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SUMMARY

This report demonstrates the suitability of using multiple re-
gression and principal component analyses for growth prediction and phyto-

sociological studies in black spruce forests of eastern Canada.

The data come from 125 black spruce stands located in the Boreal
forest of Canada from Newfoundland to western Ontario. The observed factors
in this study are: dominance of species and species gfoups, stand density,

soil moisture regime and site index.

The prediction of site index is satisfactory using the dominance
of species and species groups in multiple regressiom. Principal component
analysis shows some possibilities of application for tPe identification of

]

broad site quality classes. Further study is needed tb perfect the vectorial

ordinations before this method can be used for prediction purposes.

The classification of forest stands as to types and associations
seems to be relatively simple with the component analysis. For application

to field conditions each region should be studied separately in order to

increase the precision of the vectorial ordinations.







RESUME

Cette publication démontre les possibilités d'utilisation de la
régression multiple et de 1'analyse des composantes principales pour la pré-
diction de 1'indice de fertilité et pour 1'étude phytosociologique des fo-

réts d'épinette noire de 1'est du Canada.

Les données proviennent de 125 peuplements d'épinette noire
répartis dans la for&t borgale du Canada, de Terre-Neuve & l'ouest de 1'0n~
tario. Les facteurs considérés dans 1'é;ude sont: ia dominance des espéces
et des groupes d'espéces, la densité des peuplements; lg régime hydrique du

sol et 1'indice de fertilité des stations.

L'indice de fertilité des stations est bien estimé 3 1'aide de
régressions multipleé basées_sur la dominance des eépéces et des groupes
d'espéces. L'analyse des composantes princiﬁales iﬁdique que cette méthode
pourrait servir a l'identification de grandes classes de fertilitg, mais au
préalgble des études plus poussées sont néceséaires pour ﬁféciser les ordi;

nations vertorielles.

1

" L'analyse des composantes principales peut étre utilisée pour

classifier les peuplements en associlations forestitres et types forestiers.

L'application générale de cette méthode nécessiterait une &tude particulidre

de chaque région en vue d'accroltre la précision des ordinations vertorielles.







APPLICATION OF'MULTIPLE REGRESSION AND PRINCIPAL COMPONENT ANALYSIS

TO GROWTH PREDICTION AND PHYTOSOCIOLOGICAL STUDIES OF BLACK SPRUCE STANDS

by G. Vallée! and G.L. Lowry?

FOREWORD

In its forest soil-site studies the Pulp and Paper Research Ins-
titute of Canada has been investigating the effect of sdil and related site
factors on the growth of Canadian pulpwood species with a view to developing
methods of increasing production. The first phase has dealt with black
spruce in eastern Canada. An attempt has been made to ta) determine on a
statistical basis the contributions made by various soil physical and che-

|
mical properties to the growth and yield of representative stands, (b) test
the value oflpresent physiographic and phytosociologicai forest classifica-
tion systems for growth and yield prediction, and (c) determine the inter-
relationships and the possibilities of using these measurements to predict
growth and yield. The results on black spruce have beeﬁ published in a ae¥
ries of reportsa. _This publication covers the use of p%inéipal component

 and multiple regression analyses for phytosociological‘studies, classification

1 pr. G. Vallée: Research scientist, Research Service, Dept. of Lands and
: Forests of Quebec, ‘ E ‘
2 pr. G.L. Lowry: Presently Assoc. Prof. of Silviculture, School of Forestry
Steven F. Austin State Univ., Nacogdoches, Texas. :
Formally Research forester, Pulp and Paper Research Institute
of Canada (P.P.R.I.C.). |
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of eco-systems and growth prediction of black spruce stands. Dr. Vallée
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PART O

* GENERAL CONSIDERATIONS

0-1 INTRODUCTION.

. Because of the qualitative nature of phytosociologic units such
as forest vegetation types or other plant groups, théir use to evaluate site
fertility is difficult. Furthermore, between discrete units there is a zone
of gradation which must be assigned in the proper pr&portions to the neigh-
bouring units in mapping site fertility om a regional basis. The result of

including these gradation zones increases the amount:of variation within

each unit. )

Many of the present descriptive methods Sf vegetation classifi~
cation are partly subjective. To avoid such subjectivity some phytosociolo~
gists have calculated coefficients of similarity or ﬁave analysed statisti-
cally, relationships between the various plént species. Dagnelie23 employed
principal component analysis and factorial analysis.;n the interspecific re-
lationships for phytosociologic and ecoloéic descrip?ion and for classifica-

tion of site fertility. Similarily, Ashton! used an ordination method in

!




studying the correlation between site productivity and soil composition.
Kinloch and Mayhead®® used factorial analyses in classifying site fertility

of plantations.

In the present study principal component analysis was employed
to classify the black spruce forest types and associations and for estimating
site quality. The method used here of estimating the dominance of groups of
species appears to improve the ésrrélafibns wiih'sité index as compared with
the individual species. These correlations were then compared with the

results obtained from principal component analysis.

0-2 OBJECTIVES.

| The primary objective of this study is to find a pradtical way
to evaluate site fertiiity in pure black spruce stands (Picea mariana Mill.
BSP.), by using the vegétation as it occurs. The method of site evaluation
should-bg simple and inexpensive to apply. The vegetative féctora (species

and species groups) considered should be easy to identify and to measure;

A secondary objective is to check the usefulness of certain

methods of statistical analysis in phytosociological classification of forest

areas.

These objectives will be developed in three parts:

Part 1 : The diversity of vascular flora, the forest types and
the distribution of species cover will be determined
directly from the original data.

:  The usefulness of statistical analysis in phytosocio-
logical studies of floristic lists will be investigated

and especially the applicability of principal component
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analysis to the classification of the black spruce
. }

forest types and associations.
Part 3 : Principal component and multiple regression analysis

of floristic factors will be examined to determine

their relative precision in estimating site quality.

0~3 LITERATURE REVIEW.

Only a general review of the ﬁrincipal worﬁ which has been done
in Canada in phytosociologic or ﬁhyto—ecologic forest classification is pre-
sented here. Ilvessalo®?, Rousseau®3?8* and.Bellefeuille 2»3 defined some
forest types of indicator blants, in accordance with tﬁe concepts of the
Finnish typologists' school of Cajander13—21. Heimberger"a’ﬂg clagsified
certain forests in a similar manner using soil analysis. Likewise, Rayeo,
Kaj;lasu and Spilsbury and Smith®® demonstrated a relaﬁionship between the
forest types and wood ﬁroduction. In general these workers gave more impor-

tance to the vegetative characteristics than to those of the site.

Hillsso;ss, classified the forest sites by:the lesser ve-
getation, moisture regime and soil permeability, with ihese last two fac-
tors being linked to the physiognomy of the region beigg mapped. This
classification used the concepts of the phytogeographic-physiognomic school

of Humboldt®®2%7  wvon Marilaun®?, Grisebach"® and Raunkiaer’®.

Lafond®®” 7% and Linteau7“, combined the floristic analysis phase
of the Braun—Blanéuet system"—12 with the site - type system of the Finnish :
school, and in classifying the forests took into account certain ecologic
factors (soils, slopes, exposure, etc.) so as to get ;‘better definition of

the phytosociologic units. These authors demonstrated that each " site

type" corresponded to a given wood production and therefore to a certain
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fertility the variation of which was small inside a given region. However,
our studies indicate that this variation is quite large for a given "gite

type" when considered over the range of eastern Canada.

Dansereau®® 3¢ has studied the vegetation grouping of the St.

Lawrence region following the Braun-Blanquet system but without considering

the relationships of soils to vegetation and other ecologic factors. Grandt-

59=62 72,73 °

» Lemieux , Dammanz",-Ladouceur6

nertl”H5 5 and others used

» Jurdant
the method of floristic study of Braun-Blanquet together with the ecologic
factors controlling the development of ﬁhytosociologic units to demonstrate
the usefulness of these ecologic types as maﬁﬁing units., This permitted a
better understanding of ecology and the dynamics of the vegetation and the

soils.

This last method presents many ;dvantages in forestry as has
been indicated by Dagnelie®2?23, Mani1’®, Richard®!’%? and Duchaufour®®.
Because these units represent sites of different wood production and differ-
ent management requifements, we may evaluate approximate potential producti-
vity of a forest and locate the silvicultural broblems within it. This
system promises to be a good workiﬁg instrument for ﬁractising and research

 foresters.

There is reason to believe that more objective and simpler iden-
tification of the phytosociologic units may be achieved by the application
of more advanced mathematical techniques. Also, by considering the vegeta-

tional factors as continuous variables, more precision of estimating site

quaiity should be possible.




0-4 METHODS. -

0-41 SAMPLING AREA.

The sampling area was confined to the Boreél coniferous forest,
that is to say the basam fir (4bies balsamea Mill.) an& black spruce domaine
as defined by Grandtner“?. One hundred and twenty—fivé sample plots were
located from western Ontario to the Atlantic ocean. Figure 1 shows the lo-

cation of the 25 study areas.

0-42 SELECTION "OF SAMPLE PLOTS.
In each study area, five fure black sbrucelstands were selected.
Each stand represented a " site tyﬁe"* or an homogeneous floristic surface.
The five sample plots were selected to reﬁresent a range of fertility and to

include the more common ecologic sites of the region.

The stands selected were regular and even-age with little evi-
dence of recent mortality and were of fire origin. Stand age varied, in

general, between 30 and 130 years.

0-43 PLOT DESCRIPTION.

Each sample plot was described (see Lowry’°) according to its
slope, topography, exposure, latitude, longitude, vegetation, soil profile
characteristics and stand conditions. Soil and foliage samples were taken
for laboratory analysis. In addition, stem analysis was made to determine
current and average cubic foot yields. This report considers only the ve-

getation and some selected ecologic factors.

* The site type is defined as: "A group of stands which are sufficiently
homogeneous as to the tree species which constitute them and as to the do-

minance of certain shrubs, herbs, mosses and lichens, to produce certain

quantities of wood, to have certain rates of growth, to have an origin and
final evolution which may necessitate a particular type of silviculture and
management" (Lafond®®).
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0-44 METHOD OF VEGETATION STUDYT

0-441 The ecologic¢ factors used.

Site fertility, soil moisture regime and the tree cover were
used to study the dominance structure of selected species in black spruce

stands.

0-4411 Fertility.

As used herein, fertility is based uﬁon the average site index
of the black séruce stand. For each plot, the total height and stump age of
10 dominant and codominant trees were measured and gite index was determined
from fhe height-age curves of Plonski’’ at 50 years. The average site index

for the plots was further consolidated into fertility classes as follows:

Site index class in feet ‘Fertility class

45 ~ 54.9 I
35 - 44.9 . II
25 34?9
15l 24.9

2.5 - 14.9

The scale used for moisture regime was taken from Hills®! and
was suitable for use, without ﬁodification, in comﬁuter analysis due to the
small number of sample plots in certain moisture regimes, it has been néces-
sary to use, in some of. the studies, a grouﬁed site moisture classification

with fewer divisions, as follows:




Moisture regime Site moisture class Definition
0 (Euxeric Very dry to dry
1 ( , Somewhat dry to fresh
2 (Subxerlc Fresh
3 Gooa Very fresh
4 (Me51c Very fresh to moist
5 ( Moist
6 (Subhydric Very moist
7 ( Very moist to somewhat wet
8 (Euhydric Wet
9 ( © Very wet to saturated

i

0-4413  Cover of the ‘treé stratum.

