.93
38 341 89.30 116,00 5.5 (13 6.9 .156 4,99 1.8% 113 789 55.35 125.83 2.9 13 7.6 111 53.07 1.97
39 385 k9,08 116.75 4.6 (1] 1.8 .178 43,61 2,51 T 11k 790  S%.071 l27.22 3.0 7 7.6 «156 ag8,15 2.2%
5o 709  Sl.13 117.08 k.3 . €2 8.0 175 TR 2.58 115 791 55.08 127.33 2.9 68 8.4 .15% 5877 2.09
%1 337 #9.58 117.80 5.7 bo 7.6 2170 4%,11 2.15 116 792 55.13 127.%0 1,0 111 9.6 +153 62,90 2.1%
b2 773 53.33 l22.17 3.4 68 8.5 .168 50,39 2.59 117 793 55.30 127.70 1,1 108 8.5 .l27 67.33 1,81
&3 898 sl.l2 117.25 b,7 53 7.9 170 86,56 2.27 118 794 5%.63 127.20 2.5 8o 8.4 «160 52,90 2.53
44 732 d9.h2 118,03 M5 68 8.5 163 51,29 2,78 119 795 Sh,l2 125,82 2,7 1% 8.7 «152 57,26 2.32
45 338 b9.75 117.00 b.9 57 7.3 al72 &2.%0 2.17 120 796 55,00 127,00 3.2 62 7.6  .l85 s2.80 1.98
[ 13 335 49.33 116.13 5.3 51 6.9 155 k¥, 68 1.75 121 797 5%.80 129,03 1.9 93 8.8 158 57.10 2.26
L} 719 sk.lo 122,09 2.0 95 8.0 <156 51.7% 2.13 t22 798 58,75 127.00 1.9 93 9.1 «158 57.77 2.6b
a8 385 sb.25 122.25 2.5 83 8,8  .159 52493 2.38 123 799 55.03 126.50 2.3 82 7.6 1wy 53.20 1.85
[T} 51 5h.33 123,08 2.5 82 8.8 .168 52,74 2.76 12% 800 55.28 127.% 1.2 lo6 9.3 153 6l.15 2,36
50 k31 sk.l2 122,83 2.2 90 8.1 .155 52.72 2,24 125 8ol 50,53 127.2% .6 150 12,5 ,l91 65,87 3.61
51 Bl . 53.82 122.67 1.7 106 8.3 .157 5371 2.8 126 805 55.%7 1l27.70 1,2 105 lo.1 .15l 67.12 2460
52 725 50.65 117.53 k2 67 7.1 163 3,08 2.03 127 806 5h.90 127.295 1.5 1ol 1.9 138 57.64 1.92
53 2% 50,17 118,00 3.1 95 6.9 <156 33,50 2.15 128 807 59.30 127,15 2.2 83 9.0 151 59.89 2.25
5% 715 9,48 117.23  b.d 70 8.1  ,169 u7,85 2.38 129 Bo8  5%.67 l27.25 =2.% 82 8.9 .155 57,45 2.55
55 37 SH.0B 122.0% 2.2 9l 7.0. .l29 54,36 1.79 130 809 53.50 132,25 W4 135 10,0  L165 60,24 2.62
56 39 54.08 122,05 2.1 93 8.8 .l62 54,18 2,64 131 8% 55,08 129.%2 .1 132 10,0 .163 61,62 2,50 ¢
57 k3 58,28 122,627 2.3 87 8.6 162 53.29 2.62 132 #6% 54,95 128.65 21 139 1.3 167 67.90 2.79
58 % 54,08 122,08 2.3 88 8.0 .166 48.90 2.52 133 585 %¥9.05 11k.67 5.0 59 b6 .les 36.21 1.11
59 47 sd.08 122,08 2,3 88 8.7 172 51,81 2.81 134 5716 50.25 117.83 b2 70 8.6 .18% 46,93 2.8% l
60 b 55,50 121.58 2.0 86 6.9 .136 50.59 .74 135 858 ug,00 116.67 M.2 78 9.1 L17M 51.98 2.5%
61 66 5l.67 120.17 8.6 52 5.5 .l20 4,69 1.22 136 868 k49,05 116.97 .3 15 8.8 174 47.9% 2.52
62 905 S1.58 119.85 1,% t2s 11,0 »165 66,78 3401 137 888 50.08 117.75 5.0 53 Te3 .168 83,31 2,14
63 281 53.10 132,05 b 138 l2.2 .187 65.87 3437 138 539  hk9.92 1lk,.77 ks 65 8.% 160 52.17 2,22
(1] 28%  51.18 125,57 .0 139 1lo.8 .178 60,95 2,88 139 sto k9,92 1lb.92 4,9 56 6.8 L1447 42,85 1.63
65 296  s¥.l7 l22.17 2.2 90 8.1 .151 53,79 2.38 1% 581 ¥9.92 114,73  S.1 51 6.9 .157 43,70 1,96
66 336 59.25 115,15 5.0 52 1.1 161 87,91 2,07 1 sk2  kg.92 L1k,35 b6 63 1.1 139 7 s5.29 .15
671 380 50,53 115.%2 k.5 61 9.5 o177 54,58 2,68 182 575 50.25 118,00 3.8 19 8.4 »185 45,63 2.78
68 355  58.23 127.37 2,0 9 6.0 .l2% 87,66 1.2 1k3 623 57.17 1l21.83 2.7 60 6.5 .133 58,53 1.55
69 359  5h.17 121,50 2.7 19 7.6  J1b7 SL.7h 2,00 14k 636 39.77 1ll5.%0 5.0 55 7.5  .167 k5,14 2.30 !
10 368 5h.93 l27.82 2.0 90 8.1 .151 58,01 1.8% 145 651  50.57 119,48 k.9 52 1.6 .168 85,32 2.18
7l 365 54,93 l27.%2 2.0 90 749 o181 55.66 2.0l 18 64 50,63 118,00 .0 T2 7.7 W72 8k,76 2.4
12 366  Sh.93 l27.b2 2.0 90 6.8 .l29 52.51 1.50 187 658  d9.l0 11k.67 56 A5 7.0 170 31,52 2.0%
13 369  58.93 l27.%2 2.0 90 7.2 .l29 56,29 1.71 188 655 49.08 115.78 .5 70 8.6 .173 ¥g,61 2.56
74 371 sk.lo 127.20 3.3 66 6.9 «136 50,91 L.77 149 657 49,25 116.23 4.8 63 7.0 «159 [1 A T3 1,97
75 373 S¥.08 127.25 2.6 82 6.8 130 59,81 1,60 150 857 49,25 117.75 5.9 a7 8.1  .l79 25,84 2,53

lat. - Latitude; Long. - Longitude; Elev. - Elevation; Days - days in growing
seasonj. SeLe = Shoot length; R.C.D. - Root collar diameter; Dry Wte - Dry
weighte . ) .
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TABIE 10 ~
GROWTH BEHAVIOUR DURING THE SECOND YEAR IN THE NURSERY

Prov. Reg. - S.L. R.C.D. Dry Wt. ° Prov. Reg. S.L. R.C.D. Dry We.
No. No. lLat, Long. Elev, Days (em) (cm) S.L,/R.C,D. (gm} No. No., Lat, Long., Elev. Days (cm) (em) $,L,/R.C.D. {gm)

1 50 %6.50 121.10 2.3 73 15.0 ,230 64,72 9.07 16 319 55.60 127,83 1.5 97  18.5 .233 65.60 13.23

H k8  55.67 122,20 2.0 85 15.5 .24g 62,18 10.77 71 382  55.60 127.83 1.% 91  17.3  .263 65,65 11.63

k) b2 sb,50 lz2k.25 2.2 88  1u,) 234 61.79 10.81 78 389 sk.08 122,08 2.2 g9l 15.9  .249 63.91 9,42

4 493 5h,50 122,67 2.2 88 15.0 .24g 59.99 10.05 79 390 54.08 122,08 2.2 gl 17.0 .283 60,80 12.58

.5 ok 5h.33 122,67 - 2.3 87  15.%  .25% 60.79 l0.29 80 392 50.07 119.68 4.7 60 15.5 .265 58.61 1o.19

' 6 786 5¥,10 122,05 2.0 95 16.9 267 63.58 12,24 81 398 50,02 1l19.70 5.5 b2 3.4 238 56.03 1.35

1 722 5%.07 l2l,%5 2.8 17 lr.2 l27h 62.9% 11.8% ) 82 395 50.12 1l19.70 b,7 59 15.2  .263 57.69 9.51

8 353 5kK.93 l27.k2 2.0 90 16.0 2h9 6b,52 l10.07 83 6 50,85 119.87 8,6 51 15.8 .265 59.79 9.86

9 388  53.67 lz2.¥2 3.0 75 15.8 (265 < 60.16 10.13 84 Bly 51,23 lzo.25 4.0 68  15.1  .246 60.85 9.19

1o 522 52,33 l2l.,67 2.2 loz 16.1 .238 68,22 9.60 85 426 54,67 128,715 .7 l2l 19,1 .31l 62.95 16.82

' 11 523 S2.42 la2l.b2 2,2 lot 17.0 257 66.17 10,57 86 428 51.73 l20,08 4,2 60 12,4 214 58,39 6.79

12 380  55.60 127.83 2.7 10 15.6  .277 56,13 13.19 87 430 50,67 119,58 4.2 67 15.3  .264 57496 10.06

13 358  55.47 127.83 1.7 93  16.7 .261 6k, 4g 11,53 88 k&7 sl,00 119,87 4.7 sk 1s5.1 .256 58.59 8.99

1% 316 55.33 126.63 2.3 80 1u.%  ,238 60.22 8.70 89 454 54,93 l27.k2 2.0 90 l1.0 .2771 63.01 11.12

15 731 s5t.l2z 118.25 k.3 62 15.8 .270 58.89 11.53 90 488 k9,07 120.88 3.5 93  15.5 .274 56.56 11.70

16 367 58,93 ler.e 2.0 99  13.5 .23l 58.59 7436 91 499 54,08 122,33 2.0 95 16.9  .269 63.00 11.b9

17 374 s4,b5 126,90 2.7 17 14,1 235 59,98 8,45 92 525 Sh.15 128,79 4 118 174 .293 59446 14,12

18 356 54,13 127.15 3.0 72 15.8 259 60,97 11.15 93 526 55,08 129.33 o7 118 17.3 274 63.61 12.23

19 %29  51.77 120,17 b6 51 13.2 .2%0 5k,02 8.09 9k 529 53.67 132.33 .1 141 21.8 362 50,10 25.19

20 827 51.70 120.17 3.5 16 16.5 .258 63.35 10.35 9s 691 k9,12 120.83 b.0 82 15.2 .278 54,24 11.92

21 k18 51,17 120.25 3.8 13 14,7 +253 58,07 9.0l 96 692 52.31 126,715 .1 1kg 19.% .309 62.9h 17.12

22 150 49,92 120.58 k.0 76 17.1 ,218 61.71 12.72 97 703 49.h3 116.13 5.1 55 lb.5 262 55.33 10.19

23 1k7 9,17 120,58 k4.0 81 17.0 .298 57.08 13.95 98 718 54,18 l22.12 2.0 95 16.2 +259 63.60 11.3%

24 741 50.87 119,83 k.2 66 20.0 .287 70.10 15.20 99 719 5h.18 la2z.12 2.0 95  16.8  .269 62,07 12.08

25 b0 51,62 119.83 1.4 125 20,8 .288 712,36 15.71 oo 723 shk.25 1l2l.92 2.7 18 17.5 285 61,89 14,15

26 738 50,70 119.50 h,2 671 21,3 .297 72.08 16.73 101 782 k9,13 125.b42 .2 168  22.71 2346 66.10 23.05

21 720 50.%8 119.7% 5.1 B8 16,1 .270 59.00 11,12 102 745 S$2.20 119,25 3.5 73 15.2 .281 54,19 12.52

28 33% 49,00 116.75 3.8 B7  13.8 .2k9 59.43 8.21 103 748 50,05 127.05 1 168 21,4 319 67.21 10.16

29 383 h9,82 1l6.27 b5 66 15.0 .258 59,56 9.30 lok 766 %8.83 124,75 W3 167 2l.7 «336 64,39 19.02

30 393 b9.92 119.77 4.l 7% 17.8  .287 62.26 “13.91 105 767 53.08 132.08 .3 lbo 208 331 62.72 19.23

3l 346 b9,92 118.58 k.o 76 16,3 .263 61.56 10.13 106 169 Sk,17 l22.17 1.9 97  15.4  .259 60,15 10.55

32 387 S4.37 122.50 2.6 80. 15.8 250 63.44 9.55 107 770 54,25 l22.33 2.2 g0  15.8 <261 61,25 lo.70

33 187 k9.33 117,25 %.2 76 16.4  .256 64.17 °  10.96 108 7171 sk.25 l22.33 2.2 90 16.2  .297 63.22 9.62

3% 110 9,37 114,58 k.6 [13 13.8 .251 54,33 9,21 109 172 54,17 l22.25 2.2 90 14,7 248 59.42 lo,04

35 699 49,17 116,13 4.7 65 16.1  .281 57.77 12.36 110 717 5k.17 lea.lr 1.9 97 15.9 .250 63.73 9.56

. 36 701 50,13 115.43 4.6 61 17.6 .281 63.59 13.33 111 780 sk.,08 121,88 2.0 95 15.3 259 61,92 9.5%

H 7 34k 9,58 115.98 3.8 83 17.9 .280- 6u.15 1z.71 11z 784 54,88 126,73 2.7 7% 15.0  .236 63.4k 8,24

)} 38 3kl b9,30 116.00 5.5 b6 1h,5 2Lk 59.36 8.02 113 789 s54.35 1l25.43 2.9 73 lh6 23 62.9h 7.89

139 345 k9,08 115,75 b6 68 15.8 .28% 55.89 12.19 115 790 54,07 l27.22 1.0 73 15.5 «257 60,51 10,07

%o 709 51,13 1ll7.08 4.3 62 16.1 275 58.53 11,81 115 791 5,08 127.33 2.9 68  17.95 276 63,89 10.70

5] 337 59,58 117.30 5.7 %0 15.2 266 57.46 9.78 116 792 %$5.13 1l27.%0 1,0 111 19.b 284 68.60 13,k

32 1713 53.33 lz2.l7 3.4 68 15.8 263 60,57 10,60 117 793 55.30 l27.70 1.1 108 15,7 229 68.64 8.21

43 898 51,12 117.25 4.7 53 16,9  .285 59.55 12.90 118 794 54,63 127.20 2.5 80 16,2 263 61.56 12.19

A 732 ug.k2 118,03 4,5 68 16,9 .275 99,81 12,76 119 795 54,12 1l25.%2 2.7 19 17.8  .257 68,97 11,28

45 338 u9.75 117.00 4.9 57 1.9 .272 54,60 10.38 120 796 55.00 127,00 3.2 62 17.3  .267 66.02 12,21

a5 335 49,33 116.13  S5.3 51 14,2 252 56.23 7.83 121 © 797  S%.80 129.03 1.9 - 93 17.9 .27l 66.49 la.12

&7 779 sh.lo l22.05 2.0 95 15.8 256 63,69 10,81 122 798 54,715 l27.00 1.9 93  17.k .273 63,70 11.80

38 385 5b,25 lez.25 2.5 83 18.0 ,276 65.63 13.10 123 799 55.03 126.50 2.3 82 17.6 .267 66.32 11.15

LT] sl 54,33 123.08 2.5 82 18.1 .283 63.89 13.72 12k Boo 55.28 l27.,% 1.2 106 18.0 264 67.80 11,00

50 b3l sbh,lz 122.83 2.2 90 16,7 .262 63,97 11,01 125 801 50.53 l27.25 .6 150 24,1 .367 66,13 25.49

51 ¥l 53.k2 122,67 1.7 106 16.8 260 64,30 11,07 126 Bo5 55.41 l27.70 1.2 105 18,9 272 69.78 11.ko0

52 725  50.65 117.53 k.2 671  1h,5  .251 57.12 9.21 127 806 5k.90 1l27.25 1.5 1ol  1s.b  .239 6u. k2 9.3%

53 250 50.17 118,00 3.1 95 l4.2  ,26b 53.81 12,12 128 807 55.30 127.15 2.2 83  17.5 .262 66.715 il.10

54 715 kg, k8 117,23 B,k 70 16.0 .283 57.09 11.77 129 808 54.67 1l27.2% 2.4 82 le.o_ 277 6h,12 12,87

55 37  5h.08 l22.05 2.2 gl 14,8  .2%6 59.95 11,28 130 809 53.50 132.25 Wb 135 20.20 L3k 60.10 21.00

56 39 sh,08 122,05 2.1 93 15.9 260 61.38 11,19 131 840  55.08 1l29.%2 .1 132 19.% 309 62,62 15,91

57 43 54,28 le2.62 2.3 87 17.1 .26k 65,44 11.65 132 (11 54,05 128,65 .1 139 22.1 J3h2 65,27 19,48

58 ¥ sk,08 122,08 2.3 88 156.6 .278 59.91 13.08 133 545  ho,05 11k.67 s.0 59 l0.2 209 18,13 5.55

59 k7 54,08 122.08 2.3 88 16.8 .273 62,09 12.39 134 576  s50.29 117.83 .2 70 16.2 .272 59.46 1l.t0

60 49 95,50 121.58 2.0 86 14,8 .24 60.25 9.8% 135 858 49,00 116.67 4.2 78 18.3 .289 63.86 13.93

61 66 51.67 120,17 4.6 52 12,2 «222 53.25 7.80 136 868 k9,05 116.97 4.3 79 16,2 .269 60,11 10.79

62 905 51,58 119.85 1.4 125 20.6 .28% 73,05 15.37 137 888 50,08 117.75 5.0 53 13.8 262 52.96 @.27

63 281 53.10 132,095 Wb 138 »2k.2 .359 68,135 23.08 138 539 49,32 114,77 L,5 65 16,5 260 63.19 9,62

64 284 51,18 125.57 .9 139 20.2  .323 63,02 18,17 139  sko  bg9.92 1lh,92 bh.9 56 l2.7 .230 54,35 7.16

§5 296  54.17 l22.11 2.2 90 16.0 .262 61,0k 11.86 1o 581 k9,92 11k,73 5.1 51 lz.5  .239 51,03 B.46

66 336 50,25 115.719 5.0 52 1.0 .20 58,0k 8.08 1481 skz2 k9,92 114,75 4.6 63 l6.0 .25l 63.65 9.30

671 350 50,53 115.92 4.5 61 18.1 .27l 51.39 12.33 ‘182 575 50.25 1l8.00 3.8 79 1l6.0 .27l 60.25 11.34

68 355 5%.23 127.37 7.0 9% 13.7 .238 58.42 7.8u 143 623 57.17 121.83 2.7 60 l¥.5 .226 64,28 7.72

69 359  Sk.17 l2l.so 2.7 79 lu.b L2486 58.86 9.k3 L% 636  49.77 1l15.40 S.0 55 lh.k 268 53,28 10.13

v 70 364 54,93 l27.%2 2.0 90  16.3 246 66.57 9.82 145 641 sS0.,57 119,48 b.9 52 14,6 268 54,98 9.73

71 365  S4.93 l27.42 2.0 90 15.5 .24 63.76 11.67 146 634 50.63 118,00 4,0 12 15.6  .271 56470 11.46

72 366 54,93 l27.%2 2.0 90 lh,0  .23% © 59,35 8.50 147 654  L9,l0 1lk.67 5.6 b5 lb,2 261 54,39 9.58

73 369 sk,93 1l27.%2 2.0 90 15.9 261 61.02 9.3 188 655 b49,08 115,78 &,5 70 17.2 .278 62.09 12.38

7% 37t sh.l0 127.20 3.3 66 14,0 ,223 62.61 6.85 149 657 h9.25 116.23 4.8 63 lk,9 ,271 55.21 9.96

75 373  sb.08 1l27.25 2.4 82 13.9 »233 59.51 8.50 150 857 19,25 117,75 5.5 a7 14,k 262 55,78 10,11

Iate - latitude; Long. - Longitude; Elev. -~ Elevation; Days - days in growing
season; S.Le = Shoot length; R.C.D. - Root collar diameter; Dry Wt. - Dry
weight e
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TABIE 11
PERCENT FLUSHED ON | DIFFERENT DATES DURING THE SECOND YEAR IN THE NURSERY

Prov. Reg. ) Prov. Reg.v
No. No. Lat, Long. Elev, Days Apr.6 Apr.lh Apr.20 Apr.?7 No. No. Lat. Long. Elev. Days Apr.6  Apr.lW Apr.20 Apr.27

°

33.3 3.0 98.3
5.0 81.7 96.7
6.7 90,0 100.9
35.0 85.0 100.0
16.7 65.0 93.3

50  56.50 121,10
48 59.61 l22.20
42 5L,50 1l2h.25
ko3 54,50 122.67

1 63.3 95.0 100.2 C 16 379 55.60 127.93
2

3

i

5 gk 58,33 122.67

[3

1

8

55.0 al.7 130.0 77 382 55.60 127.93
1.7 93.3 100.0 78 389 s5h,08 l2z.08
88,3 8l.1 95.0 79 390 54,08 lzz.08
38.3 81.7 96.7 8 392 50.07 119.68

@ ®~
@ w
- e

e B NN

786 5b,10 122.05 95 36.7 76.7 95.0 81 304 50.02 119,70 LES 10.0 60,0 3.3

722 54,07 121,45 11 3147 80,0 100.0 82 395  50.12 119.70 59 8.3 66.6 95.0
! 353 54.93 l27.%2 90 al.7 B5.0 100.0 83 %6 50.85 119,87 57 15.0 70.0 95.0
9 388 53.67 l22.42 75 18.3 63.3 95.0 84 k17  sl.23 lzo.25 63 6.1 56.7 aol,7
1o 522 52,33 l2l.67 lo02 S5l.7 96.7 98,3 85 426 58,67 128.75 121 3l.1 80,0 98.3
11 523 52,42 12l.k2 1ol 1 55.0 96.7 l100,0 86 428 51,73 120,08 60 10.0 66.7 96.7
12 38 55.60 127.83 70 23.3 75.0 66.1 87 30 50.67 119.58 67 2l.7 63.3 9L.7

