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FOREWORD 

The Canadian pulp and paper industry entered upon a period of great 
expansion after the first World War, with the result that ever increasing demands 
were placed upo'n the forest. The prospective depletion of the rich forests close 
to the mills, combined with apparently slow growth and regeneration after 
logging, aroused concern for the future supplies of pUlpwood. 

As a result, various conservation measures were taken by governments 
and private industry, one of which was the establishment of the Lake Edward 
Experimental Area in 1918 by the Commission of Conservation in co-operation 
with the Laurentide Pulp and Paper Company. This typical pulpwood forest 
had been cut-over in 1910. The next cut appeared remote and by no means 
assured; but, as this report shows, more softwood was apparently standing in 
the forest 40 years later than· ever before, and cutting actually started again 
in 1950. 

. 

The history of this area since the date of its establishment as an experimental 
area is perhaps more complete than for any other comparable forest tract in 
Eastern Canada. From studies made in the area in 1936 and later, apractical 
system of site classification was developed and used for the first time in forest 
surveys. 

Credit for the continuity and success of this project is due to the Consolidated 
Paper Corporation, for preserving the area intact and for carrying out the present 
cutting experiment to the recommendations of the Forestry Bra�ch. 
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SITE-TYPES, GROWTH AND YIELD 
at the .. Lake· Edward Forest Experimental Area 

.. Laviolette County, Quebec 

INTRODUCTION 

... The Lake Edward Experimental Area was established in 1918, 15 miles 
Jnprthwest of Grand'Mere, .Quebec, on tile limits of·the Laurentide Pulp and 
;r" .. Paper: Company, later succeeded by the Consolidated Paper: Corppration . 

..... , <:;Oinprisitlgfive square miles on both sides ,of Lake Edward, the area is typical 
i;�; ,ofthespFqce-balsam-yenow birch forest found in the eastern part of tlie Great 
;ii: .c Lakes-$t . . Lawrence fprest region. The objects. were to stuQY the .regeneration 

····· and growth of softwood in thisinixedwood forest following a pulpwood cut in 
1910; an(j from the finding to develop suitable silvkultural practicesin order ;j�: , topromote' sustained-yield forest management. 

. 
�""�Z 
iF"; .. Arrfollgihe1itstexperimentS were cuttingahd girdlihg llatdwood.s tOtelease 
0�· Softwood�i th.innings in. younggrowth, and seed-bed treatment. However,'othei: 
"\ problems: especially those relating to competition, suppre�ion, and site differ
�?> • ences, drew' attention later to the need for much more extensive information �Y.� .on thefore.St types before any silvicultural measures could 6e formutated. 
,!. �.' The fiis�lin�-plot survey made in 1925 yielded extensive data onihe stanQ.s, 
;;;h growihgstock, �nd results of the last logging operation; the second and third ��;. surveys

. 
of 1936 and ·1946 added site relationships along with the growth data. 

s:r.· A t the.timeof the 1946 rem�surement, the forest ·was clearly ready for cutting 
...
.. 

c· again. A flartialcut was begun in 1950 and it has cori tin ued each year since then. 

;;.'; . : . .. )'tePQrts" c�vering site.:t ype jdentificat�ori . and. correlations of site with 
� �xHamefer�growth, wrttteh bySisam (7) and Heimburger: (4), werepllblis�ed 
t;:; .. 'ih 19:i$� and �941;thegrowth study by the.!ine-pJot sqrveysof 1925 and 1936 �i�"; wasrepQrtea:uPOn by the present writer (6) in 1941. . 
<\,�, 

j; brou�tu��t:£t!�r the first cutting cycle 1910-1950
\
are nowsum1l1arized and 

THE FOREST AREA 
The Lake Edward Forest Experimental Area iies to the east and west of 

�<lke Edward, LaviOlette County, Quebec. The area is situated at latitude 
. ; 45' N and longitude 72° 56' W, and is about 900 feet· ahovesea-level; it lies t�ar the; southeast edge of the Laurentian Plateau, a peqepiaiq comppse(i .. of 

Z.l' ;:i1.aurentian (Precambrian) gneiss with a few intrusions of granite and anortho}lite,. 
:;,; and heavily glaciated ina south-southeast direC'tion. A desct'lptioIiof�hegoology ........ .a.nd physiQgraphy of the area has been given by. Heimburger (4) to which refer:-' 

. ence may be made for further details. . 
The forest is ·comppsed of ·tolerant hardwoods�yeHow birch (Betula lut(Ja, 

Michx. f.), sugar maple (Acer saccharum Marsh.) and beech (F.agus granai-· " folia Ehrh.), and softwoods-balsam fir (Abies balsamea (L.J Mill.), and rei 
'; rubens Sarg.). Red maple (Acer rubrum L.) and white birch (Betula. 

�nArwf'1if.ertt Marsh .. and val'. coritijotia (Regel) Fern.) are also quite colr!mon ... 
pine (Pinus stt�bus L.) Qccurs scattered on the ridges. and around the 
BlacksPfuce (Pued mariana BSP.) and whitecedar(T1fujaocc�enttzlisLlt 
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grow in swamps and on the rocky moss-'covered iake shores. .' Larch (Larix 
laricina (Du Roi) Koch) is found in some of the more open swamps. Hemlock 
(Tsugacanadensis (L.) Carr.) occurs. widely scattered in association with hard:. 