The degree of .cover of the tree stratum affects the light in-
tensity under the forest. As a result, the dominance of species composing
the lower strata may be affected. In order to quantify the tree cover, the
following area percentage classes were adopted: 0 to 20, 21 to 40, 41 to

60, 61 to 80 and 81 to 100. .

0-442 Floristic list by species. ;

The list of all species for each plot was made by estimating
the dominance and sociability of each species on an area of approximately
1/10 acre.: In the case'of tree sbecies, the sample'aréa ﬁas somewhat larger
in order to ensure a good estimate. Only the dominance data was used in

this study.

To properly explain the .present study i% is necessary to define
dominance with regard to phytosociology. Dominance is the amount in volume
or area, occupied by the individualé of the same sbecies relative to.tﬁe

- amounf of the whole sample plot (Guinochet"7). In fhis particular case, the

dominance "is the degree of cover of all the individuals of the same species

or of a species group relative to the area of the sample plot".

|




The:scale of dominance (D)rutilized was:

Percent of cover of the species : Median percent of the class

0z ' 0%
to - 5% _ 2.5%
6% to 208 . iz,sz
o 403 SR 30.0%
to 603 50.0%
to " 80% o 70.02

to 100% _ | 90.0%

The scale as presented above is convenient for statistical ana-
lysis of the data. The median percentage of each dominance class was used
to compute the "dominance percent" of the species by class of ecologic fac-

tors.

The abbreviations as proposed by Day37 were used where possible.
A list of the principal species identified in this study appears- in Appendix

I along with the abbreviation for each. -

0-4421  Strata.

As the floristic list was compiled separate estimates of the
percentage of cover of the tree, shrub, herb and moss strata were made.

These are defined as follows:

Tree stratum : Comprises the tree gspecies making up the crown
_canopy and dominating all the other species of
the stand.
Shrub stratum: Comprises shrubs and dwarf shrub species. It
" is more or less the intermediate stratum rela-
tive to the herbaceous carpet and the overstory
trees. The height varies generally from 6
inches (Vaceinium spp.) to 12 feet (Alnus spp.).
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Herb stratum : Comprises certain dwarf shrubs and the herbs,
grasses, sedges and pteridophytes of which the
height varied from prostrate up to 1.5 feet. :

Moss stratum : Comprises the moss, liverwbrt and lichen spe-
cies growing near the soil surface.

These definitions of the strata permit grouping the species so

that their above-ground vegetative parts beleng to the same competetive

three-dimensional space.

0-443 TFloristic list by species groups.

From a ?reliminary evaluation of the species‘lists of the first
forty plots it was found that within any one stratum, the dominance of cer-
tain species was relatea to site fertility. This dominance varied with the
ecology as well as the fertility of the site. Thus, a wet site with low
fertility was found to be dominated by the Sﬁhagnum sﬁec%es, whereas a dry
site with low fertility was dominated by reindeer moss (CLA) species. On
the otber hand, even under similar ecological conditions; one species could
have a higher dominance.than another species due to a foftuitous or competi-

tive effect. These relationships were checked by correlétion analysis.

- One objectivé in this study was to determinejthe relationship
between species dominance and site fertility. It was found desirable to
place certain species together into groups where they océurred in the same
stratum and where they had the same ﬁattern of dominancei By so doing, it
was possible to estiméte the dominance of the species gr%up directly rather
than by the addition of single species. The percentage gf cover of the

species groups was estimated with satisfactory precision (¢ 1 per cent) by

using a 30 inches by 30 inches quadrat, with sides divided into 5 equal parts.




The percent of cover of a specles group was an arithmetic mean
of twenty quadrat estimates, which in all cases gave a stable mean. The

twenty quadrats were distributed in the sample plot along two lines, inter-

secting at 90° and passing through the center of the plot. Ten quadrats were

taken on each line with a uniform spacing between them. This floristic list

was made for 75 sample plots and the species groups were composed as follows.

Variables ~ Stratum Component species (see Appendix I)

X3 Tree BEp - POt - POb - PRp - S0a - ACsp - ACr - BEl
X2 Shrubs LEg - KAa - CHAc - VA - RHc
X3 Herbs CHh - VAo - EMn - CA - CLIb - SMt - EQ

Xy Herbs COc LIb ASm - AS1 - ASc - SOLm - PTa -
MIn - PEp

Xs Mosses Cs = Du - Df - Ds - He

Xe Mosses SPH - CLA - HYp




PART 1

DIVERSITY OF VASCULAR FLORA, THE SITE TYPES AND THE DISTRIBUTION
OF SPECIES COVER ACCORDING TO CERTAIN SITE FACTORS

1-1 DIVERSITY OF THE VASCULAR FLORA.

1-11 VARTATION WITHIN THE STUDY REGION.

The study region comprised a very large area in which soil,
latitudinal and climatic differences may have affected the diversity (number
of species) of vascular flora. Also the last glaciatioﬁ may have influenced
the distribution of the flora within the study area. In order to determine
the magnitude of this variation the total number of.different vascular spe-
cies recorded for the five study plots at each location were added together

and the total value is sﬁown in figure 2.

1-111 Results.
In total, 167 different vascular speciles were identified. From

figure 2 it is apparent that, from west to east, the number of vascular

species per study area decreased.
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The study areas may also be grouped into three climatic-geologic
regions as shown in figure 2:

A. The region influenced by clay soil of Ontario-Quebec with
- 124 vascular species identified.

The granitic soil region of Ontario, Quebec and New Brunswick
with 87 vascular gpecies identified. .

The'granitic soil region to the east of the 65th meridian

which comprises a part of the Quebec North Shore, Labrador
and Newfoundland, with 49 vascular specles identifdied.

1-12 " "VARTATION IN NUMBERS OF VASCULAR SPECIES BY SITE CONDITIONS.

In order to gain a better understanding of the occurence of the
many plant species, plots were stratified accordiﬁg to fertility, moisture
regime and tree strata density. The result of this stratification are listed

in tables 1, 2 and 3.

1-121 Results.

A. The highest number of vascular species occured on the most
fertile sites (table 1), Even though site fertility is related, to a cerfain
degree, to density of the tree stratum, it would appear that this density
(table 3) is not closely related to the number of vascular species present

on the site,

B. The maximum average number of vascular species is found on
the sample plots of mesic and hydric moisture condition (Table 2). It was
found that the herbvstratum, in particular, contributes most toward the

average number of sgpecies by fertility, moisture and tree density class.

The tree and shrub strata generally contain a fixed group of species but with

a variable dominance. However the herbaceous species are more numerous on

fertile and moist sites than on the infertile and dry sites.
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Table 1. Average number of vascular species by fertili;y class.

Number of | Average number of

Site index class Fertility class sample plots vascular species
54.9 - 45 I 11 ‘ 26
44,9 - 35 11 34 22
34,9 - 25 IIL 34 13
24,9 - 15 Y 30 12
14,9 - 1 v 16 14

Table 2. Average number of vascular species by moisture condition.

Site moisture Number of Mean number of vascular species
by : by
Class Regime sample plots moisture regime | site class moisture
Euxeric 0 14 12 i 12
Subxeric 1 11 13 ; 14
2 29 15
Mesic 3 20 19 19
4 12 20 '
Subhydric 5 4 22 ; 18
6 8 16
Euhydric 7 6 22 ; 17
8 18 16 :
9 3 16

Table 3. Average number of vascular species by class of tree cover.

Class of tree Number of sample | Average number of
cover plots vascular species
1 - 207 5 .17
21 - 407 23 bo12
41 - 607 24 - 16
61 - 807 41 16
81 - 1007 32 .20




1-13 CONCLUSION.

Three floristic regions, different as to soil and geography, are
characterized by differing numbers of vascular species. In this study 1t
was found that the diversity of the vascular flora decreased from west to
east of the sampling region. This confirms the fin@ings of LaRoi’! who gives
a maximum number of species to the north of the Great Lakes region with a
minimum in the Maritime provinces and in Alaska. Furthermore the great geo-
logic formations (clay and granite morains) seem to exhibit a strong influ-

ence on the presence of vascular species.

The fertility and moisture regime of the site were related to

the number of vascular species present. The density of the tree stratum and
therefore light intensity did not appear to be closely associated with the
number of vascular species on the site. However, with a decrease of light

intensity a decrease in dominance was noted for many species.

1-2 BLACK SPRUCE SITE TYPE AND ITS ASSOCIATIONS.

~1-21 IDENTIFICATION OF ASSOCIATIONS AND SITE TYPES.

From the floristic list by species and using the site type des~

L 2

cription of Linteau’", Lafond®® and Damman®" each sample plot was identified
as to its site type and association. Black spruce associations, site types
and moisture regime are listed in Appendix II with their frequency by

site index class.

The association as used in Appendix II 418 in the same context as
given by Linteau’" and is relative to the importance of the defined vegetation
strata, the type of the cover and the tree composition. In part 2 (which
follows) the principal component analysis of inter-specific relations suggests
that an other association exist in addition to those described by Linteau’"®.

This new association (Peat moss and herb) is included in Appendix II.




- 15 -

1-22 CONCLUSION.
For the same site type, the variation in site index is quite
. |

large and is distributed, in general, in two or more fertility classes (see
Appendix I1I). For example, the site index of the Calliergon type, which is
easy to identify, is most strongly represented in fertility classes II and
IITI but also occurs in classes I and IV. This agrees in part with the con-
clusion of Linteau’* who stated:

"Site types and plants were found to be consistent throughout

this territory (Rowe's section B-1,%%) which covers more than

75 000 square miles. Supporting the same communities but lower

in productivity are a few isolated spots in the higher mountains

of Laurentide Park. That part situated east of Rocky River

(67° W. longitude) along the Gulf of St. Lawrence was also found

to be poorer. In both areas, the length of the growing season

is noticeably shorter than in the rest of the section.”
This would agree with the findings presented here. Also, the site types
as described by Lafond®® and Linteau’" generally occur throughout eastern
Canada, but at a different fertility level depending on the particular region.
In a later section (3-2) comparisons will be made of the site index estima-
tion of Linteau’" with that computed by multiple regression.

. |

1-3 DISTRIBUTION OF THE COVER OF SPECIES AND STRATA IN BLACK SPRUCE STANDS

AS RELATED TO SITE FERTILITY, SOIL MOISTURE REGIME AND COVER OF .THE
TREE STRATUM.

The study of the cover distribution of the strata and the species
will allow a description of the structure of black spruce stands. These
structures are shown in figures 3 and 4 by strata and by species groups as

related to site fertility, soil moisture regime and cover of tree stratum.

The mean percent of cover of the species groups and of the strata
was an arithmetic mean of the plot data. The data from the quadrat method

were used for the species groups (see Appendices III, ?II and VIII). The

mean dominance percent of selected species by fertility class, by moisture

r
r
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regime class and by percent of cover of the tree stratum is presented as

additional information (see Appendices IV, V, VI).