20,0 86.7 100.0
36.7 86.7 100.0

35.0 81.7 98,3 88 W7 51,00 119.87

13 358 55.%7 121.83
48,3 96,7 98.3 89 (31 54,93 lz27.b2

1% 370 55.33 126.43

Nw N e

-

D PR RO OO PR DO NOWRNND N EEN VRN AV D DOON TN mOD I O UOONNNOWN ~SNAd OO O md PONO"NN—~O BN NN
-
w

15 737 sl.le 118.25 62 25.1 16.7 96.7 g0 488 hg.07 120,88 93 25.0 TL.7 95.0
16 367 54,93 127.42 90 58.3 96.7 98.3 91 Lg9 5L,08 122,33 95 35.0 90.0 95.0
17 378 5h,45 126,90 1 1 55.0 90.0 98.3 CH 525 54,75 128.7% 118 28,3 1343 95.0

uo.0 86.6 100.0
18.3 83.3 100.0

3343 85,7 100.0 93 %526 55.08 125,33
18.3 76.7 95.0 9% 529 53.67 132.33

18 356 5k.13 le7.l5
1o 429 51,77 l20.17

bW 0N 00Nl oW LN O OWWLW N L DD W OIOOROTOOODO OO A U A WAI N AW "D DWW AW ANt OOWOOO WSO OO 0O~ OO0~NwW~O

20 427 51,70 1l20.17 76 ¥5.0 93.3 85,0 95 691 k9,12 120.88 82 8.3 66.7 95.0
21 518 51,17 120.2% 73 33.3 68.3 95.0 06 69z 52.311 126.75 149 26.7 75.0 100.0
22 150 ba,92 120.58 16 38.3 88.3 6.7 97 703 ho,b3 116.13 5 55 %0.0 78.3 05,0
23 17 ba,17 120.58 31 20.0 73.3 96.7 98 718 s5k,18 122,12 2 as . 53.3 90,9 98.3
24 781 50,87 119.83 66 50.0 95.0 100.0 99 7l9 54,18 1gzz.l2 H 95 . 38.3 6.1 98,3
?5 7% 51,62 119.83 129 k5.0 99.0 68.3 lo0 723 sk.25 lel.92z 2 18 . 1,7 86.7 96.7
25 738 50.70 119.50 . 67 1 6l.1 95.0 100.0 lol k2 49,13 lzs.k2 168 . 50.0 el,7 100.0
27 720 50,58 119.75 . ¥8 13.3 63.3 95.0 102 %5 52.20 119,25 3 73 . 28.3 70,0 95.0

ul.r 91.7 100.0
23.3 al,7 100.0
36.7 6.7 100,0

35.0 80.0 95.0 lo3 148  50.05 127.05
23.3 8.7 95.0 lod 166  L8.831 l24.75
30.0 13.3 9l.7 105 767 53.08 132,08

2
2
2
2
2
2
?
2
3
2
2
2
1
2
y
2
2
3
u
3
3
Y
]
N
L
b
>

28 33h 9,00 116.15 3

29 343 b9.82 1l6.27 b

30 393 b9.92 119.77 &

3l 36 k9,02 118,58 U

2
1]
%
u
u
3
5
1
[
5
3
]
b
b
5
2
2
2
»
1
b
3
y
2
2
2
2
2
2
4
1

—~
“
WD O F DOV FFOWHOOOWWUWWWUAN CWNNO O ANV OD OO rmie s (h D=l m OV mw B ~ D OW A0 0W ~O QO MO mmOOhe ~mo

3 0,0

o 3.3

2 1.7

2 3.3

3 3.3

o 1.7

a 0.0

° 9 343

o 0.0

2 3.3

2 0.0

7 0.0

7 0.0

3 33

3 5.0

o 1.7

7 0.0

0 0.0

6 3.3

> 3.3

8 t.7

0 L.7

o 0.0

2 6.7

u 3.3

2 3.3

1 0,0

) 1.7

.5 0.0 .

.1 0,0 .

.0 16 c.0 18.3 81.6 96.7. 106 75¢  5k,17 la22.17 1 97 . ul.7 gs.0 as.n
32 387 sh.37 le2.50 .6 8o 1.7 38.3 90.0 98.3 lo7 770 5k.25 122,33 2 90 . 58.3 83.3 98.3
33 74T ¥9,33 117.25 .2 16 5.0 35.0 78.3 28.3 108 771 s5h.25 122,33 2 90 . §0.0 85.n 95.1
34 7le 49,37 11k.58 4 113 3.3 36.0 16.7 9.7 log Tre  si.ly lzz.25 2 90 . 50.0 88.3 6.7
39 699 49,17 116.13 .1 (33 0.0 30.0 75.0 95.0 110 177 54,17 t22.117 1 97 . k0.0 Q3,3 96,1
36 701 50.13 115.43 .6 61 5.0 k5.0 85.0 l00.0 11l 780 54,08 121.88 2 95 14, 50.0 95,0 6.1
37 3uk 49,58 115,98 .8 83 6.7 48,3 88.3 96 .6 112 18k 54,83 126.73 2 74 . 40,0 86.7 t00.0
38 3k1 45,30 116.00 .5 46 0,0 13.3 73.3 95.7 113 789 54,35 125.43 2 . 56.7 85,7 100.0
39 b5 U9,.0B  116.75 WA 6% 5.0 21.1 £8.3 91.7 11 790 5k.37 lev.22 3 ?295.0 18.3 9.7
ko 729 51.13 117.98 ] 62 3.3 31.7 73.3 95,0 : 115 791 55.08 127.33 2. 68 08.3 73.2 95.9
(3% 337 b9.58 117.80 .1 40 3.3 lA.7 161 96.7 116 7192 55.13 1l27.b0 1. 111 . 6.7 3.3 e8.13
t2 773 53.33 l122.17 R 68 1.6 1l.7 7.7 93.3 117 793 55.30 l27.70 1. 108 . 18.3 6Lt 90,0
b3 Re8  sl.12 1l17.2% o1 53 6.7 1.7 15:0 96,7 118 9% 54,63 l27.20 2. 80 . 66,1 38.3 95.9
B 732 g,z 118,03 .5 68 1.7 2l.7 83.3 100.9 119 795 Sk.l2 l25.%2 2. 79 65.0 96.7 8.3
ks 338 49,75 1l7.00 .9 57 6.7 Ul.7 85.0 93.3 120 796 55.00 l27.00 3. 62 . 51.7 83,3 96.1
¥5 335 ¥9,33 116.13 .3 51 0.0 16.7 78,3 98,3 121 797 Sk.Bo l29.03 1. °3  16. 55.0 96,7 100.0
47 7719 <b,13 1lz22.05 .0 95 13,3 56.7 88.3 95.0 122 798 54,7195 127.03 1. 93 . 18.3 78.3 100.0
48 385 5u,25 l22.25 .5 83 1.7 318.3 78.3 98,3 123 799 55.01 l26.50 2. 82 . 53,3 85,0 98,3
ug 51 54,33 123.08 5 B2 0.0 U6,7 88.3 96.7 128 8oo 55.28 1l27.%0 1. 106 . 28.3 75.0 96.7
50 431 Sk,12 122.83 .2 90 3.3 56.7 ° 9l.7 98.3 125 8ol 50.53 l27.25 . 150 . ¥, 7 95.0 98.3
51 41 53.82  l22.47 .7 106 10,0 65.0 90.0 98.3 126 805 55,47 1l27.70 1. 105 6.7 81.7 967
52 125 50.65 117.53 .2 61 5.0 %6.7 88.3 55.0 127 806 54,90 127.25 1. 1ol . 33.3 68.3 93.3
53 2k0  50.17 118.00 a 95 15.0 8.3 85.0 96,7 128 807 55.30 127.15 2. 83 . 35.0 75.0 96.7
54 715 49,48 117.23 R 70 3.3 30.0 75.0 96,7 129 808 5b.67 lz7.25 2. 82 . 33.3 83.3 100.9
55 37 54,08 l22.05 .2 91 £.1  56.1 9l.7 98.3 130 809 53.50 132.25 . 135 . 35.0 93.3 100.0
56 39 58,08 122.05 .1 93 3.3 5L.7 88.13 93.3 131 B4 55,08 l29.k2 . 132 . 38.3 8a.0 98.3
57 k3 58,28 122,62 .3 87 1.7 59.0 86.1 100.0 132 ugh 58,05 128.6%5 . 139 . k3.3 @1,3 98.3
58 6 5L.08 l22.08 .3 88 3.3 517 93.3 98.3 133 585 k9,05 114,67 S. 59 . 21.7 8.3 98.3
59 47 54,08 122.08 .3 B8R 18,3 46.7 90.0 98,3 . i3k s576 50.25 117.83 &, 70 . 55.0 95,0 100,0
60 ke 95,50 l121.58 .0 86 3.3 2843 9.7 lo00.0 . - 135 858 49,00 116.67 &, 18 . 16.7 73.3 a8.3
61 66  Sl.61 l20.17 .6 52 3.3 29.0 B6.7 93.3 136 868 u3.05 116.97 4, 7% . 30.0 86.7 98.3
62 905 51.58 119.85 12 3.3 5.1 85.1 a8.3 137 888  50.09 117.75 5. 53 . 25.0 70.0 al.7
£3 281 53.10 132.05 Wb 138 1.7 bA.7 90.0 100.0 138 539 b9.92 1lk.77 4, 65 . 35.0 9t.7 100.0
1 284 51.18 125.51 90 139 3.3 56.1 95.0 100.0 139 sko 45,92 llk,92 b, 56 . 35.0 15.0 93.3
65 296 S58.17 122,11 2.7 90 6.1 3.3 83.3 100.0 lho skl bg,92 11%,73 5. 51 N 3.7 5.0 93.3
65 336 50.25- 115.15 9.0 52 .7 26.7 73.3 94.7 1k} 5%z k9,92 Qlh.75 4, 53 . 5.7 88,3 100.0
&7 30 50,93 115,92  u.5 61 3.3 60.0 90.0 98.3 1z 575  50.25 118.00 3. 79 . 3.3 81.7 100.9
68 355  Sv.23 127.37 2.0 94 1.7 4323 8.7 3,3 183 623 57.17 121.83 2. 60 . 62,0 23.3 100.0
(3 359 5k.17 l2l.50 2.7 79 0.0 16.7 65.0 98.3 16 636 k9.77 l15.l0 5. 55 . 20.0 69,3 al.7 '
H 3% 54,93 l27.%2 2.0 99 13.3  75.0 98.3 100.0 1k5 6kl 50.57 1le.,u8 u, 52 . 16.7 68.3 9.7
71 365 54,93 le7.k2 2.0 90 0,0 3K.7 8s.0 98.3 146 ¥4 50,63 118,00 4, T2 11, 55.9 36,1 100,0
72 356 5L.93 l127.82 2.0 90 3.3 45,0 38.3 98,3 17 654 9,15 11L.67 5. us . 25.9 8=,0 100.0 .
13 369 Ssh,93 l27.%2 2.0 90 2.0 11.7 18,3 98,3 188 655 49,08 115,78 & 70 . 26.7 1.7 98.3
T4 31t sk,lo l127.20 3.3 65 0.0 23.3 8o.0 a5 k9 697 k9,25 116,23 & 63 . 26.7 6.7 96,1
15 373 5k,08 127.25 2.6 82 3.3 45,0 90.0 100.0 150 851 49,25 117.75 5. b7 . 0.0 13.3 93,0
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' TABIE 12
PERCENT DORMANT ON 6 DIFFERENT DATES DURING THE SECOND YEAR IN THE NURSERY

Prov. Reg. Prov, Reg.

No. No, Lat. Long. Blev. Days Jun.30 Jul.? Jul,lk Jul.2l Jul.28 Aug.h

1 50 56.50 121,10 2.3 73 18.3 2l.7 33.3 43.3 90.0 93.3 76 379 55.60 127.83 1.5 97 1.7 1.7 3.3 13.3 65.0 76.7
H ¥ 55,67 122,20 2.0 B85 13,3 20.0 81.7 63.3 9l.7 93.3 77 382 55.60 127.83 1.5 97 0,0 1.7 0.0 1s.0 63,3 76.7
3 k2 sh,50 124,25 2,2 B8 11,7 16.7 33.3 4l.7 B8o.0 85,0 78 389 54,08 122,08 2,2 91 16,7 26.7 L48.3 60.0 95.0 95.0
¥ k93 sh,50 122.67 2.2 88 18.3 33.3 S8.3 70.0 B8.3 93.3 79 390 5b.08 122,08 2.2 91 18.3 23.3 &8.3 68,3 95.0 98,3
5 hgh 5k.33 122,67 2.3 87 8.3 1l.7 M3.3 61,7 85.0 B5.0 80 392 50,07 119.68 &,7 60 ¥3.3 55.0 80,0 90,0 91,7 93.3
6 TM6 5R,10 122,05 2.0 95 1.7 15.0 35.0 55,0 B86.7 90,0 81 39% 50,02 119,70 5.5 k2 83,3 65.0 B3.3 95.0 96.7 96.7
7 722 shk,o1 l2l,%5 2,8 171 28,3 36.1 60.0 71B.3 93.3 95.0 82 395 50,12 119,70 4.7 59 35.0 k0.0 76.7 85.0 90,0 90.0
8 353 5%.93 127.%2 2.0 90 3.3 5.0 10.0 25.0 73.3 8l.7 83 816 50,85 119,87 .6 57 k8,3 56,7 81.71 90.0  93.3 95.0
9 388 53.67 l2z2,82 3,0 75 21.7 33.3 Tl.7 90,0 96.7 96.7 8h 17 51.23 l20.25 b,0 68 25.0 33.3 Sl.7 70.0 81.7 86.7
lo 522 52.33 121.67 2.2 loz 3.3 5.0 13.1 35.0 76.7 85.0 85 W26 58,67 128.75 .7 121 0,0 0.0 1.7 1.7 23.3  76.7
11 523 52.%2 l2l.%2 2.2 lol 6.7 16.7 33.3 53.3  9L.7  93.3 86 128 51.73 l20.08 &.2 60 kl,7 8.3 68.3 88.3 90.0 9l.7
12 380 55.60 l27.83 2.7 710 0.0 L7 1L7 33.3  66.7 73.3 87 430 50.67 119,58 hk,2 67 28.3 %43.3 Bo.0 86.7 91.7 98.3
13 358 55.%7 127.83 1.7 93 0.0 1.7 8.3 25.0 73.3 86.71 88 &k7 51.00 119,87 %.7 S¥ 36.7 56.7 78,3 83.3 88,3 90.0
1% 370 55.33 126,63 2,3 8o 26.7 3l.7 66.7 91.7 98.3 100.0 | 89 hsh 5k.93 l27,k2 2,0 90 5.0 8.3 25,0 51,7 81,7 93.3
15 737 Sl.12 118,25 b&,3 62 31,7 36.7 58.3 75.0 91.7 95.0 . 90 388 h49.07 120.88 3.5 93 26,7 30.0 56,7 73.3  91.7 95.0
16 367 54,93 l27.82 2.0 90 16.7 31.7 st.7 76.7 95.0 95.0 ‘91 h99 s5h,08 122,33 2.0 95 11,1 23,3 ¥6.7 16.7 90.0 93.3
17 37%  S8.b5 126.90 2.7 77 13.3 16,7 38.3 70.0 95.0 95.0 92 525 54.75 128.7% .8 118 0.0 0.0 0,0 0,0 26.7 80,0
18 356 58,13 127.15 3.0 72 15.0 23.3 55.0 73.3 9.7 95.0 93 526 55.08 129.33 .7 118 0.0 0.0 1.7 1.7 20.0 6l.7
19 k29 51.77 l20.17 k4,6 sl 36,7 50,0 76.7 B83.3 9k.7 9l.7 9% 529 53.67 132.33 .1 141 0.0 0.0 1.7 1.7 16.7  55.0
20 k27 51,70 120,17 3.5 76 11.1 15.0 13i,7 56,7 98.3 98,3 95 691 49,12 120,88 &s,0 82 35.0 36.7 60.0 80.0 93.3 96.7
21 k18 51.17 l20.25 3.8 73 38,3 #l,7 61,7 B80.0 95.0 95,0 96 692 52.37 126.75 Jd  1lkg 0.0 0.0 0,0 0.0 3.3 50,0
22 150 49,92 120,58 k.0 76 15,0 21,7 45,0 61.7 90,0 91,7 97 793 59,43 116.13 5.1 55 5l.7 73.3 86,7 90,0 93,3 96,7
23  1M7 49.17 120.58 b.,0 81 3l.7 36.7 58.3 80.0 9l.7 93.3 98 718 54,18 lz22,12 2,0 95 16.7 23.3 45,0 70.0 90.0 91,7
2k 741 50,87 119.83 k4.2 €6 1.7 3.3 15.0 30.0 73.3 9l.7 99 7l9 55.18 tz2.l2 2.0 95 11,7 18.3 35.0 55,9 85.0 85.0
25 740 51.62 119,83 1.b 125 0.0 0.0 5.0 6.7 4%o.0 90,0 100 723 Shk.25 l2l,92 2.7 78 1%.0 20,0 3R.3 68,3 86.7 90,0
26 738 50.70 119.50 b.2 67 3.3 3.3 10.0 25.0 61.7 85.0 10l 742 %9.13 l25.%2 .2 148 0.0 0.0 0.0 0.0 0.0 21.7
27 720 50.%38 119.75 S.1 48 30.0 k0.0 6l.7 83.3 93.3 96.7 102 735 52.20 119.25 3.5 73 33.3 38.3 70,0 7B8.3 93.3 93.3
28 33% ls.bo 116.75 3.8 87 56.7 75.0 B6.7 95.0  96.7 96.7 103 748 50.05 l27.05 .1 6k n,0 0.0 0,0 0,0 1.7 25,0
29 343 89,82 116,27 X5 66 bo.0 8.3 78.3 Bl.7 90.0 9l.7 108 766 48,83 l2b.75 .3 167 0.0 0.7 0,0 0.0 1.7 35.0
30 393 9,92 119.77 b.1 74 18.3 25,0 60.0 80.0 B6.7 93.3 105 767 53.08 132,08 .3 1lho 0.0 0.6 0.0 0.0 5.0 61,7
31 346 49,92 118,58 4,0 76 5.0 53.3 B80.0 9l.7 93.3 93.3 106 769 58,17 le2,17 1.9 97 21.7 25.0 55,0 7l.7  9l.7 - 9l.7
32 387 54.37 l22.50 2.6 80 23,3 28.3 53.3 78.3 98.3 98,3 107 770 Sk.25 l22.33 2.2 90 20,0 28,3 43,3 61,7 86.7 93.3
33 THT 49,33 l17.25 h.2 76 26,7 30.0 68,3 . 83,3 98.3 98.3 108 771 5h.25 l22.33 2.2 90 18.3 28.3 60,0 76.7 98,3 98.3
3% 7lo bg9,37 114,58 b.6 66 51.7 60.0 83.3 98.3 loo.o 100.0 109 772 5h,17 l22,2% 2,2 90 18,3 26,7 85,0 Bo.,0 9l.17 91.7
35 699 89.17 116.13, 4.7 65 %3.3 B6.7 65.0 T71.7  93.3 93.3 1lo 777 Sh.7 l2z.l7 1.9 97 28.3 35.0 55.0 Bl.7 86.7 91.7
36 701 S50.13 115.%3 4.6 61 26,7 38.3 65.0 7B.3 95.0 95.0 111 780 54,08 121.88 2.0 95 10.0 25.0 ¥5.0 65,0 85.0 93.3
37 344 b9,58 115.98 3.8 83 25.0 31.7 60.0 78.3 96.7 98.3 112 78% s54.88 126.73 2.7 7% 31,7 41,7 63.3 70.0 9l.7 9h.7
38 381 b9.30 116.00 5.5 M6 53.3 71.7 86.7 93.3 95.0 95.0 113 789 5h4.35 l25.%3 2.9 73 25.0 3L.7 65.0 B3.3 96.7 98.3
39 385 Lo,08 116.75 ¥.6 68 k3.1 56,7 B85.0 88.3 98.3 98.3 118 790 5.07 127,22 3,0 73 11,7 23.3 41,7 63,3 91,7 91.7
%0 709 S5t.13 117.08 .3 62 38.3 50,0 66.7 88.3 9L.7 9l.7 115 791 %55.08 127.33 2.9 68 6.7 8.3 31,7 55.0 86,7 88.3
&1 337 49,58 117.80 5.7 a0 k5,0 50,0 86,7 98.2 1loo,0 loo,o0 116 792 55.13 127,40 1,0 111 343 6.7 6.1 26.7 1.7 86.7
k2 773 53.33 l22.17 3.% 68 28,3 83,3 73.3 Bl.7 95.0 96.7 117 793 55.30 l27.70 1.1 108 1.7 1.7 1l.1 18,3 71l.7 80,0
b3 898 s5l.12 117.25 4.7 53 3k.7  %0.0 73.3 86.7 96.7 100.0 118 79% 54,63 127.20 2.5 8o 5.0 8.3 23.3 43.3 8o.0 8s5.0
k% 732 k9,42 118,03 b.,5 68 33.3 #l.7 61l.7 8o.o 88.3 88.3 119 795 5hk.l2 l25.%2 2,7 79 8.3 8,3 21.7 48,3 91,7 98.3
¥5 338 k9,75 117.00 &,9 57 ho.0 50.0 81,7 91.7 93.3 98.3 120 796 55.00 127.00 3.2 62 21.7 26.7 bo.o0 55,0 86,7 93.3
6 335 k9,33 116.13 5.3 51  56.7 70,0 B83.3 91,7 100.0 l00.0 121 797 5h.80 129,03 1.9 93 1.7 1.7 18.3 23.3 B8o.,0 85,0
(¥4 179 5bh.l0 l22.05 2.0 95 16,7 23.3 85.0 " 70,0 93.3 95.0 l2z 798 54,75 l27.00 1.9 93 1.7 3.3 18.3 33.3 58.3 78.3
%8 385 sh.25 122,25 2.5 83 13.3 15,0 ¥6.7 70.0 9.7 loo.o 123 799 55.03 126,50 2,3 B2 lo,0 20,0 48,3 61,71 93.3  93.3
1Y) sl sk.33 123.08 2.5 82 1l.7 13.3 36.7 68.3 91,1 9l.7 t2h 800 55.28 l27.40 1,2 106 3.3 3.3 10.0 16.7 53.3 80.0
50 k31 54,12 122,83 2.2 90 15.0 18.3 38.3 $5.0 90.0 9l.7 125 80l 50,53 l27.25 % 150 0.0 0.0 0.0 0.0 l0.0 68.3
51 Bl 53.k2 1l22.67 1.7 106 16.7 23.3 45.0 68.3 98,3 1loo.,0 126 805 55.%7 l27.70 1.2 105 3.3 3.3 8.3 15,0 63.3 80,0
52 725 50.65 117.53 b.2 67 31l.7 83,3 53.3 11,7 8s5.0 88,3 127 806 sk,90 l27.25 1.5 lol 1.7 3.3 5.0 18.3 68.3 76.7
33 2% 50.17 118,00 3.1 95 23.3 31.7 55.0 75.0 90.0 93,3 128 807 55.30 l27.15 2.2 83 1.7 1.7 3.3 25,0 55.0 76.7
5k 715 k9.%8 117,23 #.% 70 bko,0 ¥6.7 73.3 B85.0 95.0 95.0 129 808 5k.67 127,25 2.4 82 5.0 6.7 23.3 45,7 B86.7 95.0
55 37 5h.08 l22.05 2.2 91 8.3 13.3 25.0 bkl.7 83.3 88.3 130 809 53.50 132,25 .4 135 2.0 0.0 0,0 2,0 3.3 66.7
56 39 54,08 122.05 2.1 93 13,3 28.3 33,3 61,7 B88.3 93.3 131 8% 55.08 l29.%2 1132 0.0 0.0 0.0 6,0 16,7 75.0
57 k3 54,28 l22.62 2,3 B7 8.3 20,0 50.0 60,0 90.0 95,0 132 b6b 54,05 128.65 1 139 0,0 0,0 0,0 0.0 20.0 73.3
58 k6 54,08 122,08 2.3 88 8.3 1lo.0. 25.0 68,3 88.3 931.3 133 sSbs 9,05 114,67 S.,0 59 68.3 B3.3 100.0 100.0 100.0 100,0
59 57 5%.08 122.08 2.3 88 23.3 36.7 %5B8.3 716.7 93.3 96.7 138 576 s50.25 117.83 h.2 70 8.3 S6.7 71.7 83.3 9l.7 93.3
60 ¥ 55.50 121,58 2.0 86 16.7 20.0 33,3 63.3 93.3 95.0 135 858 39,00 k16,67 4,2 18 331.3 83.3 Bo,0 86,7 91.7 98.3
61 66 51.67 120.17 4.6 52 35,0 ®0,0 66.7 73.3 85.0 95.0 136 868 k9,05 116.97 .3 75 6.7 55.0 93.27 95.0 98,3 98,3
62 905 51,58 119.85 l.% 125 1.7 1,7 1.7 10.0 50,0 73.3 137 888 50,08 117,75 5.0 53 8.3 65,0 B80.0 90,0 96.7 96.7
63 28l 53.10 132,05 .4 138 0.0 0,0 0,0 0.0 5.0 63.3 138 539 k9,92 114,77 5,5 65 31,7 3%3.3 70.0 83.3 95.0 98.3
6% 28% 51,18 125.57 .9 139 0.0 0.0 0,0 0.0 1.7 36.7 139 Sk 49,92 llk,92 4.9 56 - 41,7 5.0 68,3 88,2 98,3 98,3
65 296 sSh,17 le2.17 2.2 90 21,7 25.0 36.7 60.0 91,7 96.7 140 sk h9.92 114,73 5.1 51 55.0 63.3 86.7 95.0 loo,0 loo,0
66 336 50,25 E15.75 5.0 52 36.7 40.0 6l.7 7B.3 93.3 93.3 181 sh2 b9.92 114,75 %.6 63 26.7 38.3 7l.7 88.3 98.3 98,3
67 3s0 50,53 115,92 .5 61 28,3 &l.7 58.3 80.0 96.7 96.7 142 575 50.25 118.00 3.8 79 20,0 33.3 61,7 5.0 88,3 90,0
68 355 Sk.23 127.37 2.0 9% 13,3 15.0 28.3 65.0 93.3 96.7 143 623 sS7.17 121.83 2.7 60 35.0 38,3 65.0 86,7 98,3 loo.o
69 359 54,17 121,50 2.7 79 20.0 23.3 55.0 70.0 85.0 86.7 1a% 636 L9.77 115.40 S.0 55 h1,7 51.7 B80.0 90,0 9L.7 93.3
70 364 s5k,93 127.%2 2,0 90 6.7 8.3 30.0 56.7 95.0 95.0 . 185 641 50.57 119.88 4.9 52 5.0 s58.3 85.0 88.3 90.0 93.3
71 365 sh.93 l27.h2 2.0 90 6.7 6.7 13.3 35.0 73.3 85.0 ° 146 &b% 50.63 118.00 k,0 72 35.0 S53.3 T73.3 85.0 90,0 95.0
72 3166 54,93 127.k2 2.0 90 1.7 10.0 36.7 68.3 90.0 91.7 187 654 hw9,10 118,67 5.6 k5 6Ll.7 70.0 85,0 100,0 loo,0 100,90
73 369 54,93 127,42 2.0 90 5.0 6.7 23.3 53.3 78.3 e_a.o 148 655 189,08 115.78 .5 70 bo.,0 46.7 B0,0 91.7. 95.0 95.0
7% 371 sk.1o0 l27.20 3,3 66 18,3 31,7 60.0 75.0 90.0 93.3 189 657 Boe.25 116.23 k.8 63 k6,7 56.7 T6.1 91l.1 96.7 96.7
75 373 5%.08 1l27.25 2.6 82 5.0 13.3 35.0 56.7 93.3 9l.7 150 857 189,25 117.75 5.5 W7 b8.3 63.3 83.3 91.7 96.7 96.7