\ woods, and black ash (Fraxinus nigra Marsh.) is found in the small swaIfipE( 
and on stream banksin the uplandty�s. White spruce (Picea glauco, (Moench); 
Voss) is found scattered, chiefly on alluvial soiL Aspen (Populus tremulOidcf 
Michx.) occurs on some burned-over areas nearby. The area is situated ,close 
to the northern boundaries of the natural range of hemlock and beech. 

The forest was cut over at least twice, about 1890 and 1910. During 
earlier cutting for sawlogs, only the large white pine and spruce wel'e . 

from the more accessible localities .. In the later cutting for pulpwood, to 
limits of 10 inches for spruce and 7 inches for balsam fir, many patches of 
were left, including considerably more balsam than might have been taken 
the 7-inch limit. 

Site-Types 

Few aspects of forest research have received more attentioR than site ......... ".'.,.,."', 
fication. Since the end of the last century site-type studies.have. been '.' 
in most European countries, notably Russia and Finland, and in North Am�nca. 
Althoug�primarily intended to classify the fot:est for more intensive .. manage� 
ment, these studies also try to explain why certain conditions exist, and to 
identify similar sites for the extension of knowledge beyond . the bor<:lers.oLa 
particular locality. 

.. . 

Certain natural associations depending upon cover�type, climate,. 
physiography, well known to. many observers, have provided the st�trtinl)'·noi:rlt:.,:': 
for .most systems of site classification. The chieLprpblem then has 
the simplest way to identify and classify them. In Canada, Halliday's 
classification of the whole country into forest regions and forest se(:tiC.fiS. 
generally accepted as the basic climatic classification, and site-ty�s 
be identified within each of the sO-c;alled forest regions, or sectiOns. 

The use of plant indicator.s first awakened generalAnterest through 
chief proponent, Cajander (1), 'who described his objeCtives as follows: 

The object of classifying localities into quality classes is to combine into one and, the 
same class all those localities the capacity of which for growing forest is the same or appro.xi: 
mately the same, and to separate into different classes those in which the yield capacity 
differs more markedly. 

. 

Cajander identified his sites by plant associations, more or less IncleJ;.endeiQ'tly 
of the forest cover. The system was widely applied in Euro�, with COlLlsi;riet'a'j) 
but not unqualified Success. More recently, following Russian experience, 
tendency has been to include forest cover and physiographic features and'to 
less upon vegetation alone. As it is practically impoSsible to dissociate vee r-"',""""',': 
from ground vegetation, this trend might be accepted as a: modification 
original concept rather than as a departure from it. 

Heimburger (3), through exhaustive field studies on physiography and soil; 
found adequate supporting data for the hypothesis that ground vegetation 
characterizes biologically equivalent sites in the Adirondack region. 

. 

Similar forest conditions at Lake Edward allowed correlation betweelk 
the most important types common to both localities' Consequently th,ese sIte:..' 
types have replaced the more conventional cover�ty�s based upOn tr�e volt111l�>. 
and now form the basis of classification for aU aspects of the growth study. \� 

" 
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More recently Westveld (8) has correlated cover-type, land form and 
ground. vegetation with climax types and their successional stages in the forests 
of the Northeast, with much 'the same conclusions as at Lake Edward. He also 
emphasized the need for site classification by natural units in management of 
mixed wood forests. 

On the Lake Edward area, the following site-types were recognized in 
ascending order of quality: Kalmia-Ledum and Sphagnum-Oxalis (swamp 
types not studied in detail); Cornus; Oxalis-Cornus; Viburnum-Oxalis; and 
Viburnum. 

Kalmia-Ledum and Sphagnum-Oxalis 
Swamp types are of little irnportance. in this locality and' only the best of 

each supports a merchantable stand of timber. The former (Kalmia-Led urn) . 
is black spruce swamp of muskeg type; the latter ($phagnum-Qxalis) is a richer 
type containing some hardwood with balsam fir, spruce, and cedar. Generally, 
the ground is covered with dense alders and sphagnunfmoss. 

Comus (Softwood) 
The .Cormlsor "spruce ledge" type is*gerierally found on steep; hillsideS 

and cliffs, on borders of swamps, streams, and .lakes, and occasionally on swampy 
draws. Bunchberry . (Cornus canadensis) predominates among herbaceous plants, 
and there are also mosses, lichens, and blueberry;' Mountain maple (Acer SPica
tum), abundant on richer sites, is i"are. 

In the main stand, the principal species is red spruce; followed by balsam 
fit, and then by cedar or white birch; harnwoods, among which white birch 
predominates, amount to less than 20 per cent by volume. . 

Oxa.lis-Cornus (Soft - Hardwood) 
TheOxalis-,Comustype is easily identified bya profusion of wood sOrrel 

(Ox4lis montana), with bunchberry to a gte�ter or lesser extent, depending llw'n 
whetSer the site is poorer or richer than the average, Mountain' maple is also 
present, often 'very dense; striped maple (Acer pensylvanicum) generally occurs 
on the richer varieties only. The ground is level to moderately sloping, fairly 
well drained, and moist. This site occupies 62 per cent of the area, usually the 
lower slopes. 