Having established the large varilation of fertility within a
given site type, a test was made to check the relationships between site
fertility and the dominance of species and speciles groups; Many trials with
respect to climatologic or vegetative norms (climax) were attempted by group-
ing the plots and comparing the mean site index by dominance class for vari-
ous species and species groups. This ﬁart of the study was carried out to
attain a better precision in applying statistical methods in the estimate
of site fertility. Conclusions of this section will be based on the data of

the total number of plots.

1-31 RESULTS AND DISCUSSION.

In studying the relationships beﬁween site fertility and domi-
nance of species and species groups, one region appears to differentiate it-
self from the rest of the study area. This region lies east of the 65° me-
ridian and will be called the Atlantic region. The area to the Qest will be
designated as the Continental region. It was found that site indices were
lower in the Atlantic region and as a result fertility class I was not found.

4

This general observation was also made by Linteau’", A more intensive study

of the Continental region would be expected to identify still other areas

whose vegetation - site fertility relationships were different.

The strata curves of figure 3 show the cover structure in pure
black spruce stands. At fertility classes I and II the tree cover is at its
maximum and the herb cover is nearly the same as the shrub cover. The black
spruce aséoéiations with herbs and hypnum or hypnum alone as described by

A

Linteau’" are located at these’ fertility classeé, at molsture regime 3 to 6

(mesic and subhydric classes), and at a tree cover of 61 to 100 percent.




- 17 -

Figure 4 shows the principal species composition from the curves
of species groups. Appendices IV, V and VI give additional data. The reader
must remember that groups X;, Xy and Xs composed principally of paper birch
(BEp), trembling aspen (POt), bunchberry (COc), twin-flower (LIb), wild sarsa-
parilla (ARn), large-leaved aster (ASmj, Schreber's moss (Cs) and plume moss
(Hc), are particularly important in these associations ;ven though groups Xi
and X4 are numerically small. At fertility class III and the neighbouring
part of class IV the shrub and moss strata assume more importance as opposed

to the herb stratum.

The black spruce association with mosses and dwarf shrubs of
Linteau’" is the principal community at a moisture clasé of subxeric (1, 2)
or subhydric (6, 7) and a tree cover class between 41 and 60 percent. The
ericaceous shrubs such as sheep laurel (KAa), swamp lau;el (KAp), leather
leaf (CHAc), Labrador tea (LEg) and Vaeeinium species (VA) of group X, and
Schreber's moss (Cs) of group Xs are representative of éhis association.
Depending on the soil moisture, KAa and VA seem to be more important on sub-
xeric sites where reindeer mosses (CLA) form a mosaic with Cs. However, LEg,
CHAc and KAp appear more often on subhydric sites with éatches of sphagnum

noss {SPH).

At fertility classes IV and V the shrub stratum is as important

as that of trees, and the herb stratum reaches another maximum at V. The

[

moss stratum appears to be slightly more dense at these classes of fertility

"

but particularly on liydric sites of moisture regime 7, % and 9. This condi-

tion applies also to the shrub and herb strata. The species composition of
1

the herb stratum in classes IV and V is different than in fertility classes

I and II even though the percentage of cover is similar.j In figure 4 snow-

berry (CHh), false solomon's seal (SMt), sedge (CA), small cranberry (VAo)
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and mountain cranberry (VAV) of group X3 are the most important species,

particularly on hydric sites.

The SPH species of group X¢ and the LEg, CHAc

and KAp species of group X, characterize more the hydric sites where the

sphagnum moss and dwarf shrub black spruce association of Linteau’* 1s found.

On the contrary, Cladonia (CLA) species of group X and KAa and VA of group

X2 are more representative of the xeric sites, with CHh as the principal

species of group Xs;, where the lichen and dwarf shrub black spruce associa-

tion is located. A summary table of these observations aﬁpears below.

Table 4.

Summary of the black spruce associations as.related to site fertil-

ity, moisture regime, tree cover and principal species groups.

Considered
factor

Black spruce association*

Herbs and
hypnum

Hypnum

Mosses and
dwarf shrubs

Lichens and
dwarf .shrubs

Sphagnum and
dwarf shrubs

Fertility class
Moisture regime

Cover of tree
stratum (7)

Principal species
species groups

II-TII

1,2

IIT-1IV

1,6,7

ITI-1V-V

0,1

IIT-1IV-V

* Sphagnum and herbs association has been omitted due to insufficient
samples for proper characterization.

With regard to the site fertility-species dominance (cover) re-

lationship, two distinct regions appear in our sampling:

the Atlantic and

Continental region respectively located to the east and west of the 65°

meridian.

With the strata and species groups cover and the dominance per-v

cent of the species it is possible to explain and situate the black spruce




- 19 - !
:
|
associations of Linteau’". . Species dominance for a fertility and

~ moisture regime class seems to have significance in characterizing

gite fertility.







UTILIZATION OF STATISTICAL ANALYSES IN
PHYTOSOCIOLOGICAL STUDIES OF FLORISTIC LISTS

2-1 INTRODUCTION.

In the preceding part a direct analysis was made of the species
groups and species alone by the distribution of the dominance for certain

site factors.

The use of correlation analysis between the species dominance
or of species dominance with site factors is another way to study the
floristic lists, in order to define some species groups‘characterizing cer-

i

tain ecologic conditioﬁs.

In the first part of this section the correlation coefficients
between the dominance of the species and certain site factors will be congi-
dered directly. _Thg second section will consider the iﬁdirect study of the
correlation coefficients., Linear correlation will be u%ed for comparative

purposes even though curvilinear relationships would sometimes be more nearly

. : !
correct. Only 35 of the 187 species identified were retained for this study
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because of the importance'of their dominance in the black spruce standsf

(See Appendix IX).

2-2 STUDY OF INTER-SPECIFIC'AND'SPECIES4SITE”FACTOR'RELRTIONSHIPSt

This study applies to the total study region, since the modifica-
tion of correlation coefficients occasioned by combining the Atlantic and

- Continental regions has. little importance at this stage.

One may consider the éorrelationrcéefficients as quantitative
entities to demonstrate whether or not a close relationshib exists between
two species or between sbecies and site factors., Also, it may be used in a
qualitative way. For example two species of which the dominance has the
same pattern with a given-factor will have nearly the same correlation

coefficient with this factor.

One way to compare the correlation coefficients is to represent
the species in a system of ordination* taking two frequent sﬁecies or two
factors for axes. The ordinates of the specles are the correlation coeffi-
cients‘of the species domiﬁance with each of the two variables defining the
axes. (See Figures 5, 6, 7, 8 and Abpendix IX). 1In this way thé species
having a similar pattern, with respect to the ordinates, will appear togéther
in the same part of the graph. Afterwards, it may be possible to identify

the ecologic significance of this grouping.

After a close study of four particular ordinationé it appears
that each of these suppiy additional and comﬁlementary informationf This
permits the formation of species groups frem the correlation coefficient
matrix (Appendix IX). These ordinations are defined as follows by their

correlation coefficient axes identification: Site index and cover of tree

* Ordination is used here as a coordinate system.
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stratum (Figure 5), site index and moisture regime (Figure 6), dominance of
Calliergon schreberi and Sphagnum &pp. (Figure 7) andjdominance of Cladonia

spp. and that of Sphagmum spp. (Figure 8).

2-21 RESULTS AND DISCUSSION.

a) The spacial ordination of the species relative to the
correlation coefficient of their dominance with site index and that with
the cover of tree stratum (Figure 5) reveals that the dominance of Vacei-
nium spp. (VA), Kalmia angustifolia (KAa), Ledum groenlandicum (LEg) and
Cladonia spp. (CLA) is more dependent on the opening in tree cover than on
site index, whereas the dominance of Hypnum erista-castrensis (He) and

Hylocomium proliferum (HYp) depends on the closure of the tree cover.

The site index and cover of the tree stratum (Appendix IX) are
moderately well correlated (r = 0.55). This means that on fertile sites
one would find black spruce stands with higher than éverage density. If the
dominance of species is correlated significantly with only one of these two
factors then a doubtful or spurious relationshib would be suspected. For
example COPg and ROa dominance is significantly corrélated with site index
but not with tree cover. This indicates that specieé dominance can be
important on fertile sites but not necessarily in high density stands.
Therefore, the dominance of. these species seems to be depressed by a dense
tree cover or by some other factor. Using this‘principle two groupings of
species can be formed with a dominance having a significant correlation coef-
ficient (r _ 0. 16) with site index and tree cover (pI— 0.05). The first

grouping, correlated positively, is composed of the following species listed

by strata:

Tree stratum o BEp, POt




Shrub stratum S0a, DI1, VIp
Herb stratum ¢ COc, TRb, MAc, LIb, ARn, ASm, PTa, MIn, PEp

Moss stratum Cs, He, Du.

The second grouping, correlated negativel&, is composed of the
following species listed by strata:

Shrub stratum ¢ CHAe, Kap, LEg, KAa

Herb stratum : VAo, CHh, SMt, CcA

Moss stratum : SPH, CLA.

The ordinations of Figures 6, 7 and 8 give even more information

on the species grouping. For example, when it occurs that the dominances of

two separate species are correlated Positively it means that the degree of
cover of one of the specles increases while the other species increases also.
However, they must occur on the same sites. If two species never occur to-
gether, the relationship between their respective dominance will not exist.
If the relationship is negative We suspect an antagonistic asgociation. This
means that the strong dominance of a given species would suggest a suppres-
sion in the dominance of the other and consequently these species character-
ize some opposite or different sites where their cover will be naximum. A
positive relation means that the dominance of two species increases in par-
allel while they occupy the same sites characterized by them, this could be
called an attractive association., A low positive correlation between two

species is interpreted as a mediocre degree of associlation,

The species, Calliergon schrebers (Cs), Sphagrum 8pp. (SPH) and
Cladonia spp. (CLA) represent three basic elements of the five great black
Spruce assoclations as defined by Linteau’". The ordination of the species

relative to Cs, SPH and CLA suggests some groupings of species which are
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characteristic of certain moisture regime classes and black spruce associa-

tions of Linteau’”

. A careful study of Figures 6, 7 ;nd 8 reveals that the
level of significance of the correlation -of the coefficient (p = 0.05), is
not necessarily the only base on whicﬁ to select séecies grouéings. The
proximity of certain sﬁecies in the ordination seems'to have value for this
purpose in combination with the dominance distributioﬁ according to site
fertility and moisture regime (Appendix V and VI) and to some characteristics
specles such as Cs, SPH and CLA. In Figure 6, many séecies lack significant
correlation coefficients with moisture regime. This is explained by the

fact that these species have a maximum dominance at moisture regime 2, 3 and
4 or have two maxima, one at moisture regime 0 and 1 and another at moisture
regime 7, 8 and 9. These cases represent a curvilinear relationship which
can be partly corrected by replacing the moisture regime by Sphagnum spp.

as is seen in Figure 7. Now there is additional and comﬁlementary information

which results from three ordinations of Figures 6, 7 and 8. Four prineipal

groupings are distinguished from these graphs:

The first grouping is composed of species:with a high dominance
on fresh (mesic) sites where the black spruce associations with "mosses and
herbs" or "mosses alone" of fertility class I and II are located. These
species are:

Tree stratum "¢ BEP, POt

Shrub stratum : DI1, SOa, ROa, VIp

Herb stratum :+ LIb, COc, MAc, ARn, TRﬂ

Moss stratum ¢ Cs, He, Du (HYp).