TABIE 13

DATES OF FLUSHING AND DORMANCY OF 12 SPRUCE PROVENAN CES ON TWO SOIL TYPES BOTH INSIDE AND OUTSIDE PIASTIC GREENHOUSE -

CM inside greenhouse RVS inside greenhouse CM outside greenhouse RVS outside greenhouse
Block 1 Block 2 Block 3 Block U
No. of _ No. of No. of No. of Average no, of days
days days days days between D & F
between ' between between - between in all four
P E F D F&bD F D F &D ,F D F&D F D F &D environments
12 2,1 Mar. 16 June 2 78 Mar. 16 Jun. 2 78 Apre 12 Jun2l 73 Apr. 9 Jun. 17 69 7h1450
2 2.2 Mare. 16 Jun. 30 106 Mar. 16 Jul. 30 136 Apr. 12 June 30 79 Apr, 6 Jun. 17 72 98425
8 2.3 Mare. 16 May 25 70 Mar. 16 Aug. 13 150 Apre 12 June 2L 73 Apre 6 Jun. 2l 79 93,00
L 2.6 Mar. 16 June. 2 78 Mar. 16 Aug. 5 12 Apr. 12 June 2k 73 Apr. 15 Jun, 17 63 89,00
6 3.0 Jun. 16 Jun. 10 86 Mar. 16 Jun. 2 78 Apr. 15 Jun. 17 63 Apr. 9 Jun. 10 62 72425
7 3. 7 DMar. 16 Jun. 2 78 Mar. 16 May 25 70 Apre 21 Jun, 30 70  Apre 9 Jun, 10 62 70,00
1 3.9 Mar. 16 May 25 70 Mar. 16 May 25 70 Apr. 12 June 2l 73 Apre. 2 Jun. 10 69 70 50
3 L.5 Mar. 16 May 25 70 Mar, 16 May 25 70 Apr. 12 Jun. 17 66 Apr. 9 Jun. 10 62 67.00
9 Le 7 Mar. 16 May 25 70 Mar. 16 May 25 70 Apre 12 Jun. 10 59 Apr. 9 Jun. 17 69 67400
10 L. 9 Mar. 16 May 25 70 Mar. 16 May 25 70 Apr. 21 Jun. 17 57 Apre 6 Jun. 10 65 65450
11 5,3 Mar. 16 May 25 70 Mar. 16 May 25 70 Apr. 12 Jun. 10 59 Apr. 12 Jun. 10 59 61150
5 5.7

Mar. 19 lMay 25 67 Mar. 16 May 25 70 Apr. 15 Jun. 2L 70  Apr. 12 Jun. 10 59 66450

RVS -~ Robertson Valley soil, (M - California mix, E.- Elevation, P - Provenance, F - Flushing, D = Dormancy,
A provenance was considered flushed when more than 50% of seedlings scored were flushed. Dormancy was similarly assessed. Since flushing and dormancy

in each environment was assessed_op the basis of only 10 seedlings, it is likely that assessments based on a larger sample would exhibit a period of
growth (last column in above table? more strongly correlated with altitude than that indicated in table.

(e)3
g}



Seed quality

Germination
behaviour

TABIE 1l

RELATIONSHIP BETWEEN GERMINATION BEHAVIOUR AND SEED QUALITY AT 15°C.

ED3 ED) RD3+ED) MDG PV GV AGP

ED3 1.00000 4 |

Ebh -0,)1835 1.,00000 Coefficients of correlation between pairs of

variables. ’

ED3

+ -0,05863 0.93125 1,00000
| EDk

MDG 0.28526 - 0,04948 0.16883 1.00000

PV 0428527 0.04,808 0.16729 099992 1,00000

GV 0.25L23 0.03729 0.14297 0494381 0494457 1.,00000
| acp 0.2852); 0.0L,958 0.16893 0.99999 0.9991 0.94379 1.00000

See Table 2 for explanation of symbols,
r > .159 is significant at .05 level of probabilitye

¢208 is significant at .05 level of probability.

\

r

n = 150

89



Germination

Seed quality

behaviour

ED3
EDl
ED3
EDL

| MDG

Py

1 GV

| AGP

TABIE 15

RELATIONSHIP BETWEEN GERMINATION BEHAVIOUR AND SEED QUALITY AT 20°C,

D3 EDL ED3+ED); MDG PV GV AGP
1.00000
-0,11835 1.00000 Coefficiénts of corrélation between pairs of
variables,
=0 ,05863 0,93125 1.00000
0.,00028 0.,62638 0.68856 1,00000
-0,00148 0455122 0.,6085) 0.96208 1,00000
-0,01925 0454915 0.5958L 0,95685 0,97851 1,00000
0,00022 0.62643 0.68859 1.00000 0696210 0495692 1.,00000

See Table 2 for explanation of symbbls.
r > L159 is significant at .05 level of probabiiity.
r > ,208 is significant at .05 level of probability.

n = 150

69



Seed quality

Germination
behaviour

TABIE 16

RELATIONSHIP BETWEEN GERMINATION BEHAVIOUR AND SEED QUALITY AT 25°C,

ED3 ED} ED3+ED) MDG PV av AGP
gEDB 1..00000
EDJ; -0.41835 1.00000 Coefficients of correlation between pairs
of variables.
ED3
ED);
MDG 0.04401 0463975 0472080 1,00000
PV 006279 0452722 0,601,685 0495355 1.00000
GV 0.01395 0453961 0.59868 0.9L642 0.9781L 1.,00000

:AGP _ 0,044,00 0463977 0.72081 1.00000 0495353 0.9463L 1.00000

See Table 2 for explanation of symbols,
r > «159 is significant at .05 level of probabilitye.
r > ,208 is significant at .01 level of probability.

n = 150



Germination

Seed quality

behaviour

éED3

 ED3

‘ED)_L

MDG

PV
GV

AGP

TABLE 17

RELATIONSHIP BETWEEN GERMINATION BEHAVIOUR AND SEED QUALITY AT 3000.

ED3

1.,00000

-0,41835

-0,05863

-0,03705
-0,01525
=0,06880

-0,0371L

See Table 2 for explanation of symbols.

r >

ED)

1.,00000
0,93125

016839
0.4L0o9NL
0.40867
0.46835

ED3+EDL

1.00000

0.4999L
0.L7851
0142157
0.19986

MDG PV GV AGP

Coefficients of correlation between pairs of
variables,.

1.00000
0.99561 1.00000

0493589 0491692 1.00000

1.,00000 0.99560 0.93587 1,00000

«159 is significant at .05 level of probability.

r > 4208 is significant at .0l level of probability.

n =

150

.



Factors of

-the

Enviromment

GERMINATION BEHAVIOUR

A
| D
| V15
FV20
PV25
| PV30
avis
| GV20
Gv25
GV30

PVA25

GVA25

o 1 B W

(o

L

1.000
~+680

«306
-4363
-o121
~-e223

-0336

- =e383

-e087
-e165
-+298
-.261
-.181

TABIE 18

RELATTIONSHIP BETWEEN GERMINATION BEHAVIOUR AND FACTORS OF THE ENVIRONMENT

A

2

1.000
~+906
«5L0
«255
«3L6
1163
+li52
#210
288
377
156
337

D

3

«999
=490
-263
- 322
~.408
=365
-e221
-.280
-4318
-o431
~+33k

PV15
L

1.000
591
oLk
185
«928
536
#38L
377

oL62

«3L8

PV10
5

1.000
852
o T1L
1168
o949
«878
+6LS
727
« 708

PV25
6

1,000
823
308
o762
977
«750
o911
«8%0

PV30

7

GV15
8

GV20

9

QV2s5

10

GV30

11

PVJ
12

Coefficients of-correlation between pairs of
variables

See Table 2 for explanation of symbols

r
r
n

1.000
350
621
e 791
95L
o764
760

GVJ

13

> 159 is significant at .05 level of probability
> o208 is significant at .01l level of probability

= 150

1,000
NN
259
277
347
0239

1,000
<776
593
702
o705

1.000
« 756
«931
+9l3

1.000
o712
o752

1.000
«966

1,000

el



the
Envirorment

Factors of

Flushing
Second
Year

i

TABIE 19

RELATIONSHIP BETWEEN FLUSHING AND FACTORS OF THE ENVIRONMENT

L A D FL6 FLlhL FL20 FL27
1 2 3 L 5 6 7
L. 1l 1.000
A 2 - 4680 1,000 ' Coefficients of correlation between
: pairs of variables
D 3 306 -.906 «999 |
FL6 I A48 =100 0%  1.000
FL16 5 )00 ~e395 L281 04 1,000
FL20 6 $329 =12l 361 M9 793 1,000

FL 27 7 099 =261 .280 +205 331 £i93 1,000

See Table 2 for explanation of symbols
r > 159 is significant at 05 level of probability
r > ,208 is significant at .0l level of probability

n = 150

€L



FACTORS OF THE

SHOOT EXTENSION

GROWTH RATE

ENVIRONMENT

SM10
SM2l
5J6
5J20
SdJYlL
SJY18
PM10
PM2L
PJ6
PJ20
PJYL

PJY18

12

13

1

15

1.000
~+680
«307
»030

o029

135

12
J1l1
o130
-.121
-e121
e331
o115
027

‘0097

1,000
- 1506

067
~3083
-.336
- 50
-8l
-8l

.566

OL5
=700
-e653
372
~4096

TABIE 20

RELATIONSHIP BETWEEN GROWTIH DURING SECOND YEAR AND FACTORS OF THE ENVIRONMENT

D SMO
3 L
0999

-.105 1,000
091 865
358 686
e503 4559
o5h3 «516
553 4506

- o666 o6
011  -,L78
o720 =269
o782 =217
468 =a330
2181 -.036

SM2ly
5

1,000
<928
8Ll
812
.803

~002

-+032
=+037
076
~el73
007

536

6

1.000
975
« 960
95k

=329
065
o102
359
003
068

SJ20

7

1.000
995
.99k

-.186
«10L
529
W55l
+105

117

SJYh SJY18 RO 2l PJ6 PJ20 PJYL PJY18
8 9 10 11 12 13 1k 15
Coefficients of correlation between pairs of
variables.,
See Table 2 for explanation of symbols
r > 159 is significant at .05 level of probability
r > 4208 is significant at .0l level of probability
n = 150
1.000
996 1,000
-0528 -.SEO 1.000
.118 -.113 “.617 ’ J999
o561 o567 =.853 245 1,000 _
589 B0l =o816 o701 0722 1,000
«202 o176 =.483 16l 0,389 10 1,000
089 7L  =4206  JOLB 0.147 4228 =,300 1,000

LA



GROWTH FIRST FACTORS OF THE

GROWTH SECOND

DORMANCY
SECOND YEAR

ENVIRONMENT

YEAR

sl
RC1
SL1/RCL
DWl
SL2
RC2
S12/RC2
DW2

DJ30

DJY1),

. | Daye1

DJY28
DAL

TABIE 21

RELATIONSHIP BETWEEN GROWIH AND DORMANCY DURING FIRST AND SECOND YEAR AND FACTORS OF THE ENVIRONMENT

N VU =W

-

10

12
13
1l

16
17

L
1

1.000

-682

«308

-4020

‘ '0555

27
~+190

085
-.163

k6
-.038
- 661
- 635
- 562
= 1130
-.131
=089

A
2

1,000
=906
-o548
«128
~ 814
-4286
- 59
- 05
- o596
-+538
857
856
«862
027

699
«656

D

3

14000
o72L
J150L
813
1183
o724
622
517
o722

- 733

-o7h5

-.796

- 4828

'-83h
-.803

L

1,000
«6L5
«806

o892
0936
835
«625
.868

-.538

=4566

-.616

~.698

-. 768

- 727

5

1,000
078
812
530
« 706
«020
.598
100
117
065

-+050

-4293

=274

6

1,000
o521
810

53l

821

653
-.821
-.839
~.857
-.871
-e752
-.713

7

8

+999
878
696

« 09

"'0623

-6l5
~.678
=733
-.752
-.672

9

10

11

Sl RCl  SI1/RCL DWL SL2.  RC2 SI2/RC2 DW2 DJ30 DJY7 DJYLL DJY2l DJY28 DAL

12 13 1L 15 16 17

Coefficients of correlation between pairs of

variables

See Table 2 for explanation of symbols
> 159 is significant at 05 level of probability
> 208 is significant at .01 level of probability

r
r
n

1,000

395

L =e 717

"0711

| "‘0671

-.623
- 0687
"0361].

= 150

1.0C0
~+510
- 543
- 603
- 682
-.800

-+720

1.000
04981 1,000

0.928 4951 1.000

0.8L3  &869 953 1.000
0.607 4638 760  .875 1,000

0,583 4610 .720  .813  L923 1.000

al



PVA25
SL1
SL1/RC1
FL1L
FL20
SL2

RC2
SL2/RC2
DW2
FM10
PJ6
PJ20
PJYL
DJ30
DJY7
DJYLL

DJY21

PVA25

1.000
=227
-e371
-e22)
=367
-e260
=216
-e211
-257

333
-e271
-e39h
-251

«100

367

367

369

SIl
2

1,000
«807
o154
232
«936
#836

o627
«868

- 4623
«630
o751
337
o512

=570

-e621

-+703

TABIE 22
CORREIATIONS BETWEEN MEASURED VARIABIES INCLUDED IN THE PRINCIPAL COMPONENT ANALYSIS

SL1/RC1 FLl}  FI20 SIL2  RC2 SIL2/RC2 DW2 PROO PJ6  PJ20  PJYL  DJ30  DJY7  DIYLL DIY2L
3 l 5 6 7 8 9 10 11 12 13 iy 15 16 17

Note the high correlation between dormancy and measurements of growth and
the relatively low correlation between flushing and the same measurements.

1,000
: See Table 2 for explanation of symbols
320 1,000 r > o159 is significant at .05 level of probability
r > L208 is significant at .0l level of probability
0365 . 793 1 0000 n = 150

811,204  .310 1,000
538  =.025 J111 «880 1.ooo' |
W82L W63 W53 697 L4282 1.000
65h G117 4239 G910 4955 397  1.000
“oB21  W270 G123 =.8L9 =670  =4291  =.679 1,000
o722  =.022 035 679 06 JL57 660 =.852 1,000
oTLL G031 W178  W760 WT50  W380 .796 =.809 0,723 1.000
0328 -,001 o2 »352 Jali 07 A9 =516 386 W09 1,000
=o822 = 03 =02 =aB27  =u377  =eTlh  =u516 W50l =e675 =570 =421l 1,000
=8l =4380  =.387 ~.6L49 =08  =4709 =548 L3 ~.708 =599 =237 .980 1,000
=859  =a357 =e385  =.682 =472 -.668 -.610 o613 =760 =.698 =31L 4927 o950 1,000
=872 =u253  =u311 =736 =e569 =620 =u687  WTI8  =,803 =.802 =392  J8L1 o867 4953 1,000

9L



[0, SN ¥ 2 SRR - PV

o -~

10
1
12
13
1
15
16

17'

See Table 2 for explanation of symbols, and pages 32, 33 and 5 for a

Variable

PVA2S
SI1
SI1/RC1
FI1l
FI20
SI2

RC2

SI12 /RC2
DW2
BOO
PJ6
PJ20
PJYh
DJ30
DJY?
phyall
DJY21

TABIE 23

WEIGHTING FOR ORIGINAL VARIABIES

IN COMPUTED COMPONENTS

1
-2l
854
922
275
367
903
L5
701
839
- 760
827
«8L7
olbl
-.839
-.861
-.902

-+930

‘Components

2

-'179

‘-175

.l&
.825
o135

’t120

-ohhh

oLl

=299

o521

-0256

‘0286

-.287
‘-th
'0303

=.219

051

cussion of the significance of this table,

3
-.002
«310
-.03)
«321
26
e299
12,
-.036
377

226 .