. 

The composition of the main stand varies from 75 per cent softwood to 
75 per cent hardwood, some of the variation being due to past cuttings for conifers 
only. On the average, conifers are in the majority (60 per cent) and the propor
tio.n .is increasing. This is the optimum site for'balsam fir, all. things considered. 
Balsam fir has a greatervolume than spruce in the main stand, and it is far 
{nore abundant than in any other type. Yellow birch amounts to 30 per cent 
of the total volume of the stand, but its percentage of defect is very high. Sugar 
maple and beech-particularly the latter-are found only on the border-line 
sites of the Oxalis-Cornus type, approaching the Viburnum�Oxalis type, and 
when in quantity are consistent indicators of the Viburnum-Oxalis and Viburnum 
types. 

Viburnum Oxalis (Hard - Softwood) 
The Viburnum-Oxalis type is usually found on the upper slopes, where 

the forest cover is about 75 per cent hardwood. Indicator species are not frequent 
because of the thick leaf litter; witch-hobble (Viburnum alnifolium) may be 
represented by a few scattered plants or, rarely, there'1llay be a considerable 
amount; wood sorrel (Oxalis) is also scattered. Mountain maple is present; 
striped maple is common, sometimes even more plentiful than mountain maple; 
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Viburnum (Hardwood) 

Type Distribution and Analysis 
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TABLE 1 
Distribution of Site-Types 

Site Type Abbreviation Cover-type. No. of Plots Per cent.of 
·1936 Total Area 

€<>rnus . ... . .
.

. .  , . . ... . . . . . .. . CoT Softwood 34 10 
O�lis-Cornus .• . . . . . . . . . . . . .  O-CoT Soft-hardwood 214 62 Viburnurq-Oxalis . . . . . . . . . . . . Vi-OT Hard-softwood 68 20 ViburnilIn� ................. ViT . Hardwood 7 2 
Swamps . . . ... . . . . . . . . . . . . . . .  K-LT, SoOT \ 20 6 

-- -� 

343 100 
. 

The site and <;:ov�r-types correspond closely · if two mixoowood subtypes 
are recogni�oo, probably because the Jorest has largely attairied its climax. 

Cover:types alone based ()n tree volume maybe appropriate f()r des<2tibing 
existing stallds but ffi�y are too easily altered by cutting ()r .acc�dents.o£ hat:ufe� 
eyen if orily temp6rarily .

. 
The Lake Edward site':types could also be!lamecf by 

the characteristic tree. species' if so desiroo, provid�' the same natura{ conditio-ns 
were kept in mind: red . spruce (Corn us) , spruce-halsatn�yel1ow birch' (Oxalis
Cornus), spruc�yellow hirch-maple (Viburnum Oxalis),anQ maple-b�ech 
(Viburnum). They are closely correlated' with rand forms. 

. . 

Laboratotyanalyses of soil samples by Heimburg�r(4) includoo determina-· 
tion of acidity , inoculation tests, examination of texture and basi<;: min�rf1:l 
content, cakiurri determination, and degree' of incorporation of 'humus into 
mineral soil . . GOOd correlation was shown between the type of humus layer and 
site-types. Poorer site-types generally have a more acid humus layer .. There 
is a close correlation between site..:types and different degrees of nitrification, 
andslighdy higher lime contents were found in samples from richer sites. 

Heimburger (4) states: 
The Cornus type has generally the deepest humus layers and. �'A" .horizons. The 

main difference betweenthe.types seems to be in the thickness .of the "B"horiZOllS; In 
. the Cornus and the ViJ:nlmumtypes this is very., often limited by the' shallow l�yetQf 
mineral s.oil resting directly on bed-rock. In the Oxalis-Cotnus and the Viburnu:tn-Oxalis 
types the mineral s9il usually is .of sufficient depth for the full development of the soil 
profile. The Oxalis-Cornus type as a rule has a shallower soil thall the Vtburnum-OmJis 
type. 

. , 
• 

' 

... The content .of organic matter, as expressed by loss upon igniti.on, decreases in' 
the humus layer as. the sites become relatively richer . . On the other hand, the "A" horizons 
show an increase of incorporated organic matter In the richer sites .. >. 

Differences in drainage arld .in mineral soil fertility are probably much more important 
in determining the quality of site in this area, in view.of the moist c�imate, than soil texture 
... (R.N. 66) 

In cOmmenting upon the indicato� value of the main plants, Heimburger (4) 
continues: . 

All the main specieli\ of the ground vegetation can .be subdivided into f.our gr.oupS, 
namely; (1) indicatorS' of poorer, softwood-producing sites; (2) thoSeoccutrln�mainIy 
on mediumricb sites; (3) in�icators .of nch, hardwood sites; and. (4) species occurring 
with,about equal abundance antf degree of cover on aU the sites and therefore Poor hidi-cators of site within the tnaterialsampled. (R.N. 66) 

" 

These species are shown in Appendix I, along with tbe a.bundance' and 
. . SQCiabilityof the major components of the vegetation :on the varions sites. The 
original graph was revisOO Jrom.a consideration of Heimburger�s note and .from 
arT\Un,rI o�ations to coniorm witb presentJ'lractice. 