As is seen by its correlation coefficient with site index, Hylo-
I -

comium proliferum (HYp) seems to be an indicator of a lower fertility site

(class III and IV).
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The second groﬁping is éombosed of séecieﬂ with ; ﬁiéh dominance
on dry (xeric) sites where the black spruce associations with l;cpeqs“andl
dwarf shrubs of fertility class IV and V are located. These sﬁecies are:

" Shrub stratum : VA, KAa .

Herb stratum : VAv

Moss stratum :  CLA,

By their correlation coefficient with moisture regime and Spha-
gnum 8pp., the Va, KAa and VAv have a high dominance on wet sites (See Appen~
dix VI) but it appears by their greater correlation with CLA they are more

closely related to dry sites.

The third grouping is composed of sﬁecies wifh a high dominance
on wet (hydric) sites where the black séruce associations with Sphagmm spp.
and dwarf shrubs of fertility class IV and V are located. These sﬁe;ies are:

Shrub stratum : LEg, Kip, CHAc |

Herb strayum : VAo, CA, SMt, CHh

Moss stratum ~ : SPH.

Species such as LEg, CA and CHh have a high dominance on dry
sites but the importanée of the dominance appears to be higher still on

wet sites.

The fourth grouping can be considered as undefined preference
species. The dominance of these species may be high on two extreme site
moisture classes or may'be characteristic of‘subhydric ér subxeric gites
together with black spruce associations of "mosses and dwarf shrubs". From

these ordinations, it was impossible to further characterize them. The

species of this grouping are: .

——————— e . =
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Shrub stratum : VIe, ALr }

Herb stratum : ASm, PEp, PTa, MIn, CLIb,' COPg.

2-22 CONCLUSION. '

Using some indicator sﬁecies and site factors to define a coor-
dinate system in which the species are ordinated according to their correla-
tion coe?ﬁicient with the axes, defined, it apﬁears possible to form species
groupings having an ecological and phytosociological significanceT More-
over, the position of the sbecies in the ordinations canjbe explained provided
the proper site factors and indicator species have been éelected and the
relationship between the graphs are understood. For black sbruce stands,
site index, moistiure regime, cover of the.tree stratum, and some basic species
such as Calliergon schreberi, Sphagrum spp. and Cladbniajspp. have given

good results,

The dominance of certain species such as Vaceinium spp. and Kql-
mia angustifolia in particular, is markedly influenced by the cover of the
tree stratum.<Under this condition the estimation of site fertility by specieé

composition or species dominance may give a wrong answer if the tree cover

has been disturbed for one reason or another.

2-3 PRINCIPAL COMPONENT ANALYSIS.

2-31 METHOD.
It is necessary to mention only a few points on principal com-
ponent analysis to situate and specify the techniques that have been used.
I .

The reader is referred to the different publicationsza’"?’79’57’”’Bg men-—

tioned in the bibliography to obtain more details.

The objecti&e of the principal component method is to analyse

the relation between "M" observed variables trying to explain these by a




number of K independent variables named components and "M" independent
variables named vectors. We have the following mathematical model with four

observed variables: M = 4, X=16.

Vectors Y, Y3
Variance A Az

Components Ay As

J J

X, A2 Ary
Observed X2 p Azo . Ayo

Variables Xs A Azs ' Ays

. Xy Ay Azy . . Any

Where vector Y1 = A1y X1 + A1a X2 + Ars X3 + A1y Xy and the va-

riance of YY) is A; = A112 + A122 + Alaz + .A],q?'.

The variance of ¥; can be evaluated relative to the total

100 As
(A +.)\2 + Az + Au)‘

variance of all the Qectqrs: M7 =

The A Z is fbe information given by the vector Y; énﬁ its cqmﬁo-
nents relative to the other vectors. The comﬁonenté and the square root of
-the variance of a given vector can be multiplied to obtain a loading compo-
nent , so this permits the assignment of a relative importance to the
component vectors‘according to their variance, The>$rder of length of the
vector will be proportionnal to the square root of the variance in such a
way that variation of Y: will be higher than that of Yp-and Y higher than

the variation of ¥s3, etc.
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Another way to treat the component matrix i# to apply the
|
"Varimax rotation'. This method has been tried in thisfinvestigation but
the results were no better than with the "loading compoﬁents". (See Appen-

dix XI).

Two particular variables are of interest injthis model: The
vectors and the components. The vectors are synthetic variables obtained
from the observed variables and their components (Y; = A11X1 + A;oXp +
A13X3 ...). If the observed variables are the sﬁecies &ominance, then each
floristie list coiresponding to the sample plots or forést types has vector
values which can be used as ordinates in axes systems defined by the vectors.
In this way it is possible_to represent the forest types of plots in a
vectorial ordination. Also, the comﬁonents Alj, Azj, Aaj ... can be consid-
ered as the ordinate of the species in an area system where the species may
be represented. The component ordination is a way to compare the species

to see if there is a grouping of species which have similar characteristics.

There remains, yet, the choice of components and vectors to use
as an ordinate. With an increase in the number of var£ables in the matrix
the variance of the vector and the total variance will ﬁe higher. This
occurs because the variance of the vector is equal to the addition of the
square of the components of the observed variables (A1.= A}, + A%, + Afs L),
The component corresponds to the variance of the variable for which it is

responsible in the vector. The higher the component,‘the greater the

{
observed variable is explanatory. This is not to say that a small component

does not contribute significantly to a considered vector. For example, if
|

. |
a floristic list has only a few species, but a particular species is very

important with regard to its dominance, then, it may have a small loading in

|
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the Y3 aﬁd Y2 vectors. fhis species would apﬁear to contribute little by'
its component, relative to the other sﬁecies, but becomes descriptive of a
floristic unit and allows its location to be determined 'in vectorial space
relative to any other units. For this particular reason it would appear
that a speciesmust be regardéd not only according to its combonent in the
 vector but, also, according to its significance in the floriétic community
being studied. This observation is important because (1) in all statistical
analyses by computer the number of permissible variables is limited and (2)
the interﬁretation of the results is easier when the number of observed
species is small. It is with this in mind that we have chosen the species
in this report having the advantage of guidance by previocus findings. (Lin-

teau’", Lafond®?).

Generally the first three coﬁponents and vectors accounted for
50 percent or more of the total variance. The information received was a
large part of the information sought; barticularly in the seﬁaration of the
principal species groupipgs which cﬁaracterize moisture regime and site
fertility of the sample plots. In addition, in the analysis on the 28
species which were selecfed, the qu component and Y, vector contributed

additional information from the phytosociologicai view (Figure 11) and to-

gether with the other ordinations suggest a method of floristic classifica-

tion.

Because of the computer capacity, only 28 species were used in
the principal component analysis (See Appendix XI). The choice of the spe-
cies was based on (1) their high correlation coefficients with site index
and between themselves, and (2) their importance in the black spruce asso-

clations as observed in previous studies of Linteau’" and Lafond®®. Black




- 31 -

spruce was not included in the analysis because its site ferfility classi-
fication was the subject of the study and therefore w;s considered as a
dependent variable. The species grouﬁs (X -~-- Xg) were used in principal
component analysis to study the effect of the groubiné on the ordination

of the species and site tyﬁes and to see. what valueithéy may have for site

fertility classification (See Apbendix XII).

2-32 RESULTS AND DISCUSSION.

2-321 Component ordinations.

(a) According to the 28 sﬁecies analysis the following species
groupings listed by strata were observed: (See Figures 9, 10 and 11, and
Appendix XI).

- Hydrophytic grouping 1 (CHAc, LEg, KAp)

- (CHh, CA’ SMt,' VAO)
(SPH)

- Mesophytic grouping 2 (BEp, POL)
(Cs, He)

grouping 3 (SOa, DIl)‘
(COc, LIb, MAc, TRb, ARn)

grouping 4 (ASm, MIn, PEp)
grouping 5 (HYp, Du)

- Xerophytic grouping 6 (VA, Ka)

(VAV)
(CLA) .

The species groupings defined by the compbnent analysis were the
same as those isolated by the correlation coefficients but showed better pre-
cision according to the moisture class. This result ié logical since the
component analysis was done on the matrix of intersﬁecific relationshipé but
considering it as a whole in such a way as to extract éhe maxiﬁum iﬁformation

- |
of the different species. !

|
|
|
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Calliergon schreberi and Hy?num crista-castrensis constitute one
distributional ﬁole and Sphagnum sﬁp{ and Cladonia sfp{ constitute the other
poles of the species in the ordination (Figures 9, 10, 11)f This confirms
what was found when considering only the correlation coefficients (Figures
5, 6). Moreover, a component analysis on the species divided by strata
showed the same position of these species in ordination as was discussed
above. This supports the theory that stable statistical information is
available from these four species and for which the preéence of other species
does not affect the location in the ordination. Consequently, these four
species could be the basic eleménts of some biaék spruce associations or
ecologic units: The Calliergon schreberi and Hypnum crista-castrensis

characterizing the mesophytic ecologic units where their dominafnce is op timum,

the Sphagmum could be typical of the hydrophytic units and finally Cladomia

could be-the Base element of xerophytic units. The other specles would be
attached to these basic eléments depending on their dominance. But, every-
thing is in a dynamic equilibrium such that there is a certain continuity
in the dominance distribution of a specles with an optimum for one given
ecologic unit. Then, between these three poles the speéies distribution can
be explained by their dominance behaviour in regard to these four species.
Considering the third dimension Aaj and by representing the species in the
space difined by A1j, Azj and Aaj (Figures 9 and 10) we find that Dicraum
undulatun (Du) is located between Calliergon schreberi (Cs) and Cladonia
(CLA). This intermediate pésition results from the fact that Du is very
often associated with CLA on the dry sites and with Cs on the fresh sites.
Hylocomium proliferum (HYp), 6pposite to Du in the third dimension (Figure
10) and located near Hypnum erista-castrensis reflects the common occurance
of these sbecies in the Hyénum - Hylocomium association. The grouping (ASm,

PEp, MIn) is located between Cs and SPH and which verified its association
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with Cs on the rich sites and with SPH on the poor sites such as the Spha-
gnum-Petasites site type. The species such as Betula papyrifera, Populus

tremuloides, Hypnum crista-castrensis, Sorbus americana, Cornus canadensis,
Linnaea borealis, Maianthemum canadense, Trientalis borealis, Diervilla lo-
nicera and Arglia nudicaulis characterize to a greater extent, the fresh

(mesic) sites but for which the dominance may be quite high on moist (sub-
hydric) sites where their position between Cs and SPH is opposite to Du in

the second dimension.

The results from the 28 species component énalysis are, in gen-
eral, in agreement with the species groups (Figure 12 and Appendix XII).
Here also the moss and lichen groups define the poles from which the other

groups are located.