~-«300
OL6
o171
321
321
279
«212

676
250
116
- 056.
-.023
223
080
348
057
<160
-.001
~o11h
~ o551
-012
-.029
«018
oll
dis-



TABLE 24

PERCENTAGE OF VARIATION ACCOUNTED FOR BY FOUR PRINCIPAL COMPONENTS.

Component

Percentage of
variatipn

accounted for

57485
.92
9.67
6456

Cumnlative

percentage

57.85
7277
80.Lh
87.00

78
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DISCUSSION

From Tables 14 to 22, which show the correlation coefficients be-
tween paifs of.variables, it is clear that envirommental pressures asso-
ciated with altitude have been the principal selective pressures resulting
in the adaptation of spruce populations to a wide range of enviromments.
Furthermore, it appears that these factors of the enviromment associated
with altitude vary progressively, resulting in a clinal pattern of variation
(Fige 8).

| Because of the inadequacies of available climatic data for British
Columbia (Chapman 1952, Chapman and Brown 1966) it is not possible to obtain
climatic data for the place of origin of each of the 150 spruce provenances
grown at Cowichan Lake, or even for a small proportion of these provenances,
Nevertheless, despite the inadequacies of the climatic data an attempt is
made to explain the pattern of variation in the immature spruce populations
grown at Cowichan Lake in terms of the enviromment as determined by altitude
at their plaqe of 6rigin. In regard to provenances from the area of the Nass‘
and Skeena rivers the variaiion pattern is explained in terms of the en~-
viromment as determined by continentality,

There is sufficient evidence from Langlet'!s work (Langlet 1963%) to
warrant the conclusion that, in the interprétationhof the gfowth behaviour
of diverse provenances grown in a uniform enviromment, the day length on the
first day of the year which shows an average temperatures of plus 6°Co(h3°?)
is an extremely valuable index of the enviromment at the place of origin of
these provenances. Consequently this index is used in the present study, and

will henceforth be referred to as day length at L3°F or DIL3.
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Cowichan Lake is situated on Vancouver Island at ca.lat. h9°00', and
has an average froét free period of 1&7 days (Coﬁnor 1949). The annualﬁcli-
matic pattern at this station is given in Figs. 9 and 10 énd compared with
the climatic pattern at meteorological stations at increasing altitudes
(Fige 10) and decreasing continentality (Fige. 9). Figs. 11 to 18 show the
félationéhip between temperature and phofoperioa at different ecological
zones in the interior of British Columbia, and at the Cowichan nursery, and
compare each of these zones with the photoperiod and temberature regime at
Cowichan lake during growing season of 19661.

Tt will be seen from Figs. 11 to 18 that DIL3 at Cowichan Lake is
generally.shorter than that of high elevation provéﬁances from the interior.
The lower the elevation of the interior provenances the closer the line AB
and CD, which respectively indicate the DL43 at Cowichan Lake and at a repre-
sentative weather station. For example at Vavenby, which is a DOTzstation of
the same elevation, and is véry close to the Birch Island proveﬁahces (25 and
62, eleve 1400 ft., lat. 51°35', long. 119°50') the DIL3 is almost identical
with that of Cowichan Lake (Pig 11). W |

The percent dérmant'on sixfdifferent dates is given in Table 12 for
all provenances, and in Figs. 11 to 13 for a number of representative high
and low elevation provenénces. From Figs.lll_to 13 it is clear that high
elevation provenances entered dofmanc& during the 1966 growing season at
Cowichan ILake when temperatures were increasing; but the photoperiod had
begun to decrease. Low elevation provenances also entered dormancy when
temperature was_incréasing, but at a much later date than the high elevation

provenances. For example, the Clearwater provenance (61, lat. 54°L0°,

1’In determining photoperiod for a given latitude it was not considered
necessary to adjust for altitude.

e Department of Transport weather station.



elev. 1600 ft.) showed 35 percent dormancy on June 30, when the Birch Island
provenance from approximately the same latitudé, but lower elevation, showed
no sign of dormancy, and showed only 5 percent dormancy on July 1h when the
Clearwater provenance was 65 percent dormant (Fig. 11).

Similarly provenance L2 from a region south of Prince George, but
at 3400 ft. showed 28 percent dormancy on June 30 when temperatures were
increasing. Provenance 10 from Soda Creek; elev. 2200 ft., showed only 3
percent dorhancy on this date. As in the previous example, temperature was
increasing and photoperiod decreasing at the outset of dormancy (Fig. 13).

These examples‘are typical of the general pattern of the outset of
dormancy in all populations from the white-Engelmann complex growing at
Cowichan Lake. The pattern varies, however, in populations from the general
region of"the Nass and Skeena rivers. It seems clear that the intrusion of
Sitka spruce genes, as a result of decréasing continentality, influences the
pattern of variation in these populations.

For example it will be seen from Fig. 12 that provenance 128 from
the region of Hazelton (lat. 55°18', long. 127°19', elev. 2200 ft.) and
provenance 1l from Babiﬁe Lake (late. 55020', long. 126°38', elev. é300 f£t.)
differ significantty only in regard to longitude. Yet there is a striking
difference in time of entering dormancy. On June 30, the Hazelton provenance
showed only 1 percent dormancy while the Babine Lake provenance showed 25
percent dormancy;j

In regard to time of entering dormancy the Hazelton provenance is
typical of all the provenances from the Nass and Skeena river drainages.

A1) of these provenances entered dormancy much later than provenances from
east of this general region. As in the previous two examples the Babine

lake and Hazelton provenances entered dormancy when temperature was in-
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creasing at Cowichan Lake, but photoperiod decreasinge.

Because of the ¢linal pattern of variation in the time of entering
dormancy (Fig. 8) the relationship between temperature, photoperiod and
degree of dormanéy illustrated in Figse. 1l to 13 will vary similarly for
all other provenances. It seems, therefore, that, as in the case of the
many other tree species referred to iﬁ a previous section, the onset of
dormancy in white spruce and its related forms is photoperiodically de-

terminede.
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THE ECOLOGICAL SIGNIFICANCE OF PHOTOPERIODIC

ADAPTATION IN WHITE SPRUCE.

In the last section evidence was provided in regard to the photo-
periodic éontrol of dormancy in the spruce populations growm at»Cowichan
Iake, In this section an atterpt is madé fo clarify the ecological signi-
ficancergﬂ photoperiodic control of dormancy in these populations, and to :
indicate the manner in which the photoperiodic stimulus may be received by
the spruce seedling, and traﬁslated into metabolic activity'leading to
dormancye.

It is well known that organs which are growing are much more sus-
ceptable to injury by freezing temperatures than organs which are dormant.
It is also generally known that the decrease of growth activity in the buds
6f perennial plants Ymanifests itself in a lowered capacity to react imme-
diately by continuedmgrowth to certain conditions which are growth-promoting
during the active phaset (Vegis 1963). The capacity to enter.dormancy well
in advance of the averaée occurrencerof éarly fall frosts confers a survival
advantage on that proportion of a population of trees which possesses it.
For such trees have the capacity to survive temperatures damaging to those
which continue growth,.

The selective action of fall frosts operates both on seedlings
and mature trees. But it is clear that a temperature which is lethal for
seedlings may only injure, or have very little effect on mature trees
(Parker 1963). Most coniferous trees including white spruce are predominantly
cross pollinétors. Consequently, the individuals tend to be heterozygous and

the population heterogenous. There is, therefore, a wide range of genetic
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variability within any one population even though that population in nature
occupies a relatively uniform environment. There is little doubt that this
intra-population variability is itself an adéptive characteristic for it
buffers the population against yearly fluctuations of the enviromment, as
well as long term gradual changes in climate. It is this pool of genetic
variability which is acted upon by the selectivé pressures of the environment.

The date of -the occurrence of the first killing frost in any one
environmeht will vary frem year to year, and each year will exercise its
maximum effect at the seedling and sapling stage. Now, that proportion of
the population which enters dormancy at an early date, as a result of a
capacity to receive and transmit a stimulus from a factor of the enviromment,
other than temperature, will avoid the lethal effects of freezing temperatures
which eliminate, i.e. select, those seedlings not possessing this\capacity.
These seedlings will survive, therefore, and pass on the capacity to their
progenies. The factor of the enviromment must be continuous and increasing
in intensity so that if temperatures should rise again above the critical
point growth Will>not consequently be induced.

As indicated in Figs. 11 to 18, the one single factor of the en-
viroment which shows a pfogressive, unfluctuating increase with the passing
of time from summer to fall, and which does not fluctuate from year to year,
is the length of the dark period, or nyctoperiod - and it is the‘nyctopericd
and not the photoperiod which is the critical factor (Nitch 1963 pe 176).

If a portion of a population of spruce seedlings possessed a leaf pigment which,
és a result of decreasing day length (increasing nyctoperiod), receives and
transmits a stimulus resulting in dormancy, such seedlings wéuld have a sur=
vival advantage over those not possessing the pigment, for day length - and

this is the important point -~ decreases before temperatures decrease (see

Figse 11 to 18).
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Hendricks and Borthwick (1963) have shown that a bright blue

protein termed phytochrbme regulates mény'aspects of plant growth and de-
velopment, including dormanc&. Phytochrome has two interconvertable forms
with absorption maxima at 660 mp. and 730 mp. Hendricks and Borthwick re-

presented the conversion reaction as follows:

660 mp darkness
. ~ > P 660
P 660 : P 730

730 mp

and gave four ways in which phytochrome may link the plant to its enviromment.
These are givenﬂbelow in full:

(1) It changes with light quality independently of the intensity

above low values.

(2) It reverts in darkness from P 730 to P 660 and thereby de-

tefmihes photopericdisme

(3) The substrates upon which it acts and the products that it forms

depend upon photosynthetié and reserve metabolic activity.

(L) The rates of the crucial reactions in which P 730 is iﬁvolved,

inéluding its own dark transformation, are temperature dependent.

The investigations of the manner and extent of the control of plant
growth by'phytochrome referred to above were not conducted on tree species.
However, there is evidence that dormancy in trees is initiated as a result
of the accumulation of growth inhibitors under short photoperiod;_(Giertych
196l page 298,Nitsch 1963 page 18l;, Steward 1963 page 206; Wareing 1956
page 205). Steward (1963) has reported that in conifer leaves and in buds,
glutaminé and arginiﬁe levels fell with the onset of shorter days, lower
temperature, and lower light intensities, and that as the glutamine and

arginine levels decrease, asparagine and proline increase. When plants
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enter into long days this trend is reversed. Metabolic changes suqh ag these
can have phenotypic expression. TFor example the onset of dormancy of the
spruce populations at Cowicﬁan Lakey particularly in the first year, was
~ always accompanied by a vivid purple coloration of the leaves.

From the work of Hendricks and Borthwick (1963) it appears likely
that the metabolic processés leading to increased levels of inhibitors and
eventual dormancy in white spruce seedlings are mediated by phytdchrome,
or a phytochrome~like substance, following reception of the stimulus of
decreasing day length. It is possible, however, tﬁat'the photoperiodic
reaction is determined, not only by the dark conversion of P 730 to P 660,
but is the result of an interaction between an endogenous circadian rhythm
and phytochrome (Bunning 1961, Hamner 1963). For example, there is some
indication that pfovenances from areas of short growing season, i.e.,
provenances from northern latitudes and/or high elevations, are more closely
adapted to photoperiod than provenances“from areas of long growing season,
i.e.; provenances from low elevations and/or low latitudes (Irgens-Moller
1957, Olsen et al. 1959). In the latter instance ciréadian.rhythms may be
of greater importance than photoperiod, though it must be pointed out that
the theories of Bunning in regard to circadiaﬁ rhythms and photoperiod have
not been universélly accepted (Romberger 1963 p. 120).

It is not, of course, possible to provide evidence concerning the
effect of'photOperiod on flowering in spruce from a study of geographic
variation in immatﬁre spruce populations. There is,L however, evidence
from other studies that photoperiod may have little or no effect in regard
to flowering in conifers.

In a paper, which is of considerable significance in this connection,

Mirov (1956) showed that there is no definite relationship between photoperiod

and flowering in the genus Pinus. Most of the pine species of the world are
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represented at the Institute of Forest Genetics at Placerville, California,
lat, 38°hhf, and,at-the Univergiﬁy of California at Berkeley, lat. 37952,

In these two localities the longest day in summef is approximately 15 hoﬁrs.
.?ine from north of these latitudes were not inhibited in the production of

both male and female flowers. For example, Pinus sylvestris wvar, lapponica,

which has a northern distribution between lat. 600" and 70°0', produced
abundant male and female flowers at 29 years of age,‘despite thé fact that
the longest day in summer at latitudes spanning its natural range is
approximately 19 hours.

It is customary in Swedish forestry practice to take cuttings from
trees of high elevations and high latitudes for grafting on sﬁock near the

coast where the climate is much less severe., The species concerned are

Pinus sylvestris (Scots pine) and Picea excelsa (Norway spruce). Seed

production is eﬁhanced by this transfer, éhd if flowering Wheré under strong
photogeriodic control it is unlikely that such a result could be obtained.
Kramer and Kozlowski (1963) Matthews (1963) and Anderson (1965)
have reviéwed the liferature pértaiﬁing the floweriﬁg and seed setting in
forest trees. From these reviews it is clear that climate, other than
photoperiod, edéphic conditions and the age of the tree are the principal
factors affecting flowering and seed setting in conifers. Littlé evidence
was provided indicating that photoperiod exercised as imporfant an influence
in flowering in conifers aé it obviously_does in regard to dormancy. It is
likely, therefore, that the ecological significance of photoperiodism in
white spfuce in British Columbia is confined to flushing and dormancy -
particularly the latter - and is of little significance in regard to flowering.
Wareing (1956 p. 209) has pointed out that in regard to herbaceous
species it is generally assumed that the biological significance of photo-

periodism lies .in the control of flowering, and that wegetative responses
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are secondary. He goes on to state: Wit does not follow that this is
true also for wobdy species, howevef,ﬁin which the primary significance
of photoperiodism may concern dormancy phencmena", This is an important
hypothesis. It relates dormancy rather than flushing to photoperiod,
and also giveé dormancy greater significance than flowering as a photo-
periodic response in woody species.

The evidence presented above is in agreement with Wareing's re=-
marks conéerning flowering and photoperiodism in woody species. Eéidence
will be presented in the following section which indicates that Wareing's
speciél emphasis on dormanéy in relation to photoperiodism in woody speéies
is also essentially correct, at least in regard to the growth of immature

spruce populations in British Columbia.
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i
THE RELATIVE IMPORTANCE OF FLUSHING AND DORMANCY

AS ADAPTIVE FACTORS IN THE MICROEVOLUTION OF WHITE SPRUCE

In the last two sections evidence was provided in regard to the
photoperiodic control of dormancy in spruce, and the ecological significance
of photoperiodic adaptation discussed. The manner in which the photoperiodic
stimulus may be received by the spruce séedling and translated into metabolic
activity leading to dormancy was also indicated.

The question remains, however, as to the extent and importance of
photoperiédic control of flushing as well as dormancy. A second and related
qqestion refers tothe strong correlation between factors of the enviroment
and dormancy, and the relatively weak correlation betweén fhe same factors
and flushing (Fig. 19).

The writer hés not found a satisfactory answer to these questions
in the literature (reviewed by Vegis 1963), and because of this, and because
of its obvious importance in relation to the latitqdinal and altitudinal
displacement of forest tree seed, the subject is treated here separately,
and an explanation attempted.

Surprisingly few studies of variation within tree species are
designed to assess variation in times of flushing and dormanqy. Indeed,
much of our present knowledge concerning both of these vital phasés in the
growth cycle of forest trees comes, not from provenance trials, but from
physiological studies in controlled enviromments e.g. Wareing (1950 a,

b, c¢3 1951, 1956), who has also stressed the silvicultural aspects of
this work.(1966);
wareiné (1951 p. 51) has stated that there is no evidence that the

breaking of dormaﬁcy in Scoté pine in the spring under natural conditions is



photoperiodically controlled. He pointed out that dormancy is readily bro-
ken at any time from early Januéry onwards simply by transferring the plants
to warm conditions regardleés of the length of the natural photoperiod.

Pauley and Perry (1954) have shown that neither light nor its
periodicity appears to be directly concerned in the breaking of dormancy in
Populus. The onset of flushing occurred even in darkness. On the other
haﬁd,'ﬁhesé authors conclude that the role of photoperiod in the anmual
growth cycle of Populus appears primarily to influence the timing of physio-~
logical processes conéerned'in the onset of dormancy.

Morris et al. (1957) have shown that the date of flushing in the

same provenances of Pseudotsuga menziesii (Douglas fir) may vary as much as

a month between years; They aisd reportednﬁhat the time of flushing had no
apparent relation to annual height growth. The results of Ching and Bever
(1960) support the conclusion that flushing and height growth in Douglas
fir afe not correlated,

'Burley (1956) has shown that flushing in Sitka spruce is controlled
largely b& temperaturé, and that bud formation in the same species is a
response to photoperiod.

In a study of the seasonal height growth of 5 conifers, including
vhite sprﬁce, Kozlowski (1957) found that all trees started growth in the
spring before danger of frost was §ver, and stopped growth in the summer
usually long before fall frosts began. Hanover (1963), in a study of geo-

graphic variation in Pinus ponderosa Lawé. (pondérosavpine), found an

identical situation in regard to flushing and dormancy, and has reported

that all trees began growth in the spring before danger from frost has

passed, and ceased growing before the beginning of fall frosts.
Mitchell (1955) studied leader growth in 42 different conifers

growing at a single site in southern England. Two of his conclusions are



relevent to the present discussion. These are: (1) adverse climatic Condi-
tions in the spring had no appreciable effect on the time.of flushing (2) in
the year of planting, trees usually began their height growtﬁ several weeks
later than when they are established, but end at about the same time. These
conclusions have particular significance when it is considered that they are
based on observations made during several growing seasons on L2 different
species of conifers growing in a uniform garden. From the point of view of
survival in white spruce - which was one of the species studied - during the
first year of outplanting, and its obvious significance in regard to the re-
lative importance of flushing and dormancy as adaptive factors in the same
species, special interest is attached to the conclusion that the after effects
of planting can delay flushing for several weeks whereas it has no appreciable
effect on the time of growth cessation.

Fig. 19 shows the relationship between factors of the enviromment
at the place of origin and flushing and dormancy in the white spruce po-
pulations at Cowichan Lake. It will be seen that the correlation between
dormancy and fadtors of the eﬁvironment is high, and much higher than the
correlation between flushing and factors of the enviromment. The correlation
coefficient for dormancy on July 1l and altitude is .8&2. This is the
highest correlation coefficiént obtained between any one factor of the en-
viromment, and a measure of growth behaviour. Furthermore,.as will be seen
from Table 21, the date of entering dormancy and dry weight are highly
correiated. The correlation coefficient between dormancy on July 28 of the
2nd year, and.dry weight of two year old seedlings in -.800,

The curves for dormancy and flushing of high and low elevation
provenances, and for continental and maritime species are compared in Figs.
20 to 27. It will be seen that there is very little difference between

high and low elevation provenances, and continental and maritime species in



the curves for flushing. On the other hand, there are striking differences
between high and low elevation provenances, and between continental and
maritime species in the curves for dormancy. Indéed the dormancy curve
characterizes a provenance with considerable pfecision (see Fig. 22).

From the data .concerning the growth behaviour of 12 spruce pro-
venances sown in the spring of 1964 in the Cowichan Lake nursery (Table 13)
it will be seen that all 12 provenances inside the greenhouse flushed
approximately 3 weeks before those outside the greenhouse, and all provenances
from elevations above 3000 ft. inside the greenhouse entered dormancy by May
25 when temperatures were increasing, and moisture regime kept at optimum.
All provenances from below 3000 ft. inside the greenhouse showed considerable
variation in time of entering dormancy. The average number of days between
flushing and dormancy for provenances below 3000 ft. is approximately S0
days, and 70 days for provenances above 3000 ft. -

The apparent discrepancy between Fig. 7 and Table 13 is attributable
to the fact that a provenance was considered dormant when 50 per cent of the
seedlings measured were dormant, even though one or two seedlings had not
entered dermancy and continued shoot extension.

There appears to be sufficient evidence both from controlled en=-
viroﬁment'studies, and from studies of periodicity both in the nursery and
in natural stands of coniferous species, as well as from the results of the
present study, to warrant the conclusion that flushing in vhite spruce is
predominantly influenced by temperature, and that dormancy is predominantly
under the control of photoperiod. This does not imply, of course; that
temperature has no effect on dormanéy, and that photoperiod has no effect
on flushing. On the contrary it is possible that both of these factors of

the emvironment have some influence on each of these phases in the growth
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cycle of coniferous species. Similarly winter chilling exercises an import-
ant influence on the plant's reaction to photoperiod (Nienstaedt 1967). Never-
theless, the weight of evi&ence indicates that in regard to white spruce pho=
toperiod exercises its predominant influence on growth cessation and dormancy,
and temperature exercises its predominant influence on flushing;

The following hypothesis is presented in regard to the apparent'ﬁhoto-
periodié control of dormancy in white spruce and the lesser importance of
photoperiod and greater importance of temperature in the control §f flushing.
It is possible that this hypothesis can be extended to other tree species of
ﬁhe Pacific Northwest, e.g.»the inland form of Douglas fir.