Height-Diameter Relationships 

The average height-age of dominant· trees In anyone locality or stand is 
generally accepted as a direct measure of site qualit}";however, the height.:age 
relationship is not believed to be valid when suppression 6ccurs in early life, 
as is commohly the case on the richer sites. . . " 

Nevertheless, site quality is generally accepted as being the u .. uu."!,) 
in height growth. The height-diameter curves for red spruce, shQ\\l1l in 
consistently follow the site relationship and this is believed to hold true in ,",ulna.", 
or near climax forest. 

Therefore it is suggested that height-diameter, and not height-age, 
best the site relationship for red spruce in this mixedwoodtype of forest. 
relationship happens to hold true for balsam fir also, but is less reliable 
balsam fir is shorter lived. Fewer large trees on the 'poorer sites account· 
closing off the curves sooner on the Comus and Oxalis.Cornus types. Yel1ow< 
birch is also shown. ' 

Application 

The present writer was able to test the validity of this concept of site�ty'pes 
in the forest survey of 1936, and to complete the growth study for the area 
after the final plot remeasurement in 1946. The types were notdifficitlt to 

. recognize or map in the regular manner on cruise lines; once they had. been' 
described and explained in the field by Heimburger in the course of two or three 
days. At first, the plant indicator species. were relied Upoli. almost entirely for .' . 
type identification. As time went on, the types and their peculiarities emerged, 
more definitely, particularly after compilation, and Los.ee(5) has shown that · 
site-types in climax forests can be mapped from aeriaL photographs. Immature 
varieties and temporary fire types with the successional trends. in vegetation 
following disturbances have yet to be studied; however. 

FOREST SURVEYS 
When experimental work was begun at Lake Edward in 1918, permanent 

sample plots were established, v;arying in size from one-quarter to several acres. 
On these were conducted girdling, th,inning, release ctttting, and seed-bed treat
ments. Contiol plots were established in untreated forest,· and· other plots set 
up purely to record the growth and yield. At the same· time,a strip survey; 
primarily for measuring reproduction, was made over the whole area. . .. 

nately, the very general results from this survey weredifficu1t to compare 
the later permanent line-plot survey. 

At that time, also, the lack of empirical and fundamental information 
a handicap in planning what experimental work to do, and �nally, rall:rnen.t;.j 
of sample plot work between 1931 and 1936 lead to revision of f"h .... "'·hnIP 
concerning Lake Edward. Silvicultural treatment was clearly less "",'cu.,;"", 
originally thought and the result of some short-term experiments 
obscured. Fortunately, about this time site-types were ready for use 
type and growth studies finally converged.in 1936. Every development since 
then has served to strengthen the.association at Lake Edward. 

The first intensive line-plot survey, begun in 1924 and finished in 
is considered for comparative purposes to have been made in the year 
the second was made in 1936, and the third in 1946. Although an attemlptu,<o"",; . .; .. 
made to work back from the 1925 survey by means of mortality and increlllleI1Lt;-' 
borings to estimate the residual growing stock after cutting, the results are 
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Figure I 

INFLUENCE OF SITE IN THE HEIGHT-DIAMETER REL.ATIONSHIP 
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very accurate. Consequently, the record is not com.plete between the 
cutting (1910-1912) and 1�25, nor is it possible to determine �ctlYh. ·'o.1w ):nu(:b; . . 
was on the ground immediately before and after tl;ie cut. The stUlllP tally 
the line-plots in 1936 is the only estimate of the volume taken off in previolls 
cutting operations. 

' 

In the line-plot survey of 1925, fifth-acre plots were established at .Lu .. cnaLtu· 
intervals and the lines were blazed. Squared pOsts withnumber�tags at1:acJneti. 
marked the corners of each plot. All.living trees on the plot 4 inches 
up, together with those which -had died within the last ten years, were 
in inch-classes. Saplings (1 to 3 inches) on a subplotO.5 by1iO�hain, 
lings on a square-rod subplot, Were tallied. Plots were l10t laid out in 
wood type nor in unrnerch.mtable swamp types. Single increment 
were taken on spruce,balsam fir, and cedar. Altogether, 321 plots were 
laid out. 

A resurvey of the area was completed in 1936. Lines· Were spaced as; h .. fnr".< 
at intervals of 10 chains, but' the plots were arranged ina grid over the 
Although the survey covers the same ground, theplot� are not identical 
those originally .laid out ; .and they are one squarechain'msteag:Of tWO"SQ1Llll't'ei; 
chains in area. Lines were run with a bOx'cornpassand were net 
distinct association of tree species notecl, after cOlllpilatlon of the 
data enabled reclassification of the 1925 plots intothesamesysteni 
inspection of the main stand and reproduction tally sheets and. by COlll1p1arllng' 
the two maps. 