Certain groups which are composed of speciés with a different
ecological significance, tended to modify the relative position of other
species. FPor example the presence of Asier macrophyllﬁs, Petasites palmatus
and Mitella nuda in group X, modifies the position of Cornus ecanadensts,

Linnaea borealis and Aralia nudicaulis relative to Calliergon schreberi.

We must not forget that these groups have been constituted for the purpose

of a better characterization of the fertility class or to improve the domi-
nance and fertility relationship. This objective was achieved since the
grouping of species, with a low presence and dominance together with other
species having a higher importance, tend to mask the first species and modify
its position in component space. A typical example is the (SPH, CLA, HYp)
group. If Hylocomium proliferum (HYp) were grouped with Calliergon schreberi,
Hyprum erista-castrensis and Dicranum undulatum, the Hépnum-HyZocomium site

|

type would be located in the same portion of the vectorial ordination as the

i
Calliergon and the Calliergon-Vaccinium type which has been observed to have
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a higher fertility than the Hypﬁum-Hyloaomium type. By this grouping we

attribute a negative sign to HYﬁ and this disﬁlaces the Hypnum-Hylocomium
type in the vectorial ordination bringing a better order in the fertility
classification. The reader will see further that this method also permits

the differentiation of the site types used.

The variances of component analysis of the species groups were
generally less than those of the analysis on 28 species for the respective
vectors or for the total. But the components of the groups (observed vari-

ables) are, on the average, higher than of the species alone.

The percent variance of the components A1j and Azj accounts for
a larger part of the total variance. In these components the information
contributed by the species group is greater and is easier to explain inside
a vector or in an ordination. The percent of variance better indicates the
amount of a vector's information, within a certain limit, than does variance
alone. The group has the effect of concentrating the species information
under only one componeﬁtﬁ This reduces the number of components per unit
vector, permitting the accumulation of greater variance for the first two or
three vectors and gives a different significance and importance to certain

species of the group.

2-322 Vectorial ordinations.

The results obtained may be studied in two ways: (1) Not knowing
the phytosociologic units sampled-an attempt may be made to group similar
floristic lists trying to define the associations of groupings. (2) If the

phytosociologic units are known and defined as, for example, the principle

i 4

site types of Linteau’*, Lafond®® and Damman®®, then these may be situated

relative to the associations and sub-associations. In this last case each
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floristic list may be identified and an attemﬁt made to determine, graphi—
cally, the area occupied by an association or sub—associatién or by a given
site type. In this study, because of an insufficient number of sample
plots for the large territory studied, the second method above appears to
be better than the first assuming that a true identification of the site

types has been made.

The reader must take into consideration the following points
in the interpretation of the results: (1) The sampling has been done over
a 5 year period. This introduces a possible error associatéd with the length
of the study period since the dominance estimation from one;year to another
may vary somewhat. However, this error is, in part, self correcting in the
case of the vectorial functions and the multiple regressions by its random
presence in each of the observed variables of the same sample plots. (2)
7 The site types have been identified to the best of our knowledge and ex—
perience. But this is relative, and if we use the same basic criteria for
identification, there is the probability that similar site types will be

given the same name and be near one another in vectorial space.

The site type ordination from the Yi, Ya, Yajand Y, vectors
according to the component analysis on the 28 species are shown in Figures 13,
14 and 15, From these ordinations using the associations as defined by
Linteau’", and Lafond®®, it was possible to group the different site types

under the following communities:

Association Site type

1.. Black spruce and balsam fir: |

a) with moss : H-HY




Black sﬁruce'élone :

a) with herbs 4 Hyprum moss: C-Co, C-PE

| b) with Hypnwn moss : C,.C—ﬁA '

c¢) with moss dwarf shrubs: KA-C, LE-C, KA-LE, C-SPH

d) with Sphagrum dwarf shrubs: SPH-LE, LE-RU, LE-CHA, SPH-AL

e) with Sphagnum herbs : SPH-CA, SPH-PE

£) with Cladonia  dwarf shrubs: KA-VA, CLA-VA, CLA-LE, CLA-Ka

CLA-EM.

The Y, and Y2 vectors of Figure 13 seﬁarate the‘black spruce
associations very well witﬁ: Hypnum and herbs in the "A" area, moss and
dwarf shrubs in the "C" area, Cladonia and dwarf shrubs in the "D" area and
finally Sphagrum and dwarf shrubs in the "E" area. In the "B" area there
are two asgociations, which do not differentiate themselves, They are black
spruce with mosses and black spruce with Hypnum alone. But these two are
isolated in the Y) versus Y3 ordination (Figure 4), where the site types
of these associations occupy some distinguishable érea such as the Calliergon
. and Calliergon-Vaceinium in B and C areas respectively, while Hypram-Hy Lloco-

miun type is in the D area.
The Y: versus Y, ordination (Figure 15) gives the same informa-
tion as Y1 versus Y, but the black spruce association with Sphagnum and herbs

identified by SPH-CA and SPH-PE seems to allow a better differentiation than

in the other ordination.

These three ordinations allow the differentiation of some black

spruce assoclations or communities only by the floristic factors but it is

probable that the addition of site characteristics would bring even better

precision. We see that it is better to use a combination of ordination
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(Y1, Y2, Y, x Y3, Y1 x Yy) to get the best separatidn of both the associa-

tions and the site types.

From the practical standﬁoint, vectorial ordination could be a
very valuable instrument or technique for ecologic or ﬁhy#osociologic class-
sification of the forest. If for a given region a complete vectorial ordina-
tion of the existing associations or ecologic groups is made by a specialist,
it would be easier for a technician to use this kind of graph for classifica-
tion. Knowing which site and floristic factors to measur;, and by computing
the ordinates (Y1, Y2, Y3) of each plot with the vectoriél functions, a
technician could establish in which floristic association area of the graph
his plot is located and Fherefore would be able to assigﬁ the correct name.

Similarly, vectorial ordination may be used for site fertility classification.

This point will be discussed in Part 3.

The site type ordinations according to the six species groups
(X1, X2, X3, Xy, X5 and Xg) are shown in Figure 16. Some other combinations

of groups have been tested but without receiving additional information.
i
Because of the grouping of the species, the black spruce associa-

tions and site types are less well differentiated than with the individual

species. However a certain tendency toward differentiation can be detected.

The Y; and Y3 ordinations have been tried according to the load-

ing factors, but nothing more was gained than with 1 and Y2.

|
i

With regard to site fertility the lack of differentiation of

certain associations reflects the observations in the field. For example :

the Sphagnum-dwarf shrub and Cladonia-dwarf shrub associations have a similar
\

fertility as is found generally in class IV. Then, the objective sought by
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the species groups is attained by putting together, in the same area of the
graph, the associations or site types having a similar class fertility,
and thereby minimizing the work level of statistical analysis and sampling

because of a fewer number of variables to measure.

The number of samble plots is not sufficient to allow a better
vectorial distribution of the associations. Some trials have been done with
the percent of covering of the sﬁecies grouﬁs obtained by the quadrat method.
It was found that the distribution of the association and site types of
black sbruce was somewhat better than with the graphs constructed by using
the dominance of the grouﬁs. However, the additional work needed in the
field does not seem to be justified. But, from that result it would appear
that a more refined scale of dominance, particularly in the low qlass (6, 1

and 2} and especially for groups X1, X3 and Xy, would be more precise.

From the same component analysis a close relationship was ob-
served between the ordination of the sﬁecies or groubs of Species.in the
component ordination and the location of the associations or gite types
in the vectorial ordination. It would appear possible, by the component
ordination, to pfedict and explain the distribution of the floristic communi-
ties in the vectorial ordinations and, indirectly, to predict the distribu-
tion of the fertility classes. . In this regard it is possible to identify

and take away the species or groups of species which decrease the clarity

of the fertility class distributions.

2-33 CONCLUSION.,
A close relationship was found between the correlation coefficient
ordinations and the component ordinations. But the latter appear to be more

precise in the distinction of the species grouping, than the former.
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Moreover, *it seemSaﬁossible to exﬁlain the relative 1ocation of the species
- in the ordination by its dominance importance in the blaék sprﬁce site ty-
pes or associations. The moss sﬁeciesvCaZZiergon'schreberi, Hyprum crista-
castrensis, Sphaynum,spp{, Cladonia spp. bring stable statistical information

and may be considered as distributional poles for other species. .. -

The species groups modified the relative position of the individ-
ual species and, as a result, may contribute to a different distribution of
the: site types in vectorial ordination which may be more convenient to site

fertility classification.

1







PART 3

UTILIZATION OF PRINCIPAL COMPONENT AND MULTIPLE REGRESSION ANALYSIS OF
FLORISTIC FACTORS TO DETERMINE SITE FERTILITY ‘

3-1 CLASSIFICATION OF SITE FERTILITY BY PRINCIPAL COMPONENT ANALYSIS.

Vectorial ordination appears to be a possible way of classifying
the black spruce associations and alse the site types. If there is a re-
lationship between site fertility and the floristic or ecologic units then

it is possible to use vectorial ordination for site fertility estimation.

In Part I a notable difference was shown in:the fertility of the
Continental and Atlantic regions. This means that the éame phytosociologic
group in these two regions may correspond to a different level of black
spruce fertility on an absolute scale, but comparable in a relative scale
within the same region. Such being the case, in this section the Continental
region alone will be considered in order to work with a‘homogeneous population.
In the presentation which follows, maximum statistical ﬁrecision with a min-

imum of observed variables will be sought. In this regard the component

analysis on correlation coefficients between species was not as good as those
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between species groups. Many trials were made with various numbers of species
and the results show a fertility gradient in the ordinations but not as

clearly as the trials with species groups.

The fertility classes are represented in the following manner in

the ordinations (Figures 17, 18 and 19):

Fertility class Site index class Class symbol
" B " dn feet B

45
35
25
15
2.5

3-11 RESULTS AND DISCUSSION.

Figures 17 and 18 show the fertility class distribution of the
Continental region. The fertility gradient from the upper part to the lower
part of the graph is very noticeable but a sector type distribution is
indicated. The sector of each fertility class has been delineated by joining

the outermost data with straight lines.

Unfortunately there were only 50 sample plots for the Continental
region in the case of species groups. Figure 17 shows the fertility class

distribution according to all of the 6 available species groups and Figure

18 shows the 5 principal groups with regard to the black spruce associations.

The results optained are of value particularly if we take into
account the vector Y3, that is, the third dimension. With modest effort,
the reader may see the fertility class distribution in three dimensions where
the concentfic nature of the surfaces or the spaces occubied by the different

classes may be noted. Due to the limited number of sample plots (50), it is
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impossible to arrive at a final conclusion regarding site index. However,
it appears that the component analysis of "species groups" promises more

|
precise results in the segregation of fertility classes than has been re-

ported elsewhere, particularly if certain site factors are added to the

analysis.

An additional trial with 4 sﬁecies groups (X1, X2, Xy and Xs),
which comprised 26 species, was completed with encouraéing results., If the
number of species abpears to be high, it must not be fbrgotten that for a
trained technician the dominance estimation for one gréup is made very rapid-
ly, since, the specles composing each group belong genérally to the same
stratum (except for group Xi). This estimation is particularly easy in cer-
tain strata where the sociologic structure of plant coﬁmunities is made up
of tufts, or colonies, and the species of the same groub occupy a given area

near one another.