There are two major differences, which the writer has not seen pre-
viously‘stated, between the environmental pressures 6perating on the plant
in the spring, and those operating in the fall. In the spring the probabi-~
lity of occurrence of killipg frost is decreasing with the passing of time.,

In the fall the probability of the occurrence of killing frost increases with
the passing of time. Secondly in the spring ﬁemperatures-and photoperiod are
increasing simultaneously, whereas in the fall photoperiod decreases before
temperatures decrease (see Figs. 11 to 18).

Because the probability of the occurrence of lethal frost increases
with the passing of time in the fall, it is clear that in respect to dormancy
a plant adapted to photoPeriod has a greater survival advantage than one
adapted to temperature alone. For the plant adapted to photoperiod will enter
dormancy in advance of the planﬁ ada?ted to temperature alone, and consequente
1y has a greater chance of avoiding the effects of freezing temperatures. In
the spring a plant remains dormant until temperatures reach a certain thres-
hold (approximately 43°F). Each day after the occurrence of temperatures say
above L3°F the probability of the occurrence of lethal frosts decreases ra-

pidly. This decrease is particularly rapid in areas of continentalitye



Therefore, no overwhelming survival advantage is confered on the plant in
the spring by the photoperiodic control of flushing. These considerations
also, to some extent, explain why dormancy is more closely adapted to the
enviromment than is flushinge.

There is one other observation which may appropriately be made in
this section. Fig. 8 shows the relationship between time of entering
dormancy and elevation at place of origin of 150 spruce provenances. .Though
the pure forms of white, Engelmann and Sitka spruce and their intermediate
forms are represented by these 150 provenances, there is no disjunct pattern
of variation in time of entering dormancy, and a clinal pattern is obvious.
It may be concluded, in regard to spruce species at least, that this is
evidence justifying the assumption that envirommental pressures which re-
sult in microevolution, i.e. genecological differentiation, differ only in
degree rather than in kind from the environmental pressures which result in
macroevolution, i.e. speciatione

Ianglet (1963a)has concluded that the faculty for normal development

and survival in Picea excelsa (Norway spruce) is not conditioned by the time

of flushing, but thét on the contrary it is fhe time of cessation of growth,
and initiation of dormancy which determines its fitness for use in practical
silviculture. From the evidence presented in the last three sections it

seems clear thaﬁ this conclusion is equally valid in regard to the growth of

white spruce in British Columbia.

Sl
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IGERMINATION BEHAVIOUR IN THE LABORATORY

Germination behaviour can be affected by a large number of factors
other than those which are purely genetic, e.g. time of harvesting and
methods of extraction and storage (Allen 1958, Roche 1965). For these rea-
sons it is obviously advantageous if the experimental matérial is completely
uniforﬁx, that is, if each provenance has been similarly treated, and if the
quality of the seed of each provenances is identicale. This is rarely possi~
ble, particularly when large numbers of provenances arevinvolved; for almost
certainly collections will have been made in different years, and the
handling of cones and seed will also vary to some extent from year to year.

There is one other major factor which will considerably increase
the compléxity of the problem. When forest tree seed is collected in natural
stands, the processes of natural selection which would operate on that seed
are bypassed. Consequently, seed thus collected contains a much greater
range of genetic variability than is likely to be found in nature in the
seedling progenies resulting from that seed had it been allowed to propagate
in its natural enviromment. These counsiderations also apply, of course, to
the nursery propagation of collected seed. However, in this instance some
selection will occur in the nursery bed, which in the optimum conditions of
an incubator will not occure.

The seed used in the present étudy is highly heterogenous in qua~
lity. Oniy one non-genetic factor influencing germination behaviour is, to
some exfent, accounted for, that is, embryo development. The influence of
other factors are unknown. Nevertheless, despite this heterogeneity in qua-

lity some general trends are apparent in germination behaviour which can be
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attributed to selection and adaptation at the place of origin of the seed,
rather than to the non-genetic factors discussed above,

It is clear from the results of this study that in assessing proven=-
ance différence in the germination behaviour of spruce, extremé temperatures
are more effective than optimum temperatures (Table 18). Allen (1961), who
obtained similar results with Douglas fir, demgnstratea that coastal and in-
terior provenances of this species can be distinguished best on the basis of
germination behaviour at 10 or 159,

The effect of differences in embryo development on germination be-
haviour is most pronounced at optimum temperatures, that is those tempera-
tures at which seed is usually tested. At extreme temperatures, particularly
at low temperatures, the effect of differences in embryo development appears
to be overwhelmed by the effect of provenances differences (Tables 1l to 17).
For example, certain provenances from the general region of the Nass and
ékeena rivers behaved similarly to strictly coastal provenances, e.ge. pro-
venances 85, lat. S4°L0', long. 128°)5' (near Kitsum Kalum lake), provenance
116, lat. 55008?: long. 127°2L' (near éeaumont-North of Smithers), in that
they did not germinate at all,_or had extremely low germination values at
15°C. The general relationship between germination values at 15°C and
altitude is shown in Table 25.

Germination behaviour is positively correlated with altitude at all
four temperatures. This would indicate that in regard to germination be-
haviour high elevation profenances are less narrowly adapted to temperature
conditions than are low elevation provenances. In other words, high
elevation provenances are capable of germinatinngver a wider range of
temperatures than are low elevation provenances. This is also true in re=-

gard to species, for the Sitka spruce provenances did not germinate at all
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at 15%, The :elatively high germination vigor of the high elevation

Engélmann épruce provenances is further illustrated by the data given in
Table 26, which is compiled from the Woody-Plant Seed Manual (see Alexander
1958 pe 9)e

It is well known that interior provenances of Douglas fir and lodge=-
pole pine.germinate more rapidly than coastal provenances when incubated at
the same temperatures (Allen 1958, Critchfield 1957, Roche 1962). This dif=-
ference in germination'behaviour is the result of adaptation to continental
and maritime climates. Similarly the differences in germination behaviour
between high and low elevation provenances of white spruce can be attributed
to the differential selection pressures prevailing in the subalpine and
montane forest régions.

The similarity in germination behaviour between the coastal pro=-
venances of Sitka spruce, and provenances from areas of coastal influence,
but within the range of white spruce, suggest that there is an intrusion of
Sitka spruce genes into the white spruce populations in this region.

Since germination behaviour is habitat-correlated it may be used
in conjunction with measures of growth behaviour to discriminate clusters

of similarity in the provenances studied.



TABIE 25

FERCENT OF PROVENANCES IN EACH OF FIVE ELEVATION GROUPS

WITH A GERMINATION VAIUE OF IESS THAN ONE AT 15°C.

3
L
5

Elev. (ft.) Percent
0 - 1000 | 100
1100 - 2000 LS
2100 - 3000 53
3100 - 4000 19
1100 - 5700 0

98

! Gormination value estimated in the manmer proposed by Czabator (1962)

TABIE 26

AVERAGE GERMINATION CAPACITY OF ENGEIMANN SPRUCE IN

COMPARISON WITH OTHER SPECIES

Species

Engelmann spruce
Lodgepole pine
Black spruce
Sitka spruce
Red spruce

Western hemlock

Germination Species
capacity
69 Western white pine
6l White spruce
61 Subalpine fir
60 Grand fir
60 Western larch

56

Pacific silver fir

Germination
capacity
5L
L9
. 38
28
27
2l
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RESULTS

PART B
GEOGRAPHIC VARIATION IN MATURE POPULATIONS OF WHITE SPRUCE

Regression analysis of data resulting from sampling in the white-
Engelmann spruce complex both in 1963 and 196l showed that the index of cone
scale morpholegy L1/I2 is highly correlated with altitude (Figs. 28 and 29).
Fige 3l shows theAvéfiabiliﬁy in cone scale morphology aloné an altitudinai
transect at Stone Creek, 25 miles south of Prince George (lat. 53°40!,
long. 122925'), This transect passes from montane white spruce foreét to
subalpine Enéélmahn spruce forest.

Of the 10 measurements of coné scale morphology made the single
measurement L1/12 X L3 was most effective in distinguishing species and
intermediate forms. wFigs. 30 to 32 show the pattern of variation in this
measurement for the 1963 and 196l collections, and also for the miscellaneous
collectionse

Sympatric populations of white and black spruce occur between
latitudes 54°00" and 60°00' (Figs. 35 to L)), and sympatric populations of
white and Sitka spruce occ;r between latitudes 54°30' and 55°30'; and
longitudes 127°30" and 128°40'. Fig. 33 shows the pattern of variation in
cone scale morphology in a 1oﬁgitﬁdinal transect which passes from coastal
Sitka spruce forest to montane white spruce forest. The actual samples
used in constructing the line of shape for this transect are shown in
I1luss. 7Te

In all areas where white spruce is sympatric with any one of the
other thrée spruce species which occur in British Columbia the line of shape

of cone scales from these sympatric populafions.exhibited_characteristics of
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both species (Figs. 33, 3L, 35 - LkL).
The means and geographic ofigin of foliage samples are given in
Table 27, and the results of the discriminant function analysis of all cone
scale data for 1963 and 196) collections are illustrated in Figs. 45 and L6
In the black-white spruce complex along the Alaska highway every
gradation'in bark type was observed from that of pure white spruce to that
of pure black (Illus. 1l}). A spruce population exhibiting a bark type

identical with fhat which characterizes Picea glauca var. Porsildii was

observed at Telegraph Creeck, lat. 57°52',.10ng. 131%12', elev. 1325 ft.
(Illus . 1)4) . -
' Iﬁdividual trees and populations exhibiting atypical branching

habit were located in numerous areas throughout the province (Illus. 13).
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TABIE 27
- MEANS AND GEOGRAPHIC ORIGIN OF FOLIAGE SAMPLES FROM SIXTY TREES

L4 ?
Sample Tree Lat. Long. Elev. in L{mm T T k) S v
Lo Yo 1000 ft. ) (=) v 1 52 /% R
|
1°© 17.0 0.82 20.6 18.4 1.0 18.40 a 1
2 1.3 0.72 19.8 137 1.0 13.70 G 1
127 3 SL.13 130,15 Ouly 15.3 057 [/ 26.h 12.7 1.0 12,70 G 1
b 13 miles SE of - Prince Rupert 13.7 0.75 18.3 1.3 1.0 14.30 a [}
[ 12.9 0.69 18,7 12.0 1.7 7.08 G [
1¢ 19.5 0.82 23.8 12.0 1.3 9.23 G o !
2¢ 11.9 0.73 16.3 1Ui.8 2.5 5.92 G o |
120 3¢ 55.3 129,30 05 19.8 0.91 21.8 1642 k.8 3479 G o
L° 8l mileu N4 of Terrace 1h.7 0.7% 18.6 .6 lds 10.43 G ) |
s¢ 10.L 0.77 13.4 16,1 3.1 5.19 G 0 l
!
1 21.3 1.04 20,8 5.0 5.0 1,00 G 1 )
2 17.7 1.10 16.0 6.l L7 1.36 G [
.o139 3 57.55 131.11 1.3 17.h 1.00 17.4 6.2 1.8 1.29 G 1 [
' L& 250 milea S#¥ of Watson Lake 17.8 1.32 13.6 7.3 5.8 1.26 P 1
s 18.9 1.12 16.9 6.6 5.1 1,29 G 1 !
‘ |
. 18 1h.2 0.91 15.6 12,9 5.2 2.8 a 0 |
' 2¢ 5.4 0,99 15.5 10.h 3.7 2.8 G 0 |
L1122 3¢ 55,28 128.47 1.4 1h.7 1.00 1.7 13.6 5.7 2.38 G o
[ Le 10L miles N of Terrace 17.0 1.00 17.0 12.1 Lol 2.75 G [}
5¢ 13.1 1.05 12.5 1h.9 6.0 2.8 G 0 !
i
|
i 1 17.0 1.26 13.5 5.7 5.3 1.07 P [} :
! 2 12.3 0.56 1L.2 57 3.3 1.70 G 0 '
p15L 3 Shas 122.36 2.3 16.1 1,09 16,6 5.6 L.o 1.0 P 1
N 25 miles N. of Prince George 15.2 0.97 15.5 . 6.7 4.7 1.h2 P 1 !
| 5 9.9 1.06 943 9.8 6. 1.61 P 2 |
|
| |
| 1 12.1 1.00 12.1 5.1 5.2 0,98 G [
i 2¢ ) 15.8 1.05 15.2 7.2 5.1 1. G o
y 187 3¢ 5h.lS 122.52 24 12.5 0.98 12,7 k.2 L6 0491 P o]
! Le 1l miles W. of Prince George 16.8 0.92 1843 Lol 4.2 1,05 P [} |
) 5¢ 16,9 1.02 16.7 543 4.0 1.32 P 0
’ 10 12.0 1.21 10.0 847 6.7 1.30 G L
2 16.5 1.1k 0.5 6.1 6. 0495 P 4
'o138 3¢ 59.18 129,08 2.9 7.2 0.97 7ol 8.8 6.5 1.35 P 2
! LS miles SW of Watson Lake. 1642 1.31 12,3 . 7.8 7.6 1,02. G [}
\ sc 17.8 1,09 16.3 6.9 7.0 0.98 G 0 [
I
; 1© 7.2 0,90 8.0 747 5.2 1.8 P 2 |
' 2 8.8 1.11 8.0 6.9 6.l 1,08 G o
oy 3 56.LL 124,55 3.3 9.0 1.07 8.5 8.5 6.k 1.33 G 1
L ¥iles 402 Alaska Highway 8.7 0.98 8.9 7.0 Sl 1.37 G o
5 10.8 0.99 11.0 7.7 5.1 1.51 G 1
| |
1° 10.5 0.9 1.9 7.2 L.y 147 P ]
2° 13.6 1.08 12.5 6.8 5.2 1.30 G o
w7 3¢ S7.17 122.45 3.9 13.9 1.18 11.8 9.1 6.5 1.40 P 2 .
ue miles 168 Alaska Highway 114 1.20 9.5 10,0 545 1.81 P 2 |
s5¢ 13.9 0.95 W7 7.0 8 1.75 ¢} o 1
i
! 1°¢ 2L.9 1.27 17.2 7.9 Le? 1.68 P 1
2¢ 15.8 1.4 13.8 7.3 5.3 1.38 P 0 ‘
155 3¢ 53,0k 121.31 L.2 17.3 1.18 14.8 7. 5.2 142 P o .
Le 55 miles E, of Quesnel 19.2 1.15 16.7 7.0 5.6 1.25 P ]
; 5¢ 13.2 0.90 13.7 7.8 5.3 1.L7 P 1
1 1.2 1.09 13.0 7.6 8.5 0,89 P 0
2 17.9 1.18 15.2 7.5 6., 1.17 P [
106 -3 51,02 115.58 b.3 1.7 1.19 12,3 6.5 IR 1.08 P 0
L 39 miles £, of Radium 13.3 1.24 10.7 8.l 6.9 1.21 P 0
5 17.1 1.3 13.0 7.5 S 1.38 P 0
1 17.1 1.30 13.1 7.8 5.5 1.L1 P [
2 20,1 1.3 15.¢ 8.7 6.2 L0 P [}
¢ 3 50,59 115.23 U7 17.k 1,22 1.3 6.2 6.2 1,00 P °
b 55 miles KB of Kamloops 20.% 1.1k 2843 7.9 5.0 - 1.5E P ")
S 22.2 1.26 17.¢ 7ak 5.0 1.k8 P 1

|
f

L - needle length, T - needle thickness, Sy - stomatic lines on dorsal surface,
So = stomatic Tines on ventral surface, R = no. of resin canals in needles;

V - vestiture, P - pubescent G - glabrous, ¢ - cone samples taken from the
same tree.

-
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DISCUSSION

It is ciear from the results that geographic variation in cone scale
morphology is habitat-correlated. The assumption is warranted, therefore,
that this variation is genetically'Based (Heslop-Harrison 196h pe 217), and
that variation in cone scale morphology is the phénotypic expression of a
pattern of physiological variation resulting from (1) adaptation to the
varying enviromments occupied by the species (2) hybiidization and the pro=-
duction of hybrid swarms which are also subjectéd to the envirommental
pressures similar in kind to those acting on the parental forms.

It is not possible to determine the extent to which variation in
cone scalé morphology per se confers a survival advantage on spruce popu-
lations. The characteriétic»shape of the scale of high and low elevation
populations in the white-Engelmann spruce complex, for example; may have a
direct effect in facilitating pollination at varying elevations; for the
characteristic shape of the scale is already present in young female strobili
at the time of pollination, both in high and low elevation populationse. More:
likely, however, this variation in cone scale morphology is a "neutral®
character, and therefore a selective value must be ascribed not to the
character as such, "but to the influence of the genes responsible for it
upon the relative viability of a specific gene combination in a specific
local enviromment® (Timofeeff-Ressovsky 1940 p. 123). _

The results show that white spruce is sympatric in British Columbia,
not only ﬁith Engelmamn spruce, but also with black and Sitka spruce. There-
fore in the interest of coherence and clarity the pattern of variation in

cone scale morphology will be discussed in three separate sections under
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the following headings:
(1) The pattern of variation in the white-Engelmann spruce
) complexe.
(2) The pattern of variation in the white-~black sprues complex.

(3) The pattern of variation in the white-Sitka spruce complex.
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THE PATTERN OF VARIATION IN THE WHITE-ENGEIMANN SFRUCE COMPLEX

The results obtained in this study support Taylor‘s_conclusion'that
the phylogenetic relationship between P. EEEEEE and_g.fengélmanii in British
Columbia "is best indicated by regarding them as subspecies of a single
species..." (Taylor 1959).

If seems clear that both forms hydridize freely, and that the hybrid
is occupying an ecological niche intermediate between that of the parental
forms.

It is unlikely that the hybrid can successfully compete in the eco-
logical niche occupied by either parent, for the parental forms will almost
certainly be better adapted to their respective enviromments than the hybrid
form. Therefore, for a hybrid to be successful an ecological niche must be
availabie for colonization. If the ecological niche is intermediate between
that of the parental forms, aﬁd is in the vicinity of the zone of hybridiza-
tion then the hybrid will colonize ite

In British Columbia such an ecological niche appears to be available
to the hybrid between white and Engelmann spruce. For between the low eleva=-
tion, allopatric white spruce populations of the montane forest, and the high
elevation, allopatric Engelmann spruce populations of the subalpine forest
there lies a broad transition zone which is available to the hybride.

Such a hypothesis will explain the clinal pattern of variation in
cone scale morphology obvious in the white-~Engelmann spruce complex. The
selection pressures associated with altitude will, as a rule, vary pro-
gressively, and consequently it is to be expected that the transition from

pure white spruce, through the hybrid swarms to pure Engelmann will be
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progressive. This situation is clearly shown by the pattern of variation
along a single altitudinal transect at Stone Creek, south of Prince George,
illustrated in Fig, 34.

.In the section dealing with the distribution and phylogenetic rela-
tionship of spruce in British Columbia, evidence was presented which indicated
that white spruce Auring late-Wisconsin time was much more widely distributed
than in historic time., Brink and Farstad (1949) have observed that in
northern and central British Columbia it is apparent that aspen forest is
advaneing into grasslahd, and have suggested that one of the conifers which
often succeeds aspen is P, glauca. These authors also point out that there
is evidence that Douglas fir has been replaced by spruce in north central
British Columbia. ’ )

White spruce is normally.assbciated with the nofthern moﬁtane and
boreal forest region in British Columbia, The present study, however, indi-
cates that white spruce and its related forms occur in a wide variety of
environments outside the northern montane foreﬁy, not of course as large
forests, but as small, fragmented, though not isolated, populations. From
the evidence of post-glacial forest succession presented in a previous sec=-
tion, and from the observations of Brink and Farstad (1949), it can be assumed
that these populations are colonizing populations, and not remnents of past
distributions,.

For these reasons special interest is attached to those small, frag-
mented populations, such as the Birch Island population which is discussed
below,

Sample 117, lat, 51°35', elev. 1450 ft, was made at Birch Island,
which is approximately 90 miles north of Kamloops. The sample area is
situated in the valley of the North Thompson River, and therefore is in the

southern section of the columbia forest region (Rowe 1959), This same
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area is also represented in the_immature spruce populations grown at
Cowichan Lake,'and the Birch Island provenance was the last provenance

of the white—Engelmann complex to enter dormancy in the fall of 1966.

Tllus. 5:2 shows the pattern of variation in this population, which the
discrimiﬁant function analysis showed to be a sympatric population of white-
and Engelmann spruce (Fig. 46), and it will be seen that in cone scale
morphology the population has'elements of both species.

It is clear, however, for the following reasons that the Birch
Island poﬁulation (and populations with similar cone scalevmorpholbgy) is
not simply a first»generation hybrid between white and Engelmann}épruce.
Firstly there are no large allopatric populations of white and Engelmann
spruce at this elevation (1400 ft.) in thé immediate area. Secondly, if
the Birch Island population were a first generation hybrid then it is to
be eipected that the seed collected from this population would be extremely
variable. On the contrary, the population af Cowichaﬁ Lake showed‘very
little variation. Furthermore, the delayed dormancy, and related growth bem
haviour of this provenance at Cowichan Lake can be explained in terms of
the envirorment at its place of origin rather than in terms of heterosis
resulting froem hybridization.

The conclusion is that the low elevation, Birch Island population,
and similar populations in the interior of British Columbia are the product
of introgressive hybridization followed by selection and adaptation of
fractions of the resulting hybrid swarms.

Introgressive hybridization results in the production of great
variabiliﬁy, and consequently the colonizing potential of white spruce is
greatly increased. For example, sample 63 (elevi 3300 ft., lat. 50000',
long. 120036'), which the discriminant function analysis classifies as a

sympatric popﬁlation of white and Engelmann-spruce,—was taken from trees
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growing in association with ponderosa pine 13 miles south of Merritt and
well outside the normally accepted ecological gzone of white spruce in
British Columbia,

for these reasons it isisuggested that introgressive hybridization
is one other factor which may account for the expansion of spruce in north
central British Columbia referred to by Brink and Farstad (1949).