An living trees of 0.6 inch d.h.h. and upwards on . the plot were tallied; 
.
' .: 

one-inch classes; those \fhich had died in thelastt�nyears were;taIlied separat¢!YI Stumps of trees cut in' previous logging operations welte measured and tallien' 
in two classes, as having been cut in 1899orin}91O.SeedHngsona 
subplot in each plot were countec!by speCi�iri thri!e classes, 

' 

0.5 foot, 0.5 foot to 3.0 feet, and �.O feef;: �iiwatds ill h�iglit .. . h.'.," ,'rprrl"'tlT 
were taken 'On dominant and co-dominant' sI>ruce,. balsam fir, " .... ,If, 'NtllIU" . 
yellow birch, Two opposite borings.weretaken �neach tree, to ato'tal 
radial growth in the last ten years was recorded, also totatgge on.one 
trees per plot. ' few liei hts were measured oneach lotith� total nun}ber ,.: 
amounting to about 800; NOtes on groun covet, history, and soil �ere 

Plots were moved. slightly backlVard' or forward if :i:hey felt across a dearJ'\fo' 
defined type line, or partly in swamp or lake, but such caSl$ :were infreQ�etlt. 
Plots weVClassified in the field according to site.type. Cruise lines were mapped 
to show topography, site-type division, and location. AltogE!ther 343 line·plotS 
were established. (See centrepiece mitp.) 

. . . 

The line-plots established in 1936 were .remeasured in 1�46, all bqt 
being found without difficulty. (A new plot was laid .. out in the spot where 
original was suppOsed to be.) Increment borings and heignts we):e taken 
same manner. New increment curves and volume tables were prepared,hut 
the tatter showed only small· differences, the original 1936 tables were used 
computing the 1946 as well as the revised 1925 stock tables. 

. 

The total volume of trees 4 inches d�b:h. an<i qp was compiled. for ", ... ,.u"", • ..,'''{' 
in 1936 and in 1946. From statistica:l analysis of plot volumes, it was concltltl'�, 
that the surveys are accurate within accept�ble limits. 

.. 

RESULTS 
Cutting naturally affects the· age-dass, structure, and speciescomposi 

of the growing stock; therefore. a ,brief reference to pastoperatiol1�m;:tY 
to explain the growth and yicld figures. which foUow. Pinewas the. firSzt $��i�:�I�, 

8 



€ut1 thj:!u the largest spruce, and these operations, sPread over many years 
throughout the.whole area, were completed in 1902. According to stump tallies, 
17 trees per'acre were removed. The pulpwood cuttingtor�ulationdiameter 
limits (spruce 10''', balsam 7"), b�inningabout 19W.and ending in1912;rem()Ved 
all average (qver thj:! whole area) of. 13 trees .per acre but actually only covered 
about half the area. The extent to which each site-type was subjected to cutting 
is in these proportions: 80' per cent of the Cornps type, 52 per cent of· the O�alis� 
Cornus,and 15 per cent of the Viburnum-Oxalis:. Generally speaking, the Cornus 

now comprises more younger aged and fully stocked stands; the OX/:ilis .. 
type. is moderately stocked and all aged; and theVibnrnum-Oxalis type 

under-stocked with softwoods. 
The last cutting has resulted in a patchwork of young and old growth, 

and in what appears to be a considerable increase of balsam fir .. The pine has 
been removed permanently, and as the spruce will not likely be allowed ,to grow 
again to its m�imum size, the way has been opened for a la.tger p,toporfion of 
balsam fir in the future. By.1936 the average softwood> volume otthe Oxalis..;. 
Corn us. type plots cut-over in 1nU W"lS slightly higher thail the uncut .. > Of 
course these probably had a higher volume in the first place; �nd the trees are 
still" much smaUer even tliough more n:umerouS: .NevertheleSs the c.m�ver 
forest seems to have recovered remarkablyweil ill the 30 years.fqUowing;· , . 

Some stands were still
'
immature in 193(j, particularly wher� bal�am fir 

had passed through a thicketstage;>other stands, miSsed by theI?ggers, contain' 
only a' few large trees. Consequently,considerable variation is' found in the 
proportions of softwoods to hardwoods and' in stand st(ucture,· which the average 
figures in the stand and stock tables do not adequately reflect. . 

� . 

The degree of stability attained in 1936, as mortality dropped and rapid 
growth was resumed� was interrupted l:lgain later when the older balsam fir 
trees b�an to break off and UP(oot., Spruce on the other hand was not affected 
and continued to. grow with increasing vigour. It is doubtful9:owever whether. 
the forest 3.$ a whole could ever develop fully as long /:is thtdlaidwoods, cOm
prising nearly half the total volume, were not being cut. Fortunately this. is 
now being corrected. \ 

Growing Stoek 
Stand and stock tables were prepared for all species iriaU site-types from 

the Iin'e'-piot tal�ies in 1925, 1936 and 1946, and the tables for 1925 and. 1946 
are given in Appendac 11; Summaries f rom these tables show by stages what 

{," has. happened since the cutting in 1910 and they. provide the. basic data for the 
J\�: growth study. The volumes are shown in Table 2 and graphically in Figutes 

I�;? an�:�m Table 2 and Figures 2 and 3 it wil� ,be.seen.that.\spruce alld bal� f�f lncteased from 736 to 1,484 cubic feet per acre between 1925 and 194<:i;thatis, 
� •. � �they, have' doubled in volume in 21 years. A t the same time, hardwood� have 

. iIlcreaseQ by only 20 per�centand.their total volume is now consiuerably.less 
"

'
·. thanth.e total volume of spJ;uce and balsam. Softwoods on thewhole therefore 

have made out very well, in competition. with na(dwoods, in spite of. the unpro-
t; mising beginning reported J:>,y earlier, observ�rs. 