The X; is of interest in bringing togethericertain tree species
like Betula papyrifera, Populus tremuloides, Populus bélsamiféra, and Betula
luteq and perhaps certain small tree species such as Prunus pensylvanica,
Acer spicatum and Acer pensylvanicum depending of the region studied. For
certain groups such as Xj;, X3 and X, for which the dominance range was low
(from 0 to 3 generally), there may be advantages to refining the scale of

dominance especially in the lesser classes of cover (0 to 5%, 5 to 20%).

The trials with "varimax" vectors did not bring about any impor-
tant improvement of the fertility class distribution, but only resulted in

clearer separation of the classes especially with vector Y3. This may become

very valuable in practice because rather than work in three dimensions we

: !
might, by the combination of the two planes Y, versus Y, and Y, versus Y,

|




- 44 -

classify the sample plots, when the area occupied by the fertility class

has been well determined.

Figure 19 presents the fertility class distribution of the Atlan-
tic region combared to the Continental region, as obtained from the component
analysis of the dominance relationshiﬁ between the 28 species on the total
region. The restricted number of sample élots (25) of the Atlantic regidn
precludes any definative component analysis, We can observe, however, a
displacement of the fertility class in Figure 19 and this was the same with
the species groups. Therefore there is the possibility of using the inter-
specific relationships of the dominance for the total region to classify site
fertility. However, it would appear that the ordination should be done only
with a region or area in which a homogeneous population (according to the
relation of floristic dominance versus site index) is present. These last
relationships must have similar correlation coefficients with the dominance
of the speciés studied but may be at a different level of general fertility

for some given regionms.

3-12 CONCLUSION.
With component analysis it seems possible to construct some graph-
ical identification keys of the site types or other phyto-ecologic units.
It is also possible to constructlfertility key in these same units. One
advantage to this is the use of the same data to establish the two kinds of
keys. These keys would allow a rapid and easy classification of plots or
sites by technical ﬁersonnel using vectorial functions to calculate the coor—v

dinates of the given units and thereby locate their position in the graphs.

Species groups appear to be efficient for fertility classification

in vectorial ordination. A more precise dominance scale, particularly in the
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lower class, will probably.imﬁrove the ordination. The addition of site
factors, the closer study of the information contributed by the species
according to site fertility and the regional aﬁplication of the ordination
will certainly give rise to a more precise distribution of the fertility

classes.

3-2 UTILIZATION OF MULTIPLE REGRESSION TO EVALUATE SITE WITH THE FLORISTIC
FACTORS.

Multiple regressions are a practical and easy way to use vegeta-
tional factors for fertility ﬁrediction. However, they afe sometimes diffi-
cult to interpret and have restricted apblication in ghe biologic sciences.
This 1is because therobserved variables are frequently‘inter—dependent and

therefore highly correlated among themselves.

The method used here is that of step-wise‘multiple regression,
using linear and curvilinear relationships.  As this technique of analysis
is well known, it is not necessary to explain it here but only to emphasize
the details as they apply to this study. The basic steps of these analyses

are as follows:

1-.  Because of the difference in fertility between the Continen-
tal and Atlantic regions, the regionél regressions were com-

puted separately.

|
2-. With the species alone and with the species groups having

an estimated dominance, a search was made for the best mul-

tiple regression equation for site index prediction.

"3-. The Continental region, from the floristic inventory, com-

prised two geologic-climatic areas: (a) Granitic soils and

(b) Clay soils. A check was made as to the possible
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improvement in the precision of the multiple regression
relationship established with the species groups, for each

of these soll areas as well as for the Atlantic region.

Finally, by the soil classification based on the mechanical
analysis of the blots and by the plot moisture regime, a
residual error analysis was made (observed site index minus
combuted site index) to check the influence of these two
site factors on the regression ﬁrecision. No relationship

was evident.

3-21" 'RESULTS AND DISCUSSION.

In the study of the results we must take into consideration the
following points: (1) within a samble plot, measuring the height of 5 domi-
nant and 5 codominant black spruce to *1 foot and taking the respective stump
age, the mean site index at 50 years may be estimated to *1 foot of standard

error and with a plot standard deviation of #4 feet. Therefore, we cannot

expect greater precision than this in using floristic factors to predict site

index. (2) The multiple regressions of the geologic-climatic region have
only a limited predictive value because of the restricted number of observa-
tions. TFor these same reasons we have not used the curvilinear relationship
in the case of the Atlantic region. Only the selected variables over ali the
Continental regions have been used in multiple regression analysis of respec-

tive geologic-climatic regions.
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3-211 Results from species (Continental region).

(1) S.I. = 38.72 + 3.37 BEp - 2.47 CHAc - 0.73 LEg - 2.94 Hip -

1.84 SPH - 3.30 CLA + 1.75 COc + 5.47 TRb.

n : Number of observations: 100
s . Standard deviation of S.I. : #11.43 feet
Sy .X : Sample standard deviation about regress:nn in

feet:. *6.63 feet

R? . Coefficient of determination: 0.69
F of TRb : The F value of the last variable introduced in
the regression 8.92 (significant at 99 percent).

3-212 Results from species groups (see section 0-443)

(a) Continental region.

n = 50, s = 10.1 feet

(2) S.I. = 35.40 + 6.23 X1 - 2.80 Xe

SY.X = + 5.63 ft., R*> = 0.70, F of Xs=18.96

(3) S.I. = 32.56 + 5.54 X3 — 2.43 Xe +2.00 Xu

SY.X = #5.42 ft., R? = 0.73, F Of‘Xq = 4.77

(4) S.I. = 29.50 + 5.63 X1 — 2.13 X + 5.34 Xy~ 0.81 X%

SY.X = +5.33 ft., R> = 0.74, F of X% = 2.69 (non
significant)

(5) S.I. = 37.00 + 5.12 X1 - 3.01 X + 5.34 Xy - 0.81 Xi -
1.05 Xs ‘

SY.X = 5.28 ft., R? = 0.75, F of X5 = 1.69 (non

significant).

(b) Continental granitic soils region.

|

n = 25, s = 19.62 feet |

'

(6) S.I.

31.55 + 7.53 X4 - 1.76 Xs

sy.x _ +4.47 ft., R? = 0.80, F of X; = 6.20




) - "Continental ¢lay soil régions

= 25 § = £10.75 féet

33,80 + 4.85 X; = 3.48 K¢ + 3:72 X

£5.97 £&., B2 £ 0.73, F of Xy = 5.63

) - Atlantic pranitic soils ¥egion.

55, & = #i0.59 feet

9,31 + 5:97 %; = 7.48 X5 - 2:63 Kz

£6:00 £t., K2 = 0.63, F of Xy = 7.65

The miltiple regressichis éstablished With the speciés groups are

clearly sdﬁéfibf'to those with the species taken individually. This is
explained by the following observations: (a) The groups indicate & certain
continuity in the relation site index versus the dominance of the species
which compose it and the ¢orrelation coefficients of the groups are somewhat
highet than those of tlie species used., The groups include the species having
a similatr relationship with site index and may have éither an identical or
different ecology. In this way the groups take into account many sites and
also the cﬁmpetition between species of the same ecology, reducing, at the
same time, the number of variabies in the regression. (b) The estimation of
the group dominance is more precise because the specles forming it beélong
generally to the éame stratum and the sociability of them in the black spruce
domaine is frequently by tufts or colonies. Thus, the estimation error is
relatively small since the estimate is made collectively and the numerical

value of the cover percent is large.
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It should be noted that BEp, CHAc, LEg, SPH, HYp, and COc are
included in groups X1, X2, Xs and Xy and these species and groups were
selected independently by the computer because of their high association with

S5.1. and were therefore used to compute the best multiple'regressions.

It is probable that with groups X1, X3 and Xyan improved preci-
sion could have been obtained if a refined dominance scale had been used for
the low classes of the scale. These groups generally had a small variation

in dominance (0 to 3) throughout the study area.

Group X3 seems to have had particular importaﬁce within the
Atlantic region. It shoul@ be noted that this group is fér from being
perfect in species composition. Clintonia borealis (CLIb) and Equisetum spp.
(EQ) in our opinion must be excluded from this group and replaced by Epigaea

repens (EPGr) and Gaultheria procumbens (GAp).

In the final report of this series it is hoped that the inclusion
of other site factors to the multiple regression will improve the precision
of estimating site index. For this reason, equations 4 and 5 have been

retained for possible use in later studies.

From the favourable results obtained by geoloéic—climatic regions
it is expected that the multiple regressions here included might be markedly

improved upon application to smaller areas.

With Figure 20 and as indicated by the R? of the regressions
with groups approximately 75 percent of the plots are within one standard

error and 96 percent within 2 standard errors of the predicted value for

site index.
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The standard errors of the regressions (2) and (5) vary between
5.3 and 5.6 feet which corresponds to a little more than one-half of the
interval of a fertility class. For this reason it 1s reasonably certain

that a particular estimate will fall within the correct fertility class.

A coméarison of site index brediction obtained from Linteau's
site type and from multible regreésion number 3 1s shown in Table 5.
Because the site type description of Linteau was done over the region of
Section B~1 of Rowe®® the mean deviation and bias with regard to that region
and fbr all the Continental reglon was coméuted. Only the site types
described by Linteau were included in the comparisoﬁ. It would appear that
no significant bias in the average site index occured by either method of
comﬁarison. This would indicate that the sgite tyﬁes of Linteau’" are
applicable outside of Section B-1l. However, the average deviation both with-
in and outside Section B~l were smaller for the multiple regression method
than for Linteau's gite tyées. This Iincreased ﬁrecision undoubtedly occurs
because site type transitions can be‘identified byrmultiﬁle regression and
not by Linteau's classifica£ion. Also, this precision of multiple regression
would be expected to be even better if the prediction equation were more

restricted as to a particular region.

3-22 CONCLUSION.

The multiple regression equations with the vegetative factors
appear to be useful for site index prediction and site fertility classifica-
tion. The sbecies grdupé aﬁpear to be more precise than the individual
sﬁecies. In addition a more refined dominance scale in the lower classeé,
modification of the species comﬁosition of the grouﬁs as ﬁroﬁosed in the

discussion and the use of regional studies will certainly improve prediction

precision, Moreover, the use of certain site factors may be of benefit.




It would appear that the site types of Linteau are applicable

to a large part of the eastern Boreal Forest. However, the multiple regres-

sion appears to be more precise for site index prediction than the site

types.