From the point of view of practical silvicultural and éree improve-
ment, these low elevation scattered populations of spruce in southern
latitudes have considerable interest, and will be referred to in another
section (page 134).

The white spruce populations in the Rocky Mountain Trench do not fit
into the general pattern of variation outlined above. In the first instance
they occur at much higher elevations than white spruce in all other areas of
the province east of long. 127°00'., West of long. 127°00' white spruce
also occurs at high elevations, However, this region is more appropriately
discussed in relation to the pattern of variation in the white-Sitka complex.

The discriminant function analyéis indicates that The Rocky Mountein
samples 104 to 106 inclusive and sample 108 are from sympatric populations of
white and Engelmann spruce. Samples 104 to 107 are all from above 4000 ft,
Sample 108 is from 3850 ft. The flora is generally sparse, and distinct from
that common to typical Engelmann spruce stands at 4000-5000 ft. elsewhere in
the Province (Illus. 10)., One of the most common shrub in many of these areas

is Shepherdia canadensis. It is possible that these white spruce populations

at relatively high elevations in the Rocky Mountain ITrench, e.g. sample 108,
are a modern analogue of the late-Wisconsin forest described by Watts and
Wright (1966), and referred to in the section dealing with distribution and

phylogeny (Illus. 10).
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The results of this study indicate that in regard to cone scale
morphology in the white~Engelmann spruce complex the change from pure white
spruce to pure Engelmann spruce is a progressive one. TFurthermore, it seems
clear that the hybrid swarms, representing every degree of backcrossing, and
intercrossing between hybrid forms, are extending the range of spruce be-

yond the boundaries of the ecological zone generally associated with white

spruce.,
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THE PATTERN OF VARIATION IN THE WHITE-BLACK SFRUCE COMPLEX

Fifteen areas were sampled in the boreal forest lying approximately
between latitudes 560001 and 60%00', The cone scale morphology of indivi-
dual trees in 10 of these areas is illustrated in Figs. 35 to hhe It will
be seen that black spruce is a component of each sample except sampie 10
(forest section Stikine plateau, lat. 57055', eleve 1300 ft.) and 139
(forest section upper Liard, lat. 59°48°, eiev. 1300 ft.). Sample 14O is
identified as pure white spruce. Two t;ees of sample 139 are identified
as white spruce, but the cone scalé morphology of the remaining three trees
of the sample corresponds neither to white or black spruce, orbthe inter-
mediate form of these species (Fige 36)s In this regard special interest
is attached to the fact that this population (139) at Telegraph Creek
exhibited a bark type unlike the bark either of white or black spruce.
(I11lus. 1h).

B Aﬁother characteristic whicﬁ distinguished the Telegraph Creek po=-
pulation was the fact that male and female stroboli were'present at the base
of the crown, whereas the common position for reproductive organs in white
spruce is in the uppermost part of the crown. However, there is no striking
difference in needle morphology of this population and other populations of
white spruce (Table 27).

Sampie 141, which is also from the Stikine plateau section of the
boreal forest appears to have a black spruce component (Fig. 38). Samples
138, 142, 13 and 1}j5 are from the upper Liard section of the boreal forest.
The population represented by sample 138 was examined in some detail in the

field. Trees numbered 1 and 3 were felled, and foliage was collected from
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trees numbered 1, 3 and 5. It was not possible to distinguish clearly black
and white spruce by field observations in these areas. Tree number 1, for
- example, had foliage which in general appearance looked like black spruce
though its cones had the appearance of white spruce. The needles of this
tree were 12 mm. long, which is closer to black than white spruce (Table 27).

The cone scale morphology of tree number 3 is apparently intermediate
between black and white spruce (Fig. 35). Its needles are strikingly short,
7+2 mm in relation to the lengthAof phe>need1es of the other L trees sampled,
and its twigs are pubescent. Boph of these are black spruce characteristics,
yet the line of shape clearly shows characteristics of both white and black
spruce (Fige. 35, tree no. 3). _

'Taylor (1959) has shown that foliage characteristics are not corre-
lated with cone type in intermediate populations of white and Engelmann
spruce, and suggests in explanation that both characteristics are probably due
to the independent segregation of several genes. The lack of strong corre-

- lation between cone scale morphology and needle mofphology illustrated by
trees number 1 and 3 of sample 138 (Fig. 35) suggests that Taylor's ex~
planation may also be ex%ended to ihtermediéte forms of black and’white
spruce in the boreal forests of northern British Columbia.

Sample 142 (Fig. 39) was made 30 miles south of Watson Lake near the
Hyland River elev. 2075 Trees number l and 5 of this sample are inter-
hediate between white and Black spruce in cone scale morphology. Trees
nuiber 1, 2 and 3 are clearly white spruce.

Sample 143 (Fig. 40), elev. 1725 ft. was made 1lL3 miles south of
Watson Lake. Trees nﬁmbered'l and 3 are classified as black spruce, and
‘2, L and 5 as white.

Sample 115 was made at mile 281 on the Alaska highway, elev. 1650
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ft. Tree number 1 is classified as white spruce, and trees 2, 3, L and 5§
as black (Fig. l2).

Samples ihh, 146, and 147 were made in the northern foothills sec-
tion of the boreal forest (Illus. 1l). Foliage samples were taken in sample
area 1L, but except for tree numberfl, the foliage was taken from trees other
than those which provided the cones. It will be seen that, in general, needle
morphology for the entire sample is mofe characteristic of black spruce than
whitee Tree number 1 is identified as black spruce, number 3 as intermediate,
and numbers 2, L and 5 as white (Fig. 41). See also Illus. 1L which shows
variation in bark type in this area. . A

The line of shape for each of the five trees in sample 146, mile
24y of the Alaska highway, elev. 1760 ft., is relatively clear cut. Tree
number 1 is classified as an intermediate, numbers 2, l and 5 as black, and
number 3 as white (Fig. L3).

Foliage and cones were all taken from the same trees in sample 147,
mile 168 of the Alaska highway, elev. 3900 ft. Again it will be seen that
there is no apparent correlation between foliage characteristics, and cone
scale morphology (Table 27, Fig. Lhli) Trees 1 and 3 are classified, accord~
ing to line of shape, as blaék spruée, mean needle length is respectively
10,9 mm. and 13.9 mm. Trees number 2 and 5 are classified according to line
of shape as white, mean needle length is respectively 13.6 and 13.9 wm.

Tree number l; is classified as intermediate, mean needle length is 11.} rme.
Trees numbezﬂl, 3 and L are pubescent, whereas 2 and 5 are glabrous;

(Table 27, Fig. LL).

: Sample lhé is not graphed for line of shape but from Fig. L6 it
will be seen that it is classified as an allopatric zone of white spruce.
This sample was made at mile 103 of the Alaska highway, elev. 3200 ft.,

and field observations indicated that the ecology of the population sampled



was quite different from all other areas to the north, and that the area is

located in the mixedwood section of the boreal forest region. The deep moss

covering (see Illus. 1l) typical of all sampled areas to the north, except

sample area 139, is absent .

Sample area 14,9, elev. 3000 ft., is also in the mixedwood section

of the boreal forest, and the discriminant function analysis, as in the case

of sample 148, indicates that it is from an allopatric population of white

spruce. This area lies approximately 18 miles north of Fort St. John., The
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ground flora in this area is similar to that of sampled area 118, and is quite

distinct from all other northern samples, in that the deep covering of moss
and Ledum is absent.

vThe ecology of samples to the south of sampled area 149, except

sample 15, which will b e discussed separately, are in general typical of the

spruce forests of the montane forest region at 2000 ft. in the general re-
gion of Prince George, lat. ca. 54%00°,

It is cilear from the resultsﬁof this study that black spruce is a
much more'important component of the spruce forests along the Alaska high=-
way than has been hitherto acknowledged (Garman 1957). Of the 10 areas
sampled north of latitude 57000', only one, sample area 139, at Telegraph
Creek in the Stikine canyon, did not exhibit a black spruce influence.,

North of lat. 57°00' on the Alaska highway, black and white spruce
appear to occupy the same ecélogical niche. South of this latitude (it is
emphasized that lat. 57°OOT is an arbitrafy line for the change is transi-
tional), there is a gradual change in the composition of the spruce popu-
lationé, and black spruce moves to bog areas, and is not generally found
in association with white spruce (e.g. samples 148 and 1L9). Occasionally,

however, white spruce will be found in association with black in poorly
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drained areas south of lat. 57°00', e.g. sampled area 15l
It will be observed bothhfrom the results of the discriminant
function analysis, and the results obtained by line of shape method, that
Engelmann spruce is absent throughout the sampled éreas north of latitude
56%0"',

‘ As will be seen from the results of the discriminant function analy-
sis (Fig. L6) all three spruce species, white, black and Engelmann are re-
presented in sample 154. Sample 15} was made on the periphery of a bog near
Summit Laké, 35 miles north of Prince George. Foliage samples were taken in
this area, and it will be observed that the foliage samples of L of the 5
trees sampled exhibited dense pubescence (Table 27).

.This bog, and its associated floré, repreéent a fairly typical eco=-
logical niche where black and white spruce may be found in association south

of lat. 57°00'., However, in contrast to the situation north of latitude

57000', such an aésociation is atypieal for white spruce in the montane
forest region, where it is usuvally found in pure stands, and where black
spruce is relegated to areas of poor drainage. On the other hand, in the
boreal forest region along the Alaska highway north of lat. 57°OO', white
spruce is typically associated with black spruce on muskeg over a very large
area as indicated by samples 138 and 140 to 1L46. Consequently it is not
exceptional that intermediate forms of black and white spruce are represented

in these samples.
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THE PATTERN OF VARIATION IN THE WHITE-SITKA SPRUCE COMPLEX

In the study of variation in immature spruce population at the
Cowichan iake nursery on Vancouver Island it was observed that provenances
from the general region of the Nass; Skeena and Bulkley river basins entered
dormancy later than provenances from further east but at similar elevations,

For example, all provenances from Doughty (lat. ca. 55°00', long. ca. 127030';

élev. 2000 ft.) north of Smithers, and from the region of Hazelton, entered
dormancy much later than provenances from further east, e.ge. Fort Babine
(late ca. 55°20', long. ca. 126°28', elev. 2300 ft.). Furthermore, certain
provenances from this same region,Ain regard to gerﬁinaﬁion behaviour at
1500., behaved like Sitka spruce in that they did not germinate at all at
this temperature, or showed very low germination valuese.

The pattern of variation in mature populations in the same general
region of the Nass, Skeena and Bulkley river basins; as determined by cone
scale morphology, presents strong evidence as to why the progenies of spruce
populations in this area behave as indicated above when germinated or grown
in a uniform enviromment (Fig. 33 and Illus. 7). It seems clear that there
is a broad sympatr{c zone of white and Sitka spruce in northwestern British
Columbia, and that Sitka spruce genes appear to have penetrated along the
valley bottoms as far east as Hazelton and Smithers, and south east into the
valley of the Morice River.

As will be seen from Fig. 33 and Illus. 7 there is every gradation
in cone scale morphology from that of pure Sitka (sample 131) to ﬁhat of pure
white (sample 8l4); though sample 8l; still shows the influence of Sitka spruce.

There is, therefére, considerable evidence that introgressive hybridization
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is occurring in this area. The variation pattern is quite striking, and
obvious even in the field. For example, sample 132 was made in the Skeena
valley };3 miles east of Terrace. Thefassociated species in the sampled
area are western red cedar and western hemlock. Field notes indicate that
from west to east this was the first sample which showed a strong influence
of white spruce. The cone scale morphology of tree number 5 of this sample
is clearly intermediate between that of white and Sitka spruce (Illuse. 7).

It is, perhaps, significant that it was not possible to obtain mbre than
15 cones from this tree.

Sample 133 was made 58 miles east of Terrace. The strong influence
of Sitka spruce in this area is still quite ob?ious, and even by a visual
examination of the photograph of the sample from this area it is possible to
identify intermediate forms of white and Sitka spruce.

Fig. 33 and Illus. 7 show the pattern of variation in cone scale
morphology in the Skeena and Bulkley river valleys only, It is important
to note, however, that the pattern is similar in the Nass;rivér,valley.

A major complicating factor in the interpretation of the variation
pattern in this general region is that intermediate forms of white and Sitka
spruce are almost identical with pure Engelmann spruce in cone scale morpho-
logy. This fact has emerged from the present study, and is, perhaps, an ex-
planation for the reported occurrence of Engelmann spruce at very low
elevations, in areas of the Nass and Skeena rivers (Garman 1957). Almost
certainly it is the reason why samples in this area have been ciassified as
a sympatric population of Sitka, Engelmann and white spruce by the dis=-
criminant function analysis.

The best way to discriminate between spruce species and their inter-
mediate férms is by a combination of measurements. No single measurement by
itself is sufficiently accurate. Nevertheless, it is possible to distinguish

between white, Engelmann and Sitka spruce, though not intermediate forms, by
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the measurement 11/I2 x L3. The means of this measurement are graphed in
Figs. 30 to 32 for both standard and miscellaneous samples. It will be
seen that to the north and east of the general region of the Nass, Skeena
and Bulkley valleys the cone scale morphology is that of pure white spruce.
The éamples to the immediate south are pure Sitka spruce. There are, then,
in the vicinity of the sympatric zone extensive allopatric populations of
white and Sitka spruce.

From the results reported here, and from field notes, there is no
indication that extensive allopatric populations of Engelmann spruce occur
in the region under discussion. In fact at high elevations (above LOOO ft.)
to the north of the Skeena and Nass rivers the miscellaneous samples clearly
indicate the presence of pure white spruce. To the writer's knowledge,
therefore, the nearest extensive allopatric pbpulation of ﬁngelmann spruce
is several hundred miles to the east at 3500 ft. in the region squth of the
McGregor river and north of Sinclair Mills (lat. ca. 54°00', long. ca. 121°LL4').

The conclusioen is, therefore, that the variabilit} in cone scale
morphologj in northwestern British Columbia is the result of introgressive
hybridization between white and Sitka sprucé in this region. Subsequent
selection and adaptation gives a pattern of variation (Fige 33, Illus. 7)
which varies parallel with the progressive change in enviromment illustrated

in Fig. Ge
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THE RELATIONSHIP BETWEEN THE VARIATION PATTERN IN

MATURE AND IMMATURE SPRUCE POPULATIONS IN BRITISH COLUMBIA

As already stated the clinal pattern of variation in cone scale
morphology in the white-Engelmann spruce complex is the phenotypic expres-
sion of physiological adaptation to the varyiﬁg enviromments occupied by
these species and their intermediate forms.

The variation pattern of cone scale morphology in the Nass and
Skeena river basins indicates that there is a broad sympatric zone of white
and Sitka spruce in this area, and that there is a clinal pattern of varia-
tion in cone scale morphology along a longitudinal transect from coastal
Sitka spruce forests to the interior montané white spruce forests.

These results, therefore, and the results obtained in regard to the
growth behaviour of the immature spruce populations at Cowichan Lake, are
mutually corroborative. The results of both studies testify to the over-
whelming influence of environmental pressures associated with altitude with
respect to variation in the white;Engelmann complex. In regard to the
pattern of variation in the white-Sitka complex both studies indicate the
extent and effect of the penetration of Sitka spruce populations into popu~-
lations of whiﬁe spruce in the montane forest region.

Sampling in mature populations was more extensive than the sampling
in immature populations; consequently, there is no corroborative evidence
from the variation pattern in immature populations to support the results
obtained in regard to the pattern of variation in cone scale morphology in
the boreal forests of northern British Columbia.

Obviously, it would ha#e been considerably better to have conducted



the study of variation in cone scale morphology on cones which also supplied
the seed for the study of variation in immature populations at Cowichan
Lake. Had this been done it is clear that a high correlation could be es-
fablishéd between the cone scale morphology of the parenps and the per-
formance of the progeny in the nursery. However, even though cones and
seed were obtained from different samples'it is obvious that seedlings from
a seed sample obtained from cones with a morphology similar to that for high
elevation spruce in Table 6 and Illus. 3 are likely to enter dormancy at a
relatively early date in a coastal nursery; On the other hand seedlings
from a sample with a cone scale morphology similar to that for low elevation
spruce in Table 6 and Illus. 3 are likely to enter dormancy at a later date
then the high elevatioﬁ sample. These considerations do not, of course,
apply to spruce populations from the boreal forest.

One of the most recent, and most detailed taxonomic studies of
natural populations of a coniferous tree species is Ruby's (1967) study
of Scots pine. Six hundred and eighty-nine, cone seed aﬁd 1eaf épecimens
of Scots pine were collected from 39 stands in Europe and Asia. Nineteen
variable characters of cone and seed morphology were measured. Compilation
of tge components of variance for eight of these characters showed that
more than 95 -percent of the variance was attributable to between-region
differences, and less than 3 percent to stands within regions.

The particular significance of these results is that they could
be comparéd with the results of an associated 122-origin provenance study
of juvenile characters of Scots pine from the same regions but growm in a
uniform enviromment in East Lansing, Michigan (Wright and Bull 1963).

The regional groupihgs obtained by both studies were nearly
identical, and it was concluded that it is possible to delimit a race or

variety of Scots pine nearly as well by studying worphological variation
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in parental specimens collected in natural stands in Europe as by growing
their progenies in a uniform environment (Ruby 1967).

Correlation between morphological and physiological characteristics
are not unusual, and are the rule rather than the exception if the morpholo-
gical characteristics are associated with the reproductive organs. For
example the seed of the coastal and interior forms of Douglas fir

(Pseudotsuga menziesiivﬂﬁirb) Franco) is distinct morphologically, and this

difference is closely péralleled by a striking difference in germination be~
haviour at certain temperatures (Allen 1961). As Diver (1940) has stated
"morphological variation may only be a part of the whole field of variabili-
ﬁy, but there is little variation in the rest of the field which is not
correlated with some morphological change, howe%er slight,

The study qf variation in spruce cone scale morphology referred to
above is not a special case, and a number of similar investigations have
yielded information which is of immediate value to the forester engaged in
provenance research, e.ge. Prich8usser 1958; Parker 1963; Myers and Bormann
1963; Hall and Carr 196k,

The principal value of studies of this nature is that they provide
inférmation concerning the broad pattern of variation in the wild; mature
populations of tree species which have undergone selection and adaptation,
and possibly (as in the case under discussion) hybridization in their
natural habitat. A relatively large sample can be made and rapidly assessed,
and in this way the scope of subsequent experimental work with immature popu-
lations in controlled and partially controlled enviromments is narrowed.
These tests in turn narrow the scope of the field tests which ultimately
follow all preliminary assessments of variation.

The correlation between physiological variation in immature popu=

lations‘and,morphological variation in mature populations obtained in this
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study supports the view that biometrisl studies on field specimens of
cones and foliage can provide valuable evidence concerning broad patterns

of variation in the mature populations.
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THE TAXONOMIC SIGNIFICANCE OF GEOGRAPHIC

VARTATION IN WHITE SPRUCE IN BRITISH COLUMBIA:

The pure forms of white and Engelmann spruce in British Columbia
are distinct taxonomically énd occupy quite distinct ecological = niches. As
a result of introgressive hybridization, however, the intervening ecological
zone is also occupied by hybrid swarms, with the result that white and Engel-
mann spruce in British Columbia, as the present study igdicates,‘are the
extreme forms of a clinal pattern of variation which ranges from low elevation
montane forest to high elevation subalpine forest. Therefore, though the tax-
onomic relationship between white and Engelmann spruée in British Columbia

is, somewhat analogous to that of Abies balsamea var balsamea and A. balsamea

var phanerolepis described by Myers and Bormann (1963), there is little
doubt about the taxonomic validity of the subspecific status (Taylor 1959)
of the extreme forms of the white-Engelmann cline. The question remains
however, as to how the great arrey of variability along the cline can be
classified taxonomically. )

Langlet (1962, 1963) has discussed in some detail the whole question
of nomenclature in regard to.infraspecific variability in tree speciese.
Langlet s main thesis is that a species distributed over a region with a
continuéusly changing environment will exhibit a clinal pattern of variation,
and that it is futile and unnecessary "to attempt to comstruct special ter-
minology in order to summarize, and at\the same time discriminate between,
the various patterns which may occur" (Langlet 1963). ILanglet goes on to
say that when dealing with facts and problems of ecological infraspecific

adaptation and variability, as few terms as possible ought to be used.
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The writer is in full agreement with this view, and believes that
the best ﬁay to identify a spfuce population in British Columbia is to assign
to the sample, whether it is seed for future propagation, or foliage and
cone specimens for an herbarium, the exact elevation, latitude and longitude
at its place of origin. At a later date if a name must be assigned to the
sample then it may be classified by referring to Table 6 and determining the
line of shape of the cone scale morphology of the'sample in the manner pre-
sented here.