. . 

Spruce is gaining steadily on balsam fir and by 1946 the averl:lge volumes 
(for the three types) were very nearly equal. Balsam fir held its own in the 

�>; \Qxa
ch

lis�CO JffiuS .type unti
f
l 1936; th'en mounting.mortality took eff

B
ect as trees 

rea . ed illatuntyand let spruce to progtessev;en more rapidly. . Y 19:46 the 
;: "" �y�lumes'w�r�:,spru�e 730 c�bi� J�t per acre, and balsa� 922 cubic feet per acre� 

. Spruce is' far ahead in the other two ty(>es. . 
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,O-CoT 
321 
472 

870 
1,759 

�50 
773 

'W·OT 
286 
221 

scn 
15 

522 
1 ,566 

515 

346 
302 

541 " 637 
648 '1,178 

24 1 10 ,  
672 

1,615 
511 

'ridnc'tivitv expressed itt ,, ' , woQtl:volUme is <;bnsistent with r,es,pet:t 
the 

,, ' 
, ', the inh�ent qiffer:ence , in, w()wth rate, bet;ween 

and hardw®ds could temp<:)rarilydefange t;his relationship inless m"u' :ur,e,staI1QS>. , 

" C�nve1isety, ' the largest volumes ' of sprute apq ' balsam . are founel ,in .tl1e··. ' 
, .<:?orntls .tyPe (th� p()Orest}and they decfine in the OxaHs-Cornus and Viburntiril..: ' 

Oxalis ty� a� the site improves. This is directly the resultof competition fronr lIarc:lW()Ops: htdividllally �hese trees show better fonn and height with site iPl-
"provenu!ttt;  tliaf is, tl1e be§t t;ree. speCimens are found in the Viburnum-Qxa.lis· 
:. t.yJle. bttt the}argest volumes ate' {ooUnd in tbe Cornus type. " .' 
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�'V:€IIU;111e �;· •• th� :COtnus�.type. is pet"baps more remarkable consid
h�lVilest cutting took plfLce . there. On the other hand, the 

never!. recovered from the cutting in 1890 and very 
second ,operation in 1910. 

M nu�b'ers of trees (4 inches d;b.h. and up); shown for each spedes in 
."1�<!�'f'" Q.�LV. stock tables,' are s,ummarized in Table 3� The numbers of saplings, 

inches� 3;re . shown later with the reproduction. 
Tbre ���ll1b<ets of trees, b<oth softwood and hardwood, continqed to increase 

but the increase was very small in the Viburnum-Oxalis 
U;;:>.'�(U" Y . have larger numbers uf trees than. rich sites . . This 

The . nulllber of spruce a11d balsam trees (4 inches 
V.UU�"<;;u· between {925 anq 1946 in the Cornus type ; they 

;.: .. � .cttlcr,eai'IOO mCld:etatelv Oxalis-Cornus but remained almost stationary 
:Vl0uJrnlim."U:!Calrs type. Tlie average for the three types increased from 

.. y .... 7F,�,.lt�". acre. 
. 

continued tQgain on balsam firin all types, in numbers 
Volume; and it now leads in all but the Oxalis-Cornus type. In 

trees are .more numerous; 

TABLE 3 
�U;U1mMy of .stana Tables 

. � Number c)f Trees. per A.cre, 4" and up 

. . , . . . ..- . . . . . . . . . . 

. . .  _ . . .. . . ' . . . .  � .- . . . . .  

. . . . . . .  ' "  . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . .  

. .  ".� . . . . . . . . . . . . . . . . 

1925 

CoT 

195 
17 

2.12 
5 

26 

31 
243 

1946 

263 
156 
419 

43 

462 
8 

42 

50 
5 12 

O-COl' 
55 
96 

151  
11· 

162 
38 
28 

66 
228 

104 
159 

263 
18 

28 1 
41 
48 
89 

370 

Vi-OT Average 

38 57 
44 84 

82 141 
2 10 

84 151 
68 41 
44 3 1  

1 12 72 
196 223 

44 108 
40 133 

84 241 
17 

84 258 
64 42 
55 49 

119 91 
203 349 



Stand Structure 
The structure or profile of a forest stand refers here to the J;o 

by inch diameter classes. It is useful for comparing one stand with . 
showing to what degree the stand has developed towards its climax 
diameter classes one can expect the most growth in the near future. 
developed type usually hal> its own peculiar pattern when nll'.rr�.rl 
This pattern is a bell-shaped curve for the Corn us and 
(the former being higher but considerably narrower t�an the latter) .  
i s  asymmetrical for the Viburnum-Oxalis type, with the peak towards 
end of the diameter range. Data obtained from the stock tables were 
and are shown in Figure 4 for each of the site-types, and for spruce and 
together. 