- 52 ~

Table 5. Comparisons of observed site index with the predicted
" site index by Linteau's site types and by multiple
regression.
Predicted D Predicted D
Sitg | S.I. from S5.I. - from
Plot Observed type of Linteau]Linteau Multiple |regression
No. S.I. Linteau Ft. obs-pred | regression| obs-pred
) Ft. Ft. Ft.
Continental Region, Section B-1 of Quebec
113 31.5 ' C 37.1 - 5,6 37.7 - 6,2
114 39.3 C 37.1 2,2 37.7 1.6
115 40.1 C 37.1 3.0 37.7 2.4
116 19.9 CLA-LE 29.0 - 9.1 20.4 - 0,5
117 21,1 SPH~LE 19,4 1.7 18.0 3.1
118 46.0 Cc=-COo 38.7 7.3 45,2 0.8
119 31.6 c 37.1 - 5.5 35.2 - 3.6
121 27.6 KA-VA 33.0 - 5.4 22.8 4.8
122 46.4 C-CO 38.7 7.7 _45.2 1.2
z 303.5 307.2 47.5 299.9 24.2
Mean 33.7 34.1 5.3 33.3 2.7
Ave,.Bias + 0.4 - 0.4
Quebec other than Section B-1 and Ontario
53 43.9 Cc-Co 38.7 5.2 51.2 - 7.3
54 42,0 C~VA 40,5 1.5 43.2 - 1.2
55 51.3 C-VA 40.5 10.8 43,2 8.1
56 34.3 SHP-LE 19.4 15.0 27.9 6.5
57 18.5 SPH-LE 19.4 - 0.9 20.0 - 1.4
109 36.2 c 37.1 - 0.9 37.7 1.5
, 111 33.2 . c 37.1 - 3.9 37.7 - 4,5
123 33.4 C - 37.1 - 3.7 37.7 - 4.3
124 26,6 c 37.1 -10.5 37.7 -11,1
126 19.2 CLA-VA 30.0 ~10.8 20.4 - 1.2
127 41.5 c-~Co 38.7 2.8 47.2 - 5,7
61 34,3 SPH-LE 19.4 14,9 22.4 11.9
91 43.4 Cc-Co 38.7 4.7 41,7 1.7
92 33.8 C-VA 40.5 - 6.7 34.1 - 0.3
93 42,0 C 37.1 4,9 37.7 4.3
94 41.3 c 37.1 4,2 37.7 3.6
98 40.3 c 37.1 3.2 35.2 5.1
99 46.3 Cc-Co 38.7 7.6 46,3 0
101 29,2 c 37.1 - 7.9 33.2 - 4.0
103 30.3 C 37.1 - 6.8 35,2 - 4.9
104 41.4 c 37.1 4.3 40.8 0.6
107 37.2 C 37.1 0.1 37.17 - 0.5
Acc.Z 1103,2 1079.8 178.8 1105.8 113.9
Acc.Mean 35.6 34.8 5.8 35.7 3.7
Ave.Acc ' ’ ' '
Bias - 0.8 +. 0.1
Multiple regression : §.I. = 32,56 + 5.54 X.l + 2.43 X6 + 2.00 Xa




" PART 4

‘GENERAL'CONCLUSIONS ™.

4-1 THE VASCULAR FLORA.

The observations from our method of sambliﬁg verify the conclusion
of LaRoi’? in that the diversity of the vascular species increases from east
to west starting from the Maritime Provinces (Newfound;and) to reach a maximum.
north of the Great Lakes (Ontario). This variation seéms to be related to the
" major soil formations, to the climatic conditions and élso may depend to a
* certain degree on the geographical distribution of the species, which may be

in extension or regressiomn.

4-2 THE DOMINANCE.

*

As a measurement criterion, related to theispecies or species.
groups, the dominance appears to be very well adapted fo the coniferous
Boreal forest. The dominance of species and species g?oups is closely related
to site fertility, and as g‘result allows the: (&) characterization of the
fertility class by the sﬁecies groups, (b) possible classification of the

sample plots according to the fertility class by factorial analysis, and




- 54 -

(c¢) calculation of multiple regressions with the species groups determining
the site indices with a precision varying*ffdﬁjiS.B to 5.6 feet, depending

on the variables and region in question.

In addition, component analysis of the interspecific and inter-
species groups dominance relationshiﬁs has indicated that it is possible to
classify black spruce sites into associations aﬁd'pérhaps into saite types
by the vectorial ordinationsf It would seem that this is an adequate method
of classification which fs suitable for use by techniciens who are not neces-

sarily vegetation specialists.

Finally, the dominance scale would ﬁrobably become better in the
lower part of the scale if ‘the estimate were more refined. This is particu-
larly true for the species belonging to the herbaceous stratum and the hard-
woods from the tree and shrub strata. This modification would increase the
ﬁrecision of interspecific and inter—groub relationshiﬁs, and consequently,
would affect the precision of ﬁrediction of site index, as in the case of
the distribution of fertility classes in vectorial ordination. Theréfore,
it should prove worthwhile in future studies to search for a method of weight—
ing the dominance which would allow additional relative importance to be given

to the species and groups inside an association.

4-3° THE SITE TYPES.

Across eastern Canada the same site type may represent different
fertility levels. This may be explained if one considers the site type as
the result of integrating many site factors, A site tyﬁe results from the
combination_of these factors; but may be the result of many ﬁossible combina-
tions. For example; the Calliergon tyﬁe may be located on a fresh silty clay

soil as well as on a less fertile fresh morainic soll, but sufficiently fertile

L
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to support a black spruce stand of good growth. The site index in these

two cases will be different as in the case where a simiiar site type is
found under two regional climates differing by the length of the growing
period, in the amount of precipitation, or some other factor which is observ-

able within the scale of eastern Canada.

To use the site types for classification of site, a growth .
study must first be done, at the regional level, to estimate the fertility

of the types.

The continuity of the vegetation becomes a‘governing factor in
classification because if for a given region an ecologic unit is very repre-
sentative, for other regions it may be secondary or simply an intermediate
unit. This is to say that if the vegetation of a territory may be subdivided
into characteristic ecologic units, these units will net be, mecessarily,
representative elsewhere and consequently it would be tetter to establish
the importance of a unit for a given region before making a classification.
The selection of a region with a homogeneous geomorphoiogy, topography and
climate is a first condition to avoid all misunderstanding. That is to say
that any ecologic unit is "characteristic” or "1ntermediate" depending on

what it represents.

Component analysis seems to be a suitable nay to define the
ecologic or phytosociologic unit when there is a continuity to the linear
vectorial functions. By these analyses it has been po%sible to locate, in
vectorial ordination, positions of an.association andI site tyne relative

to one another (Figures 13, 14, 15) This permits one to see the transition

from one to another. By an adequate sampling in quantity and quality it 1is

probable that a center, grouping many types, would be formed in vectorial
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ordination and that for a given region each grouﬁing may represent an
ecologic unit rebresentative of the sampling area. When these principal
units are well-defined, the only thing remaining is to group under them, the
intermediate units, taking into account the similarities of ecology, produc-

tivity and silvicultural practices.

L-4 METHOD OF FERTILITY ESTIMATION.

- Three methods are presented depending on the precision sought.
They are: (a) site types; (b) the principal component analysis and (c)

multiple regression.

(a) The site types as proposed by Linteau’"

appears to be
applicable over a large part of the eastern Boreal forest. The prediction
of site index by this method is less precise than by multiple regression

with species groups.

(b) The cdmﬁonent analysis shows a possible classification of
sites according to fertility classes of 10 feet each. The data presented
in this investigation are ohly exploratory and merit a more intensive study
to defiﬁe the distribution of the fertility classes. It would appear that
a regional application, an improvement of the dominance scale and a study
of the species and species groups closely related to fertility, would in-
crease the analytical precision. It should be noted that the species groups
have been found te be very valuable in this regar&. At present there is no

way to adequately judge the numerical precision of this method.

(c) The multiple regressions established using the species

groups are -the most precise and allow a prediction of site index for a

single plot to £5.5 feet, generally. In that way it is possible to identify

the fertility class of a given site with reasonable probability, (the class
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interval (10 units) is equal to about twice the standard:error, SY.X,

(5.5 feet). The ?revious remarks concerned with the cogponent analysis
apply to the multiple regressions, that is, there should be advantages to
working on a regional basis. In additionm, multiﬁle regression analysis can
be tailored to suit either aerial fhoto interﬁretation o£ ground observation.
For example, with aerial photos taken at the time of leafing out, the hard-
wood species (X1) would be clearly discernable. A modification of Xs to
exclude Hylocomium ?roliférum (HYp) would permit its use in a similar way
since both Sphagnum spp. and Cladonia spb. can be seen from photos when not
obscured by tree foliage or snow. With ground observations there are no
serious restrictions on the sﬁecies to be used provided there are not too
many of them. With the use of a pocket guide or circular slide rule, rapid
estimate of site fertility can be made in a matter of minutes. It is possible

that the addition of other site factors would improve the precision of pre-

diction.
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Figure 5. Ordination of the species with respect to their correlation
coefficients between dominance and site index and between dominance

and percent densityv of the tree stratum.
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Figure 9. Ordination of 28 species common to black spruce stands,
according to loading components Arj and Az]
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Figure 13, Vectorial ordination of sample plots identified by their site type
- according to Y, and Y, vectors defined by loading components on 28
species of black spruce stands.
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APPENDIX I

LIST OF PRINCIPAL SPECIES OBSERVED ON SAMPLE PLOTS

Abbréviation

Tree Stratum

ABb
ACr
BE1
BEp
LAl
Pig
PIm
PIND
PINs
PObL
POt

Shrub stratum

ACsp
Alr
AM
CHAc
SI1
KAa
KAp
LEg
PRp
RHc
RI
ROa
RU
SA
S0a
VA

Vie
VIp

ARn
ASc
AS1
ASm
CA

Latin name

Abies balsamnea
Acer rubrum

Betula lutea
Betula papyrifera
Larix laricina
Picea glaueca

Picea mariana
Pinus banksiana
Pinus strobus
Populus balsamifera
Populus tremuloides

Acer spicatum

Alnus rugosa
Amelanchier spp.
Chamaedaphne calyeculata
Diervilla lonicera
Kalmia angustifolia
Kalmia polifolia

Ledum greoenlandicum
Prunus pensylvanica
Rhododendron canadensis
Ribes spp.

Rosa acicularis

Rubus spp.

Salix spp.

Sorbus americana
Vacecinium canadense
Vaceiniun cespitosum
Vaceinium pensylvanicum
Viburnum cassinoides
Viburrum pauciflorun

Aralia nudicaulis
Aster cordifolius
Aster Lowrieanus
Aster maerophyllus
Carex spp.