If a small portion of cones of all seed lots, collected for reforest-
ation purposes in sympatric zones of white and Engelmann spruce were retained
it would be possible to identify all such seed lots by the line of shape
method, and classify them accordingly. In this way each provenance may be

named simply as Picea glauca (Moench) Voss subsp. glauca; P. glauca (Moench)

Voss subsp. engelmanii (Parry) Taylof; or P. glauca ‘X 1_5. engelmannii, de-

pending on its claééifiéétion-(éee Taylor 1959). _

The results of the present'study stroﬁgly indicate that the simpli-
fied nomeﬁclature proposed by Taylor (1959) more accurately reflects the tax-
onomic relationships of white énd Engelmann spruce in British Columbia than
that which existed prior to his recommendations. It ié suggested, therefore,
that this nomenclature be used in the registering of spruce seed in this
province,

Natural hybrids of white and Sitka spruce, and white and black spruce
have already been identified and described. The white-Sitka hybrid was des-
cribed from material collected on the Kenai Peninsula in Alaska. The white-
black hybrid was described from materiél collected in Minnesota (Little 1953,
Iittle and Pauley 1958). It appears, however, that the evidence presented
in this study is the fiyst'indication_of the possible occurrence of both

hybrids in British Columbia, though, clearly, much more detailed taxonomic
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work in the sympatric zones demarcated for these species is required before
it will be possible to select such hybrids in British Columbia for tree
improvement work.,

The varietal epithet albertiana should be discarded, for as Taylor
(1959) has pointed out, and as indicated by the present study, it refers to
the wﬁite-Engelmann hybrid which is more accurately designated in the manner
indicated above,

There is no evidence from the present study which indicates that
the Porsild variety of white sprﬁce occcurs extensively in northern British
Columbia., It is possible that the small population at Telegraph Creek
(sample area 139) is of this variety. If so, it is obviously worthy of
further investigétion to determine its correct taxonomic status, and the
value of the population in regard to tree improvement work. This observa-
tion could be equally applicable to all the hybrid components of the spruce

complex of British Columbia.



Illus. 9

Subalpine Engelmann spruce forest. The upper photo gives a
general view of sample area 103, 64 miles NE of Cranbrook,
Late 49°Uu7', long. 115°27', elev. 4625 ft. The lower photo
illustrates the dense sbrub understory common in subalpine
Engelmann spruce forgstse. Sample area 112, 48 miles NE of
Kamloops, Lat. 50°48 , longe 119952, elev. L4800 ft.
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Illus. 10
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The white-Engelmann complex in the Rocky Mountain Trench. The
upper photo shows structures of stand at sample area 105. lLat.
50°48", long. 116°00', elev. L4OOO ft. and the lower photo sample
area 108. Iat. 51%1', long. 116°3L', elev. 3850 ft. Note the
xeric appearance of the stands and the lack of dense ground
vegetation. Contrast with illus. 9.
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Illus. 11 The white-black spruce complex of the Alaska highway. Mile }02
Alaska highway, sample area llili. ILat. 58°4L', Iong. 121,955°,
Eleve. 3300 ft. Note the deep Moss layer.



Illus. 12 Characteristic branching habit in high (1) and low (2) elevation spruce in B.Ce
1l - 38 miles West of Needles, elevation L4100 ft.
2 = 0 miles East of Prince George, elevation 2000 ft.
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I1lus. 13
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Variation in branching habit in spruce in B.C.
1 - 18 miles Northeast of Nelson; elevation )25 ft.
2 - 18 miles Northwest of Smithers; elevation 1200 ft.

3 = 30 miles North of Kamloops; elevation 3500 ft.
i = 10l miles North of Terraces elevation 1375 ft.
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Fige Variation in spruce bark type in B.Ce.
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Tlluse. 14 Fige 1l:1 and 1)4:2 illustrate variation in bark type in a sympatric zone of white and black
spruce on the Alaska highway in Northern B.C. in the general region of sampled area 1lLl, elev,
3300 ft., lat. 58°hh Along the Alaska highway there is every gradation between these two
extremes of bark type. Fige 123 illustrates the unusual bark type of the Telegraph Creek
population (see fige 36)e 14:1 black spruce, 14:2 white spruce.
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THE SILVICULTURAL SIGNIFICANCE OF GEOGRAPHIC

VARIATION IN WHITE SPRUCE IN BRITISH COLUMBIA

Turesson (1925), who proved the existence of maritime and inland,
northern and southern, low and high altitude strains within species, was
the first investigator to demonstrate that the greater the range of climates
the species is able to occupy the greater ﬁhe variability within the speciese
Furthermore, Turesson also demonstrated that climatic races of widely dif=-
fereﬁt species showed para;lel variation in regard to both morphological and
physiological properties (Hiesey et al. 19L2).

The present study.indicates that, in coﬁmon with the numerous plant
species ihvestigated by Turesson, white spruce is adapted to a wide variety
of enviromments, ranging'from areas of coastal influence, e.g. the Nass,
Skeena and Bulkley river basins, through the.montane and Columbia forest
to subalpine forests. The study also shows that the colonizing potential
of white spruce has beeﬁ increased by hybridization, and that this species
‘and its related forms have penetrated a variety of ecological niches well
outside the ecological zone normally associated with spruce.

The general significahce of photoperiodicity for the practice of
forestry has already been discussed by Wiersma (1958) and will not be
repeated here. It is, perhaps, sufficient to note tﬁat all recommendations
in regard to the silviculture and breeding of white spruce in British
Columbia must take this factor into consideration. |

The ecotype concept of variation (Wright and Baldwin 1957) tends
to oversiﬁplify the complex pattern of variation normaiLy found within a

tree species. It is not intended to repeat here the lengthy debate as to
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what is an ecotype; and what is a cline (Langlet 1959). The writer be=
lieves that the overwhelming evidence, inéluding the evidence of the present
study, indicates that the variation pattern in most widely distributed
coniferous species is clinal and not ecotypic. ZEcotypes in coniferous tree
species are more frequently the artifacts of inadequate sampling or sta-
tistical procedures than a true expression of the variation pattern.

However, it is obvious that from the point of view of practical
silviculture the ecotype concept is a useful one, and it will be resorted
to here in making recommendation, in regard to the silviculture of white
spruce in British Columbia. It is emphasized, however, that when latitu-
dinal and altitudinal boundaries are referred to, it is not implied that
these boundaries circumscribe an ecotype which, in its pattern of variation,
is discrete from that of the populations immediately to the north or south
in the case of iatitude, or higher and lower in the case of elevatione.

White and Engelmann spruce in British Columbia are the éxtreme
forms of a clinal pattern of variation associated with altitude. Therefore;
there are no sharp zonal boundaries marking the region outside whiéh a
given population cannot be moved. Nevertheless, if a population is dis~
placed by 1000 ft. upwards it is obvious that in general its growth rhythm
will be out of phase with the more severe enviromment at its new position.
Tt it is displaced downwards, but retained at the same latitude its growth
rhyfhm will also be out of phase with the enviromment at the lower elevation.
But since in most instances this enviromment will be less harsh than at
1000 ft. higher no profound detrimental effect will follow as a result
of a displacement downward. However, no silvicultural gain can be expected
either.

For example, the high elevation populations from approximately the same

latitude as Cowichan Iake were unable to avail of the mild condition pre-
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vailing in the coastal enviromment, and very low elevation of the Cowichan
lake nurserye. All these populations entered dormancy when temperatures
were increasing.

If, however, the displacement is downwards, and to the north, then
it is likely that a silvicultural gain will result from this transfer. There
is no silvicultural gain obtained by propagating high eleiétion spruce pro-
venances in a coastal nursery at southern latitudes in British Columbia as
is the practice at present. On the cohtrary, such a practice will almost
certainly increase the cost.. of planting stock.bécause of the necessity of
repeated transplanting to obtain seedlings of suitable size for outplanting.

For these reasons it is suggested that the propagation of high
elgvation spruce provenances in coastal nurseries at southern latitudes,
either on Vancouver»Island, or on the mainland of British Columbia should
be discontinued. Suéh populations growing in coastal nurseries at southern
latitudes enter dormancy early, and have a stunted "rosette" appearance
resulting from decreased internode length. On the other hand, these same
populations are likely to produce seedlings with desirable silvicultural
characteristics much more rapidly in & northern nursery, such as Telkwa
(late cae 55°00') in west central British Columbia, which is approximately
six degrees north of the coastal nurseries. Consequently, as will be seen
from Fig. 1, there is an appreciable gain in photoperiod during the growing
season.

Corroborative evidence for the conclusions stated in the above pa-
ragraph is available from a study.initiated by the writer in 1963 at the
Telkwa nufsery, and at the Duncan nursery on Vancouver Island, which is
épproximately the same latitude as the Cowichan Lake nufsery, and six degrees

south of the Telkwa nursery. Thirteen provenancés of white and Engelmann
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spruce were sown at both nurseries in the spring of 1963. Table 28 shows
the percentage of seedlings at both nurserieé which had entered dormancy by
August 22, 1964 (Roche 196lha)e It will be seen that a much greater percentage

of seedlings of all provenances at the Duncan nursery had entered dormancy

by the date given.

TABIE 28
PERCENTAGE OF 2-YEAR-OLD SEEDLINGS OF 13 SPRUCE PROVENANCES DORMANT BY

AUGUST 22 AT A SOUTHERN AND A NORTHERN NURSERY IN BRITISH COLUMBIA.

Provenance Lat. Elev. (ft.) Percent Dormant

(ca?ggfnw%o " (cafﬁv.mss%o )

1 56%00' 2300 69 | 23 .

2 55°00' 2000 52 15

3 54°20" 2000 sl 16

L 51°10" 2000 37 17

5 5,%7" 2300 2 18

6 53%5' 1800 22 11

7 52°30" 2200 3 12

8 51% 1400 1 0

9 51°15" 3800 69 36

10 50°%0' 1,000 55 18

1 505" 3200 39 9

12 1’3" k7o 33 18

13 b°15' ko 63 23



High elevation southern populations cannot avail of a 1ohg growing
season, but they can avail of increased day 1eﬂgth. This is a major conclu-
sion deduced from the performance of these populations of Cowichan Lake, and
it should be taken into consideration in all plans relating to the dis-
placement and propagation of these populations, whether in nurseries or
plantations.

A1l spruce provenances south of latitude 53°00', and from below
2500 ft. may be expected to grow rapidly in coastal nuréeries in southern
latitudess Indeed, some of these populations, i.e. the Birch Island popu-
lation, will-grow as rapidly as Sitka spruce in a coastai nursery.

Most of these low elevations, southern latitude provenances are

fragmented in their distribution, and lie outside the main body of the

speciess Nevertheless, it is clear that they have considerable silvicultural

potential, and that they will represent an important component in any tree
improvement program which may develop for white spruce in British Columbia.
For these reasons, a special effort should be made to collect seed from
these populationse This has already been done for the Birch Island popula-
tion, and there is now ample seed of this population available for further
experimentation.

Spruce populations from below 2500 ft. between latitudes 53°00'
and 55°00' produce seedlings with desirable silvicultural characteristics
more rapiély in coastal southern nurseries than high elevation populations
from southern latitudes. Nevertheless, even these populations will do less
well, silviculturally speaking, in a coastal nursery at low latitudes than
in a northern nursery. Indeed, the evidence of this study suggests that
a nursery in the vicinitj of Telkwa is likely to produce desirable spruce
stock in a shorter peried of time than coastal nurseries at southern

latitudes. Assuming that the microenviromment at the nursery site is
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optimum, it is possible that a nursery situated further east, but at the
same latitude as Telkwa, is equally preferable for the propagation of high
elejation provenances from southern latitudes. This remark, however, does
not apply to the populations from low elevation and low latitudes already
referred to.

These conclusions appear to contradict the recommendations of Eis
(1966) in regard to the propagation of white spruce seedlings in coastal
nurseries. However, the contradiction is more apparent than real for the
provenance effect was not investigated by Eis.

However, it is also clear from the results of this study that pro-
venances from below 2500 ft., and south of latitude SSOOO' will respond
extremely well to increased temperature irrespective of tﬁe day length
(within limits). Therefore, these provenances can be grown on the coast
with optimum silvicultural advantage if temperatures are increased arti-
ficially, e.g. by the use of plastic greenhouse. Furthermore, these popu-
lations do not require the stimﬁlus of an artificial soil mix, and will
respond vigorously to increased temperatures while growing on ordinary
nursery soil (Tllus. L)e.

High elevation provenances on the other hand do not respond to in~
creased temperatures to the same extent as low elevation provenances, and
appear to require a 16ng day length, such as that obtaining in a northern
nursery. For this reason if a nursery area is selected at a low elevation
in southern latitudes in the interior of British Columbia it is likely that
high elevation spruce provenances will not thrive in such a nurserye.

Very few populations from north of latitude 55°00' and east of
longitude 124°00' are represented in the study of variation in immature

spruce population at Cowichan Lake. Consequently it is not possible to
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indicate, with any accuracy, the effect expected as a result of a dis-
placement to south of low elevation northern populations. Nevertheless,
it is to be expected that they will behave similarly to high-elevation po-
pulations from southern latitudes. The results of the study of variation
in mature populations show, however, that a black spruce component can be
extected to occur in any extensive seed collections made to the north, and
indicates the need for further genecological investigation in spruce popu-
lations north of latitude 55°00°,

Frequently reforestation projects are:scheduled for areas for
which no seed of local origin is available, and consequently seed from other
regions is used instead. The results of this study indicate that a displa-
éement of 1000 fte. upwardé will almost certainly resuit in a pronounced de-
trimental silvicultural effect in most instances. A displacement of 500 ft.
is also likely to result in a measurable effect; ‘In this regard, survival
during the first 1 - 3 years is not a good measure of the ill-effects of the
enviromment on a displaced population. A displaced population, which shows
1009 survival during the first few years, could, nevertheless be quite i1l-
adapted to its new enviromment. There are a number of reasons for this.

In the first place the climatic pattern during a short number of years may

be atypical, and not representative of the average enviromment. Secondly, the
outplanting technique in relation to size of stock can have a drastic effect
on survival. Survival is an important parameter three to four yeafs after
the establishment of the plantation.

Though initial survival may not be drastically affected by a dis-
placement of seed upwards, growth will be affected. Consequently, it is
obviously unwise silviculturally to displace seed upwards more than 500 ft.

anywhere in British Columbia. No serious detrimental effect may be expected



11
to result from a downwards displacement of seed, while a downwards and north-
wards displacement will probably result in silvicultural gain.

The question as to how far north high elevation southern populations
and low eievation southern populations can be displaced without detrimental
silvicultural effects can be determined in the long run only from the field
teste In this regard it is worth noting théf certain pobulatioﬁs of Norway
spruce can be transferred 10 degrees northwards without any detrimental
effect (Langlet 1963b). This is not meant to imply that spruce populations
from southern latitudes in British Columbia can be moved similar distances.

It is very likely however, that (other things being equal e.g. site index

énd moisture regime) a displacement of L=5 degrees north may be silvicultural-
ly feasible for higﬁ elevation provenances from southern latitudes. -On the
other hand, it is likely that a transfer north of l degrees will result in

a detrimental silvicultural effect in southern populations from low
elevations (Roche and Revel 1966).

Not infrequently the éuéstion is asked b&'the practical forester
concerning the extent to which the variation pattern in juvenile populations
assessed in controlled environments (growth chambers) and semi=-controlled
enviromments (greenhouse and nurseries) adumbrates the variation pattern in
the same populations at a later date, 'A

There is little doubt that the optimum climatic requirements for
growth and development in forest trees, as in other plant species (Cooper
1963 pe. 392) vary at all stages of the life cycle. Consequently the
optimum climatic conditions for germination in a given species under natural
conditions are not likely to be the same as those which are optimum for
seedling growth. ‘Similarly, the conditions best suited for seedling growth
are not likely to be the same as those which result in maximum growth in a

50-year-old tree.
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However, natural selection in forest trees operates primarily at
the seedling stage, and the growth rhythm of a population adapted to its
particular climatic enviromment is determined at this stage. Therefore, if
2-year-old seedlings of provenance A enter dormancy eight weeks before pro-
venance B when both are grown in enviromment C, and if they are both left in
environment C, there is no reason to believe that this relationship between
the two provehances, assuming that they both survive, will be reversed when
the trees are 50 years old, Furthermore, if this difference in time of
entering dormancy shows a clear cut relationship with the enviromment at
place of erigin of each proﬁenance, then, to.a considerable.exﬁent, ;t is
possible to predict the relative adaptability of both provenances A and B
when outplanted in climatic zome D in the field test (Roche and Revel 1966).
It is important to note, however,‘that the characteristics measured in ju-‘
venile populations must be those which are of adaptive significance, and are
habitat-correlated.

For example, tﬁe low elevation, Birch Island prdvenance, and similar
provenancés, did best, silviculturally spéaking; at the Cowichan Lake nursery.
This does not mean that, in another enviromment, the Birch Island provenance
will always exhibit silvicultural characteristics superior to those of the
other populations with which it was grown at Cowichan Lake. On the contrgry,
if the same provenances were transplanted to a nursery;ai 1000 ft.'in Qhe
interior of British Columbia, then it is certain that the Birch Island pro-
venance, and similar provenances, would do least well silviculturally, and
that other provenances would do better.

To say that this is a reversal of growth at a later date in the
life cyclé of the Birch Island population is to misunderstand the principles
of genecologye. Thé vitaily important point is that if studies of variation

in immature populations in controlled and partially-controlled: enviromments
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are carried out on a sufficient large sample, and in sufficient detail,
then the relative adaptability of any population in a different envirorment
is to a considerable extent, predictable.

In this regard it is perhaps worth mentioning that the above sta-
tement is not based on supposition, but has considerable experimental
evidence to support it (Went 1957, Hudson 1957, Evans 1963). To give but one
example, Went (1957), by controlled environment: studies, established the

climatic requiremenﬁs of the plant species [Veratum viride. This plant had

never been grown in cultivation, and field tests completely féiled to give
any indication of the factors controlling its growth. On the basis of
growth chamber work it was possible to suggest locations where it might be
grown, and when tried out in these places it grew as predicted (see Fogg
1963, p. 243). | |

Had 150 to 200 populations from all sections of the boreal forest
of northern British Columbia been represented in the study of variation in
immature populations carried out at Cowichan Lake, it is certain that some
criteria would be provided in regard to the silvicultural consequences of
a displacement from south to north. For the variation pattern of these
boreal populations in a southern nurséry would reflect the‘environmental
pressures operating in the diverse sections of the Northern Boreal Forest.

Apart then from the study of variation in cone scale morphology
reported here, there is no information concerning the genecology of the
great spruce forests of northern British Columbia. The need for such in-
formation may not be pressing at the present time, hut with the increase.in
the pulpwood industry in British Columbia it is certain that such information
will be required in the near future.

For these reasoné, it would be wise to anticipate increased logging_

and reforéstation activities in these northern forests by initiating geneco=
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logical studies as soon as possibles. As Haddock (1961) has pointed out in

regard to Canadian spruce forests in genefal, and western Canada in parti-
cular "if planting is to be advocated as a widespread solution, even if for
only the best quality sites, much more must be learned about how to grow
high quality (physiologically) and inexpensive nursery stock of the best
possible genetic constitution®.

It is clear that the'coastal influence penetrates well into the
interior of British Columbia, and that in the Nass, Skeena and Bulkley river
basins therebare sympatric populations of white and Sitka spruce, and evidence
of hybridigzation between these species in the sympatfic zZone.

Assuming that there is hybridization between white and Sitka spruce
in the areas stipulated, it is not certain that the hybrid is of silvicul-.
tural value., For example, Thaarup (1945) reported that the hybrid Sitka-
white spruce has poor stem form, and warhed against collecting seed in the
zone of hybridization, and Mergen (1959) has pointed out that hybrid seed-
lings do not possess any advantages over their parents in their native
habitat.

In any event, it is likely that no silvicultural advantages can_be
gained by moving seed out of this zone into other parts of British Columbia.
It is possible, however, that high elevation southern‘provehanceé, or low
elevation northern provenances (to lat. 55000') can be transferred into
this area without serious detrimental effect.

It is stressed that the general recommendations given above con-
cerning the transfer of seed, and the propagation of seedlings in the nursery,
are tentative. These are recommendations which will be modified.as further
knowledge accumulates concerning the genecology of white spruce in British
Columbia. A major source of new information in this respect will be the

field trials following the study of variation in immature and mature-spruce
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populations reported here.
It is suggested that plantations of representative provenances
should be established in six forest regions (Rowe 1959) according to the

following general plan:

Area Forest Region Approximate elev.(ft.)
1 Interior subalpine | 4,500
2 Central Douglas fir 3000
3 SOuthern Columbia 1500
h Interior subalpine (North) 2000
5 Montane transition | f 2000
6 Southern Pacific Coast Sea level to 500

A1l provenances below 1500 ft., except numbers 25 and 62, should
be planted only at areas 5 and 6 (see Table 3). Areas 1, 2 and 3 should be
in the same general region between latitudes 51000' and 52°0"' if suitable
sites can be found. In this general region these three plant;tioﬁs, es=-
pecially if placed aléng a single mountain transect, will yield information
concerning the effects of a gross altitudinal displacement which will allow
the modification of the general recommendations already stated,

Area l; should be in the region of Germansen Landing at approximately
latitude 56°00', This plantation will yield information concerning the
effects of a g%ossilatitudinal displacement. '

Area 5 should be situated in the region of Telkwa, latitude ca.
55%00" 1ongitude ca. 127930's Consequently, as indicated by the study in
maturé populations; this pl;ntation will be in a transition zone between the
northern pacific coast section and the montane transition section, and will

yield information in regard to the effect of a gross displacement to the north
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west, an area for which there is a chronic shortage of spruce seed.

It has already been stated that all provenances below 1500 ft.
except provenances 25 and 62, should be planted only at areas 5 and 6. These
provenances represent Sitka spruce populations, both strictly coastal and
inland fofms, from a series of latitudes between latituae 49%00" and 56%0".
Therefore if area 6 is selected on the south western tip of Vanéouver Islaﬁd
much information will eventually be obtained concerning the effects of a
latitudinal displacement, while the same populations at Telkwa will yield
information conceming the effects of continentality on éoa.stal populations.
These same populations at Telkwa will therefore further clarify the pattern
of variation in the sympatfic zone of white and Sitka spruce.

| It will be seen from Table 3 that any one altitude (to the nearest
100 ft.) is representgd by a number of provenances. The results of the study
reporte& here indicate that 5 provenances from each 100 fte of altitude will
adequately'sample the 'population at that altitude. It is>suggested, there-
fore, that this criterion be applied in selecting prévenances for outplantinge

Forbspme altitudes there are less than 5_pfovenances available, but
for many éltitudes there are more than 5. Where there is a choice it is
obvious that the five provenances selected at a given altitude spould be
selected to represent the widest area at that altitude. For example at
2000 ft. there are 16 provenances from which to select 5. Clearly it is
better to select only one from the region of Doughty near Smithers rather
than select all 5 from this area which is well represented at this elevation
(Table 3). If this procedure is followed, there will be a c onsiderable re-
duction in the number of provenances selected for outplanting with a con-
sequent reduction in costs.