Poor �ite, resulting in short trees, reduces the volume of all species . 

Corn us type, An abundance of balsam fir combined with shorter life span 
the proportion oflarge sized treesin the Oxalis-Cornus type. Severe competitiQn 
in the Viburnum-Oxalis type further reduces the number of softwood. trees. 
Once the softwoods bave gained freed9m from suppression, however, they grow . 
rapidly and reach great heigpt; the culmination point in the Vi-O type profile 
is seen to be far to the right of centre. Most of these trees are spruce, because 
only an occasional balsam survives in the larger diameters. 

Little is known about the original stands before the 1910 cutting. It i� 
doubtful whether the total volume of wood was ever much greater than at.  
present. The Cornus type probably contains more and the Viburnurp.-Oxalis 
type less softwood now, but on the whole the main difference is thought to be 
in the smaller average size but larger number of trees. 

The virgin forest of the Ouareau River observation area, ,60 miles to the 
west in the Mont Tremblant region, is the only known standard with which 
a comparison might be made, and the same site-type relationships were found 
there too. This suggests that the Lake Edward types are not far · from their 
climax forms, in spite of the cutting which took place less than 40 ye?-rs before. 

The percentages of volumes by broad groups for 1925 and 1946 (Table 4) 
are also good indices of stand structure. 

TABLE 4 
Stand Structure, all Softwoods 

Percentage of Total Volumes of Softwoods 

Year D.B.H. CoT O-CoT 

1925 . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . 1-3 

Total: . . . . . . . . . . . . . . . .  . 

Total Cubic F;eet. . . . . . . . . . . . . . . . . . .  . 

1946 . . . . . . .  � . . . . . . . . . . . . . . . . . . . . . .  . 

TotaL . . . . . . . . . . . . . . . . .  . 

Total Cubic Feet . . . . . . . . . . . . . . . . . . .  . 

4-9 
10'; +  

1-3 
4-9 

10"+ 

14 

19% 14% 
65 58 
16 28 

100% 100% 

954 889 

12% 6% 
62 48 
26 46 

100% 100% 

2, 123 1,786 

Vi-OT 

8% 
52 
40 

100% 

522 

62 

100% 

748 



STQCK PROFlLES -TQTAL VOLtfME PER ACRE BY D.S.H. CLASSES 
(Spruce and 8olsom Fir only) 
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, .. . .... 1'be!!e,.pel'centages �ow close ret�fionships with the Sltl�·Vi<tl€iS_ 
itl 194() ()nly 26 per: cent (jf the softwooas in th!! eo tYIre 
d.b:h:, compared to 46 per cent in the O-Co and 62 per cent in the 
The greatest praportiQnal increase in . large trees (10 inches atld 
1925 and 1946 took place in the Vi-O type, from ,*0 per cent to 
Competition' with . hardwoods is evidently no longer a factor among 
trees, and. they can profit to the full capacity of this rich site: .' 

Table 5 shows the percentages of each species by site-types, and the 
which have o'Ccurred between 1925 and 1946. 

. 

TABLE 5 
St>ecies . CompOSition 

Percentage of Total Vo}uQle 

1925 

Species CoT O-CoT Vi-OT 
Spruce . . . . . . . . . . . . . . . . . . . . . . . . .. . ,  . 43 18  11 
Balsam .. '. ' . . . . . . . . . . . . . . . . . . . . .  : . . . 30 i 27 8 

Total. . . . . . . . . . . � . . . . . , 73 45 19 
Other Softwoods . . . . . . . . . . . . . .  , . . . . . . 9 5 1 

All Softwoods. . . . .  . . .  . . . . . . . . . . . . . . . 82 50 20 <¥¢l1ow Bin;;h . . ' "  . . . . . . . . . . . . .  , . . . . . 3 39 60 
Ot;her Hardwoods . . . . : . , .  . . . . .  . . . . . . . 15  1 1  20 

I�----�-l---------'I --------I-----� AIHardwoods . . . . . . .  _ _  . . . . . . . . . . . . . 18 50 80 
A 1 Spe(;ies. . . . . . . . . . . . . . . . . . . .  . . . . . . tOO 100 100 

1946 

53 26 
27 33 

80 59 
8 5 

15 
10 

25 

All Softwoods .. ·. . . .  .. . .  . . . .. . . .  . .  . . . 88 64 25 
Yellow Birch . . . . . . . . . : . . . . . . . . . . . . . . 4 28 58 
Other Hardwoods. . . . . . . . . . . . . . . . . . . 8 8 17 

-------�-l---------I---------f-�--� 
A11 Hardwoods . . . . . � . . . . . .. . . . . . . _ . . .  12 36 75 
All Species ; . .. . . . . . . . . . . . . . . . _ .  . . . . .  100 100 100 

. 
Spruce is gaining steadily on balsam, on the average only one per ' 