Common name

Balsam fir
Red maple
Yellow birch
Paper birch
Tamarack
White spruce
Black spruce
Jack pine
White pine
Balsam poplar
Trembling aspen

Mountain maple
Speckled alder
Shadbush

Leather leaf

Bush honeysuckle
Sheep laurel

Swamp laurel

Labrador tea

Pin cherry

Rhodora

Currant

Bristly rose
Blackberry (Raspberry)
Willow

Mountain ash

Sour-top blueberry
Dwarf bilberry
Blueberry
Appalachian tea
Edible cranberry-tree

Wild sarsaparilla
Heart-shaped aster
Lowrie's aster
Large-leaved aster
Sedge
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" *APPENDIX ‘T '(cont'd)

Abbreviation "~ Latin Name " Conmon 'name
Chh Chiogenes hispidula Snowberry
CLIb Clintonia borealis - Yellow clintonia
COPg Coptis groenlandica Gold thread
COc Cornus canadensis Bunchberry
EMn Empetrum nigrum Black crowberry
EPGr Epigaea repens Mayflower
EPa Epilobium angustifolium Fireweed
EQ Equisetum spp. Horsetail
FRa Fragaria americana American strawberry
GAp Gaultheria procumbens Wintergreen
LIb Linnaea borealis Twin-flower
LY Lycopodium spp. Clubmoss
MAc Matanthemm canadense Wild lily-of-the-valley
Min , Mitella nuda ' Naked mitrewort
PEp . Petasites palmatus . Palmate sweet coltsfoot
PTa Pteridium aquilinum American bracken
SMt Smilacina trifolia Three-leaved false
Solomon's seal
SOLm . ’ - Solidago macrophyllia Large—leaved goldenrod
STr ' Streptopus roseus Pink streptopus
TRb Trientalis borealis Star-flower
VAo Vaceinium oxycoccos Small cranberry
VAv Vaceinium Vitis-Idaea Mountain cranberry

Moss stratum

Cs Calliergon schreberi Schreber's moss
CLA : Cladonia spp. Reindeer moss
Df Dieranum fuscescens Dicranum moss
Ds D Dieranum scoparivm Broom moss
Du Dicramm undulatum Wavy dicranum
HYp Hylocomium proliferum - Hylocomium moss
He Hyprnum crista-castrensis Plume moss
LI Lichen spp. Lichens

(other than Cladonia) '
PO - Polytrichum spp. Polytrichum moss

SPH Sphagnum spp. Sphagnum moss
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and site tymes

Fregucrcy of moisture rerime, black spruce associations
ty class nf site index for tot11

,Jrnle plcts

Site in-
dex class
feet

Freq. Moist.Regime |Freq.

Black spruce
Association

Freq.

. o
Hite Tyje

- Sh,9
to
45,0

W W W
= W

Herb and Mosé

Moss

[l -2 V3]

Calliergon-Corrus (C-CO)**
Calliergorn-Petasites (C-PE)
Calliergon (C)

Calliergon-Vaceiniwr (C-VA)

Ly .9
to
35.0

b
HPLwWwhOCWNDND
~N O\ WO

Herb and Moss

Moss

lMess and Dwarf
Shrub

Peat Moss snd Dwarf
Shrub

[

Calliergon-Corrus
Calliergor-Petasites
Calliergon
Calliergon-Vaceinium
Calliergor-Sphaarmt (C-SPH)
Hypnum-HyZocan;wv (H-HY)
Kalmia-Calliergon (KA-C)
Sphagrisn-Ladwn (SPH-LE)

FROoWWH Fmw==-3Ww
OWoOoO-_IowW SWwWwhh - o

-t

Moss
Moss and Dwarf
Shrub

Peat Moss and Dwarf
Shrub

Lichen and Dwarf
Shrudb

[

= HFPKEFMDOOW D

HEPWWwMmwWww, N

Calliergon
Calliergon-Vaceiniwn
Calliergon-Sphagnien -
Ledum-Calliergo». (LE-C)
Kalmia-Ledier (KA-LE)
Kalmia-Vaecciniwm (KA-VA)
Sphagrien-Ledien

Ledwn~FRubus (LE-~RU)
Sphagnum-Petasites (SPII-PE)

—
HORFFMPDWEF=
VOENEFWND O

Moss

Moss and Dwarf
Shrub ,

Peat Moss and Dwarf
Shrub

Lichen and Dwarf
Shrub

" Peat Moss and herb

W RS WHEFPDDONSW

Calliergon
Hypnum-Hyleoco
Calliergon-Sphagnum
Kalmiaq-Ledum
Kalmia-Vaceinivwn
Ledum—cﬁa“ﬂedapnve (LE-CHA)
Cladorig-Vazoinizm (CLA-VA)
Cledonia-Ls dun (CLAfLE)
Cladoria-Kzlwia (CLA-KA)
C'Zadoni-l-} " st (CLJ\“E:I)
Sphagniet=Le Zen
Sphagrivi-Fetasiioe

,
nLwn

** G po
ks

T=IONEN O

-

OV D

o

Moss

Moss and Dwarf
Shrab

Pea%t Moss and Dwarr
Shrub

Lichen und Dwarf
Shrut

Peat Moss and herb

HHERP RN R DD

Chlliergoa-?acc‘ndwf
Hyprun=Hylcooriiien

" Calliergoin-Sphagyiun

Kalmia~Led.im
Ledum-Rubus ,
Kalmia-Vacainiw:
Ledum-Chamaedari:#c

. Sphagraen-Led.en

Cladonia-Xalmia
Cladonia-Lacum
Sphagmen-Carex (SPU-CA)
Sphaqin=4lrua (SPl=/1)

* Site ‘ype as deflned by Lintean
ype abbreviatdons,
Pronvosed site types and assoclations.

7 and Larond" ,o'. ’
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Lo Lhree site Tecloirs. !

Avphitity JT11 Feer peveeniof coverine of the sty ba aveording

e am e — )
]
ST RATA
CLASS Tree:s Shrubs Eerbs Mo:‘.scsl b z.fl,‘a_j?:imv{) L‘“_";
(1) (2) SN I L [P |
g i
W 2.5=1k.9 ks Eo.1% 1h. 0% 955 16 12 i
Boias -2h.o 50 Lo, 6.7 96 30 16 ’
"les -3h.0 Al 31,k 8.8 92 3k 2% |
o 135 k.9 T 1.9 17.0 85 34 oz |
o ot hs ~sho T9 T.b 0.1 6 11 6
0 35 Ly 1.9 87T 14 g
o 1 65 26 L.h 8l 11 T
i 2 77 16 8.8 86 29 18
& 3 8 3.1 6.7 o1 - | =20 15
" by 68 23 13.1 89 - 12 & i
5 5 4 2k 21.0 ol - I ¢ !
2 6 63 L2 13.6 95 8 5
it T 58 3k 28.1 9k G 6 i
= 8 L5 60 15.0 96 18 12 i
9 22 90 - o8 3 0 :
i
5 Z
2| 0-20 - 89 - 99 5 -
G| 21 - ko - Gh 9.2 91 23 1k :
Ll | b2 - 60 - 52 8.0 ol 25 hoy
H 61 - 80 - 11.5 k.1 88 %0 23 :
.. | 81 -100 - 3.1 11.2 88 32 29 ;_
s} 4
¥ The nmumber of sample plots is different in the case of the herboczous strotim

because the estimate of herb cover was made on only 80 of the 185 plots.
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APPENDIX VII Mean percent of cover by fertility and by tree stratum
‘ " cover classes of species groups =

Species Fertility Class Tree Stratum Cover Class

groups I IT III v v 0 -20[21 -40|41 - 60 | 61 - 80 | 81 - 100
%, | 4.0} 2.0 | 0.0 0.2] 0.0 - 0.4 0.0 0.7 1.6
X2 0.4 | 1.5 | 11.2 | 18.5 |'18.5 - 29.0 26.9 4.7 0.7
X3 1.6 | 2.7 2.4 | 4.8 (10.3 - 5.7 6.1 4.8 2.0
Xy 5.1 7.3 1.5 0.4 | 1.4 - 0.4 0.5 4.1 4.2
Xs |53.,1 [62.8 | 65.8 | 40.6 |30.4 - 20.6 39.8 62.3 65.5
Xg 3.2 | 6.9 |17.8 | 46,9 | 60.9 - 63.0 50.6 15.7 10.0

No. of | ¢ | 19 22 | 18 | 20 0 12 12 22 29

plots

APPENDIX VIII Mean percent of cover by soil moisture claésification

of species groups

M.R. 0 1 2 3 4 5 6 7 8 9
g;;tgf 8 | 7 |17 | 15| 6| 2 5 6 9 0
%X, | 0.6 0.0 | 0.9 | 2.0| 0.0] 7.6 0.0| 0.1 | 0.0 | 0.0
X, |18.7 | 7.3 | 1.4 | 1.3 | 3.0|13.1 | 21.4 | 23.3 | 28.8 0.0
Xs | 1.4 0.3 | 2.3 | 1.5] 7.1 2.0 9.1 | 9.0 9.2 0.0
. | 0.2] 2.1 | 3.2 | 3.0] 4.7 10.8 3.0 | 5.6 1.2 | 0.0
Xs |18.0 |71.4 | 64.9 |68.8 |59.8|56.0 | 46.0 | 40.0 | 30.2 | 0.0
Xs |54.9 | 8.7 | 8.4 |10.5|22.5|22.9 | 46.4 | 32.3 | 59.0 | 0.0
Sites xgz;c Subxeric Mesic Subhydric Euhydric
Groups ?
X1 | 0.6% 0.6 1.4 2.2 . 0.0
X, |18.7 3.1 1.8 19.0 | 26.1
Xs | 1.4 1.7 3.1 7.1 9.1
Xy | 0.2 2.8 3.5 5.3 2.8
Xs |18.0 |  66.8 66.2 48.9 34.3
Xe |54.9 8.5 13.9 39.5 ' 52.3

* Weighted mean according to the number of plots by moisture;regime.
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APPENDIX X Correlation coefficient matrix between the dominance
of species groups and certain site factors.

CONTINENTAL REGION

VARIABLE  NO. 2 3 4 5 . 6 1 3 9
5. 1. 1 6 -4 .76 -66 -10 .58 .43 -T5
% Cover 2 -.45 .66 -.38 -.17 .40 a1 -8l
M.R. 3 -0 .48 "% -07 -3 .82
X 4 .62 -0 - M6 .33 -.64
X2 5 | 29 -4 -69 .80
X3 6 | S0 -8 .
Xy 7 | f 30 -7
X5 8 - ; -.75
X6 ’ _
L e e prebabiiity for N = 50

0.35. :

TOTAL REGION

s. 1. 1 59 -3 .56 -8 -3 s 50 73
% Cover 2 .23 .55 -8 -.23 .36 .13 -9
M.R. 3 3% .3 460 -0 -2 .
X; . 4 48 - % 5 -5
X, 5 | 10 -8 -5 L%
X3 6 | [N |
X4 7 28 42
Xg 8 ‘ -.80
X 9

T 15 significant at 5 Z level ol probabi-
lity for 0.23 and 1 % level of probabi-

lity for 0.30.

=75




APPENDIX XI . .
Coefficients of the principal and rotated components on
28 species from black spruce stands, Total region.

Components Principal Rotated

Axes Yo Y3 Yo Ys ‘ Yy

Percent of
total vari- 7.3 : Not calculated
ance

Strata
species

—078

POt -.21

CHAc .00
DIl
KAa
KAp .33
LEg.
S0a .
VA . .16

ARn -.10
ASm
CA
Chh
MAc
PEp

TRb
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Intensive management of most
productive and most accessible forests
will be more and more necessary

in the province of Quebec. As this
practice requires sufficient knowledge

of forest ecosystems, the Research Service
of the Quebec Department of Lands

and Forests gives a great importance

to the study of forest ecosystems and

to the development of methods to define
them more easily or more precisely.

SERVICE PE LA POLYCOPIE
¢ Février 1973