The above remarksdo not apply to provenances below 1500 ft. all of

which should be outplanted as indicated abovee
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Each of the outplanting areas, except area 6, will be well re-
presented by the provenances selected fof outplanting. Consequently there
will be a control available fqr comparison with alien populations.

In regard to a tree improvement program, it is suggested that the
main task in the immediate future is to find and exploit by selection and
breeding the great arrey of genétic variation in white spruce populations
identified and demarcated by the present study.

The X~ray method of assessing seed quality has considerable merit,
and is obviously superior to methods in use at the present time. It is also
clear that the envirommental requirements for optimum germination vary for
spruce seed from different elevations, and that an accurate assessment of
germinability in the laboratory cannot be obtained by germinating high
and low elevation provenances all at the same temperatures.

The eray'meﬂhod of assessing germination capacity described here
is accurate only when applied to seed undamaged physiologically as a result
of handling prior to extraction, extfaction.methods, and conditions of
storage. The low germination capacity of many provenances used in the pre-
sent study cannot be fully explained in terms of embryo development or

provenance effect, and it seems clear that this seed has suffered damage
during one or all of the processes referred to above. However, a comparison
of figures for germination capacity obtained in this study with figures
obtained as a result of routine germination tests fbllowing extraction,
indicate that the condition of the seed prior to storage rather than storage
conditions per se, is probably the principal cause of low germination ca-
pacity of seed which has fully developed embryos, and shows no sfructural
damagee

There is, nevertheless, a relationship between embryo development

and germihation behaviour even in seed which has a percentage of physiologi-
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cally unsound seed. Consequently seed lots used in research, particularly
research related to direct seeding, should be assessed by radiography.

Seed which has deteriorated physiologically can also be assessed by
the X~-ray method, but only if the seed has been treated by suitgble contrast
agents which vary with species and which are absorbed differentially by live
and dead tissue, and consequentiy,Apresent varying patterns of density in the
radiograph.

The results of the study of germination behaviour reported here
indicate a considerable need for more detailed studies of all factors
affecting germination behaviour in white spruce in the manner of Allen's
(1958) and Sziklai's (1965, 1966) comprehensive and detailed work on Dougles

fir.
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GENERAL CONCLUSIONS

1. White and Engelmann spruce in British Columbia are the extreme forms

of a clinal pattern of variation.

24 Throughout the Province south of lat. 55°00' and east of long. 123°00°
intermediate forms of both species occupy the broad transitional zone be-

tween the montane and subalpine forest regionse

3. The intermediate forms are found, not as large forests, but as small,

iragmented, though not isolated populations.

Le These populations are colonizing populations and not remnants of
past distributions. They may be identified on the basis of cone scale morpho-

logye.

Se The envirommental factors, which exercise selection pressure on the
whiteaEngélmann spruce complex, vary progressively from the montane to the

subalpine forest region.

6e The clinal pattern of variation in the white-Engelmann complex re-
ferred to in 1 above is the result of introgressive hybridization, followed

by selection and adaptation of fractions of the hybrid swérm.

Te No populations of Engelmann spruce occur along the Hart and Alaska

highways north of lat. 55°00°,

8. White spruce occurs throughout the Province from lat. h9°00' to the
Yukon border, and west to long. 129°00"' in the vicinity of the Nass and

Skeena rivers, and long. 131°00'iin the vicinity of the Stickine river.



150

9 The pattern of variation in spruce populations in the transitional
zone between coastal Sitka spruce forest and montane white spruce forest in

the Skeena valley is clinal,

10, Intermediate forms of both species occur in the Skeena valley and

may be recognized on the basis of cone scale morphologye.

11. The intermediate forms of white and Sitka spruce are very similar to
pure Engeimann spruce in regard to cone scale morphology. It is possible,
therefore, that in the past these forms have been mistakenly identified as

Engelmann spruce,

12, The envirommental factors exercising selection pressure on the
white-Sitka complex in northwest British Columbia vary progressively from

coastal to montane forest.

13. The clinal pattern of variation referred to in 9‘above is probably
the result of introgressive hybridization between white and Sitka spruce

followed by selection and adaptation of fractions of the hybrid swarm.

1lhe It is probable that sympatric populations of Sitka and white
spruce occur in other regions of the Province where coastal influences

penetrate the valleys of the major riverse.

15, Sympatric populations of black ahd white spruce occur along the

Alaska highway throughout northern British Columbia.

16. North of late 57%0"' on the Alaska highway, black and white spruce
occupy the same ecological nichee. South of this latitude there is a gra=-
dual change in the composition of the spruce populations, and black spruce

moves to areas of poor drainagee
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17, Individuals exhibiting characteristics of both black and white
spruce occur in the sympatric zones referred to in 15 above, It is possible

therefore that hybridization is ocourring between these species,

18. These individuals ocour at random, and there is no evidence that
intermediate forms: of black and white spruce are successfully colonizing

areas in the vacinity of the sympatric zones,

- e

19, . In regard to'the white-Engelmann spruce complex in British Columbia
there is sufficient eVvidence from this study to warrant the assumption that
the envir?nmehtal pressures which result.in microevolution, i.e., geographic
differentiation within the species, differ only in degree rather than in
kind from the enwironﬁenéai pressures which result in macroevolution, i.e,

speciation,

20, The fadulty for normal development and survival of white spruce,
and its releted forms is conditional by the cessation of growth and initiation

of dormancy.

21, Time of cessation of dormancy in & population in any one region
where the species occurs naturally is conditioned by its genetic consti-

BSution.

22, The genetic constitution of a natural population is predomirantly

determined by the photothermal regime prevailing in that region.

23, - In so far as there is a difference in the photothermal regime be-
tween any two regions the genetic constitution of the populations ocoupying

those regions will differ.
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2he One of the most importént external manifestations of this differ-

ence is the time of cessation of growth, and initiation of dormancy.

25. Time of cessation of growth and initiation of dormancy is a popu-
lation parameter. Therefore, the dormancy curve will accurately character-
ize a spruce provenance only if assessed on the basis of a relatively large

number of seedlingse.

26.  Between the time of the initiation of dormancy and its completion
in any one spruce provenance there is a period when the correlation between
dormancy and factors of the enviromment at the place of origin is maximum
for this provenance. Therefore, in order to determine this period a dor-

v

mancy curve must be constructed.

27, On the basis of conclusions 19 te 23 inclusive recommendations
may be made in regard to the silviculture of spruce populations from the

interior of British Columbia.

28, High elevation spruce provenances should not be grown in coastal
nurseries at southern latitudes on Vancouver Island or on the Mainland.
Such provenances camnot avail of the long growing season aﬁ these nurseries,
as they enter dormancy even when temperafures are increasing. The breaking
of dormancy during the same growing season is the exception rather than the
ruie in these high elevation provenances. Consequently they have a stunted
urosette" appearance resulting from decreased internode length, and are

inferior planting stock even after transplantinge.

4
29. High elevation provenances cannot avail of a long growing season,

but there is evidence that these provenances will respond to increased day

length. Therefore, high elevation spruce provenances other things being
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equal e.g. conditions of soil, general supervision, etc., are likely to
produce seedlings with desirable silvicultural characteristics much more
rapidly in a northern nursery, such as Telkwa, which is approximately 6

degrees north of the coastal nurseries.

304 Assuming that the microenviromment at the nursery site is optimum,
it is possible that a nursery situated further éast, but at the same lati-
tude as Telkwa, is equally feasible for the propagation of high elevation

provenances from southern latitudes.

31. All spruce provenances south of latitude 53°00' and from below
2500 ft. may be expected to grow with relative rapidity in coastal nurseries
in southern latitudes, and some will grow as rapidly as Sitka spruce in

these nurseriese.

32. These small, fragmented, populations, eeg. the Birch Island popu-
lation, have considerable silvicultural value, and are of importance in
tree improvement work. For these reasons, efforts should be made to collect

seed from these populations.

33. Spruce provenances from below 2500 ft., between latitudes 53°QOt
and 55%0" will produce seedlings with desirable silvicultural character-
istics more rapidly in southern coastal nurseries than high elevation pro-
venances from southern latitudes. These same low elevation provenances,
however, are likely to do much better silviculturally speaking, in the
Telkwa nursery also, where spring and surmer temperatures are not much
lower thén those of the southern coastal nurseries, but where day length

during the same season is considerably longer.
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3k Provenances from below 2500 ft., and south of latitude 55%0"'

will respond extremely well to artificially increased temperature irréspect-
ive of day length (within limits). Therefore, these provenances can be
grown on the coast with optimum silvicultural advantage if temperatures are
increased artificially, e.g. by the use of plastic greenhouses. Further-
more, these popﬁlations do not require the stimulus of a prepared soil, and
will respond vigorously to increased temperatures while growing on regular
nursery soil. High elevation provenances, on the other hand, do not so

responde

35. White and Engelmann spruce in British Columbia are the extreme
forms of a clinal pattern of variation associated with altitude. Therefore,
when latitudinal and altitudinal boundaries are referred to above, it is not
implied that these boundaries circumscribe an ecotype which; in its pattern
of variation, is discrete from that of the populations immediately to the
north or south in the case of latitude, or immediately above or below in
tﬁe case of altitude. Therefore, there are no sharp zonal boundaries mark-

ing the region outside which a given provenance cannot be moved,

36.A Spruce provenances north of latitude 55000' may contain a black
spruce component. Such provenances from north of latitude 55°OO', whether
from allopatric zones of white spruce or sympatric zones of whité and black
spruce, are likely to behave similarly to high elevation southern provenances

in regard to time of entering dormancy in southern coastal nurseriese.

37 Embryo development in spruce will vary with the seed crop year;
date of harvesting, and place of origin within any one year., Germination
behaviour is strongly influenced by embryo development. Consequently;

care must be taken to ensure that seed lot's used for experimental purposes,
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e.g. direct seeding tests, are standarized in regard to embryo development,

38. An accurate, and quick method of assessing embryo development and
seed quality in general is by radiography using the methods described in

this study.

39. In assessing population differences in germination behaviour, ex-

treme temperatures are more effective than moderate temperatures. Maximum
. )

differences are observable at 15°C. 30 C. is also effective, but less so

than 15°C. Least effective temperatures are 20 and 25°¢,

0. The temperature requirements for optimum germination are different

for high and low elevation populations.

. Spruce provenances from sympapric‘zones of white and Sitka spruce
in the Skeena, Bulkley and Nass river basins may be identified as to species
if germinated at 15°C. At this temperature Sitka spruce will not germinate
at all within 1l days, or will show very low germination values. White
spruce will germinate at this temperature. In making the test the germina-

tion percent must be corrected on the basis éf embryo development.

L2 Reduced germination capacity of spruce seed during storage appears
“to result not from storage conditions per se but from the condition of the

seed prior to storage.

h3. In regard to a program of tree imporvement for white spruce it is
concluded-that the main task in the immediate future is to find and exploit
by selection and breeding the great array of genetic variation in white

spruce identified and demarcated by the present study.

Llie Both the assessment of physiological differences in immature
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populations in controlled and partially controlled enviromments eand the
assessment of patterns of variation in mature populetions in the wild are
essential preliminary investigations to the field test, that is, the pro-

venance trial,

45, When the problem of infreaspecific varietion in & tree species is
considered as & problem in microevolution, rather than a purely silvicul-
tural problem, the emphasis in research is shifted to the genecological

investigations referred to in 42 above,

46, Much greater emphasis, therefore, should be given both to the
assessment of physiological investigations in immature populations in
controlled and partially controlled envircmments, and the assessment of

morphological variation in mature populations,

417, The field test, thaet is the provenance trial, is rightly considered
the last stage in the assessment of variation. Such trials then_fall within
the scope of the silviculturist, and ocan become part of an overall planting
program, The deta concerning the performance of these plantations, which
will accumulate over the years, may be used to modify the silvicultural re-
commendatiens drewn up bykthe genecologist on the basis of the investigations

referred to in 44 above,
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Fige 9 The relationship between continentality and temperature regime
for representative climatic stations in British.Columbia.
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Note the general decrease in temperature within increasing continentality.



Fige 10 The relationship between altitude and temperature regime for

representative climatic stations in British Columbia.
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Fige. 11 The relationship between photoperiod and temperature at the
Cowichan nursery and at Vavenby in south central British Columbia.
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Note the striking similarity of the environments as represented by the
Vavenby station and the enviromment at Cowichan in respect to the day
length on the first day of the year showing a temp. of 43°C. The Birch
Island provenance is represented by the Vavenby station. Note that it

is much slower to enter dormancy at Cowichan than a provenance from
approximately the same lat. and long. but higher elevation, and that it
produced maximum shoot extension in the Cowichan nursery. Points A and C
on the curves represent the daylength at each station when temperatures
reach 43°c,



Fig. 12 The relationship between temperature and photoperiod at the
Cowichan Nursery and at Babine Lake in Central British Columbia.
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Note the disparity between the two regions in this index of the environment

and compare with the Terrace station.

which is from the general region of Terrace, was much slower to enter
dormancy than the Babine Lake provenance which is further to the east, and

in a region of greater continentality.
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Note that the Hazelton provenance,

(See fig. 1l for Terrace data)is
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Fig. 13 The relationship between temperature and photoperiod at the Cowichan
nursery and at Barberville in east central British Columbia.
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‘Note the disparity between the two enviromments and compare with the curves
for Prince George and Aleza .lake. Note also that the Soda Creek provenance,
which is from a relatively low lat. and elev., was much slower to enter
dormancy than the Naver provenance. In regard to dormancy behaviour the
Soda Creek provenances is comparable to the Birch Island provenance and
other provenances from low elevations and .low latitudes.
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Fig. 14 The relationship between temperature and photoperiod at the
Cowichan Nursery and at Terrace in Northwestern British Columbia.
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Note that on the basis of this index of the enviromment there is not a great
disparity during the growing season between the enviromment at Cowichan and
the environments represented by the Terrace station. The significant
difference is not in temperatures during the growing season, but in winter
temperatures.



Fig. 15 The relationship between temperature and photoperiod at the
Cowichan nursery and at Aleza Lake in east central British

Columbia.
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Note the similarity of the Aleza Lake curves with those of Prince George, and

contrast with those of Babine Lake and Barkerville.



Fig. 16 The relationship between temperature and photoperiod at the
Cowichan nursery and at Prince George in central British

Columbia.,
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Note the similarity of the curves with those of Aleza Lake, and contrast

with those of Babine Lake, Barkerville, Allison Pass, and Vavenby.
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Fige. 17 The relationship between temperature and photoperiod at the
Cowichan nursery and at Allison Pass in southern British Columbia.
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Note that on the basis of this index of the enviromment there is a considerable
disparity between the environment at Cowichan and the environments represented
by the weather station at Allison Pass. Compare with the curves for 0ld

Glory mountain and contrast with Vavenby.
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Fige 18 The relationship between temperature and photoperiod at the
Cowichan nursery and on Old Glory Mountain in southern British

Columbia,
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Note the great disparity between the enviromment at this elevation, which is
at approximately the same latitude as the Cowichan nursery, and the environ-
ment at Cowichan as measured by day length on the first day of the year with
a temperature of 43°C. Approximately 33 percent of the provenances grown

at Cowichan are from above L4000 ft.
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Fig. 20 Curves of flushing for Sitka (1), white (2), sympatric popula-
tions of white-Sitka, and white-Engelmann (3), and Engelmann
spruce (L).
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Note the striking similarity of the curves for diverse provenances which
vary in altitude from sea level to L4700 ft. P-provenance; E-elevation;
I~latitude, .
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Fige. 21 Curves of dormancy for Sitka spruce ( 1 and 2) and provenances
from sympatric zones of white and Sitka spruce (3 and l).
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Note that}all provenances in L except 62 are from the region of Hazelton in
NeWe Brltlsh Columbia. 62 is the Birch Island provenance and is. from a

sympatrlc zone of white and Engelmann spruce (see part B re sympatric spruce

populatlons) Note also the similarity of the curves in l; to the pure Sitka

spruce populatlons, and compare with curves 5 and 6 in fig. 22.



Fig. 22 Curves of dormancy for provenances from sympatric populations of
white and Sitka spruce, and low elevation allopatric spruce pro-
venances. Note the great sensitivity of the dormancy curve in
distinguishing provenancese.

|o<-:w s - W 6.

PERCENT DORMANT

DAYS FROM JUNE 25

- Provenance 51 in 5 is from Hixon south of Prince George in central British
Columbiae 76, 77 and 127 are from N.W. British Columbia in the region of the
Kispiox river. 25 is from the Birch Island region. In 6, 106 and 110 are
from NeE. British Columbia: 13, 121 and 122 are from the Hazelton-Smithers
region in N.W. British Columbia.



Fige 23 Curves of dormancy for spruce provenances from elevations
between 2000 and 2300 ft. '

PERCENT DORMANT

DAYS FROM JUNE 25 ‘
Note that all these provenances except 8 in 9 and 128 in 11 have similar
curves. Both of these provenences are from the region of Hazelton. Even at
relatively high elevations, therefore, provenances from NeW. 'British
Columbia have a characteristic dormancy curve which distinguishes them from
provenances of the same elevation but further east. ‘
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Fig. 2}, Curves of dormancy for spruce provenances from elevations
between 2300 and 2700 ft.
13. ' 14.
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PERCENT DORMANT

40

DAYS FROM JUNE 25

-Note that the 5 provenances in 16 represent areas both in NeW. and Ne.E.
British Columbia, hence the strikingly different curves for provenances

from the same elevation.
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Fig. 25 Curves of dormancy for spruce provenances from elevations
between 3000 and 000 ft.
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- Note the gradual change in the shape of the dormancy curves, which at
L4000 ft., show the rapidity with which provenances from high elevations enter
dormancy in comparison with low elevation provenances from central British
Columbia, and provenamces from NeW. British Columbia.
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Fig. 26 Curves of dormancy for spruce provenances from elevations

between 4000 and 1500 ft. o
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Note that in regard to elevation provenances 2l and 26 in 23 are of doubtful
origin. Following observations in the nursery it was confirmed by corres-
pondence that both provenances were incorrectly registered. It is clear from
the dormancy curves that these provenances are from low elevations, and are
identical in growth rhythm to the Birch Island provenances.



Fig. 27 Characteristic dormancy curves for spruce provenances from

elevations between 4600 and 5000 ft.
1001 2s. I
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Noﬁe the change in form of the curves in comparison to those
venances from elevations between 1500 and 2500 ft.

for pro-
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RELATIONSHIP BETWEEN ELEVATION AND SPRUCE

CONE SCALE—SEED WING RATIO
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*Fig. 28 Each point on the curve represents the mean of 100 cones.
1963 collection in the white-Engelmann spruce complexe
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Fige 29

Relationship between elevation and spruce cone scale - seed wing ratio. Each point on the

curve represents the mean of 100 cones. 196l collection in the white-Engelman spruce complex.
L1/12 - cone scale seed wing ratio.
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Each bar represents

Pattern of variation in a single measurement of cone scale morphologye.
1963 collection.

the mean of 100 cones.

Fige 30
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Pattern of variation in a single measurement of spruce cone scale morphology.
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represents the mean of 100 cones. 19l collection.
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Fige 32
the mean of a varying number of cones.

Pattern of variation in a single measurement of cone scale morphology.
Miscellaneous collections,

€61



Fig. 33 The pattern of variation in spruce cone scale morphology along a longitudinal transect from coastal
Sitka spruce forest to montane white spruce forest. Note the increase and decrease in CV (Coefficient
of variation) as the transect crosses the sympatric zone,
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The numbers 1 to 10 on the vertical bars at the extreme left and right represent the 10 cone scale measurements
illustrated in fige ls In the top series of curves the mean for each longitude is plotted against pure white spruce;
in the bottom series against pure Sitka. The figures on the horizontal bars: represent the number of times each

mean of the sample deviates positively or negatively from the corresponding measurement of pure:white spruce (top
se;;es) and pure Sitka (bottom series). See page 41 for further explanation., CV refers to measurement 10,

L1/I2 x L3. _ '
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Fige 34 The pattern of variation in spruce cone scale morphology along an altitudinal transect at Stone Creek,
South of Prince George (lat. ca. 54°00').
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In the top series of curves the mean for each altitude is plotted against pure white spruce, in the bottom series
against pure Engelmann. The figures on the horizontal bars represent the number of times each mean of the sample
deviates positively or negatively from the corresponding measurement for pure white spruce (top series) and pure

Engelmann spruce (bottom series). Means are calculated from a 100-cone sample at each altitude ( see page 41

for further explanabtion)e. CV refers to measurement 7, 11/I12.
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Fng 36 Variation in cone scale morphology in a sympatric population of white and black spruce. 11 is

the characteristic curve of pure white spruce on pure black. 12 is the characteristic curve
of pure black on pure white. TN - tree number, C = classification, B - black spruce, W - white
spruce, I - intermediate form. (it was not possible to classify trees 2-l).
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Variation in cone scale morphology in a sympatric population of white and black spruce. 11 is
the characteristic curve of pure white spruce on pure black., 12 is the characteristic curve
of pure black on pure white., TN - tree number, C - classification, B - black spruce, W - white
spruce, I - intermediate forme
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Fige L5 Sympat;lc and allopatr:n.c spruce populations as indicated by discriminant function analysis of cone
scale data. 1963 collections
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Fige 46 Sympatric and allopatric spruce populations as indicated by discriminant function analysis of cone
scale data. 196l collection.
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