.behind in 1946 ; and softwoods having gai� tO per cent at the expense of 
woods since 1925, now constitute 57 per cent of the total volume of all 
Hardwoods lost 14 per cent in the O�Co type_ Competi:tion is apt to be 
in this type ; therefore the loss is significant. The percentages in this type 
now M . to 36, instead of 50 in 1925. . 
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. 'fhe annual. mertaIity for ea<±h of the three periods is shown in Table 6. 
\i'he ' heavy �rtality between 1 915 and 1925, amounting to 33 ·6 cubic -feet 
ofspru� an� balsam. per acre, or 4 · 6  per cent of the 1925 volume, consisted 

j}\ ' ly of mattlre balSam fir left over fram the 1910 cut. Had the diameter 
t�{,�<," " " .'s (�pr��� l� �nch,es, ha1sa� . 1 in�s) been , strictly adherred tOt anq , h�d 
" " ., 'the whole. area, neen cut-over in 1910 instead of barely over half, most of what 

' Ialer 'djed 1"oul4 . probably have been cut before being blown down.. The average 
drqpped to 8 ;8  cubic feet in 1925-36, and rase 'again to 12 · 8 cubic feet in 1936-46. 

TABLE (, 
�UAL MORTALITY 

Total' Cubic Feet per Acre 

Species 

·i�I;".: : : : : : : : : : : : : : : : : : : : : : : : : : :  
Total. . . . . . . . . . . . . . . . .  . Other Softwoods . . . . . . . . . . . . . . . . . • . . .  

AILSoftwoods . .  ," . . . . . . . . . . . . . . . . . . . 
'Yellow Birch .. . . . . . . . . . . . . . . . . . . . . .  . Other Hardwoods . . . . . . . . . . . . . . . . . . .  . 

All Hardwoods . . . . . . . . .  : . . . . . . . . . . :. 

All Species. , . . . . . . . . . . . . . . . . . . . . . . . . 
. , 

1915 - 25 

CoT O-CoT Vi-OT Average 
----

15 ·0 11 · 5  9 · 6  1 1·4 
21 · 1  24 · 5 · 14· 9  22 · 2  ----
36· 1  36 · 0  24 · 5  33 · 6  

3 · 8  6.·0  · 9  4 · 7  ---
39 · 9  42 ·0 25 · 4  38 · 3  
. 2 ·4 7 ·0 19 ; 7  9 · 3  
5 · 5  5 · 8  4 · 7  5 · 4  

7 · 9  1 2 · 8  24· 4  14 · 7  
47 :8 ' 54 · 8  49 · 8  53 ·0 . 

4 · 3  2 · 0  2 · 7 2 ·4 
3 · 1  6 · 7  7, 2 6· 4  

� . :othej- Soft\V���l ... : : : : : : : : : : : : : : : : .  t1 �:� i :� �:g 
----

AU·Softwoods . .. ; .. . . . . . . . . . . .. . . . . 1 2 · 7  11 · 7  1 1 · 4 11 · 7  Y;�I!()w Bir:cL .. . . . . . . . .  . . . . .  . . . . . . . 4 - 0  1 1 - 0  5 · 1  Other.HardwPbds. . . .. . . . . . . . . . . . . . . .  2 · 1  5 ·0 6 · 5  5 · 0  

��'.'." . ' i\lIHa;'d\V()()(}� . . . . . . . . .  , . . . . . . . . . . . . 
-'-,-

-2-' 1
-- --9-.-0- --

1
-
7 

-. 
5
--1--:--

1
-
0

-
' 1

--

�JJ2:;:;· AU�Species. . . . . . . . . . . . . . . . . . . . . . . . . .  14 · 8  20:7 28 · 9 2 1 · 8  

. .� Softwoods . . . . . . . . . . . . . . . . . . . . .  . 
Yellow Birch . . .. . . . . .  : . . . . . . . . . . . . . 
Other Hardwoods . . . .  ' . . . . . . . . . . . . . . 
.Au f:Iardwoods . . . . . . . . . . . . . . . . . . . .  . 
All Species . . . . . . . . . . . . . . . .. . . . . . . .  . 

- 46  

2 · 6  
5 · 1  

7· 7 
1 · 0 

8 · 7  
5 · 1  
1 · 5  

1 '{)  
l"H) 

·4 1 · 5  
9 ·6 1 1 ·3 

------- [ --------\----------
14 · 6  
2 - 0  

1 6 · 6  
7 · 0  
4 ·0 

10 ·0 1 2 · 8  
1 ·3 1 · 7  

1 1 · 3 14· 5  
9 · 5  7 · 3  
.4 ; 6  3 · 9  

---- ---- ---- ---
6 · 6  

15 · 3  
14 · 1  
25 ·4 

11 · 2  
25 · 7  



Sprpce �orWity is a fairly constant function of the v-0lum.e 
type (lnd it decreased\steadily after 1925 tO a negligible amounfln 
fro� an anntlal liverage of 3 · 4 per . cent to O· 2 . per cent of the Oreset1it 
Balsam fir on the other hand varies much more with site and age. 
decrease in alltytpeS after 1925 from, the.excessive mortality immedia1;ely 
the cut, the . .  annual rate . began·· to increa;se again · from one per cent in 
·l·S per ' cent. i.n 1946. Also/in this same I?eriod it varied from :O · 8 'per . 
the Cotype to 3�4 per cent in' the Vi..:(} type. 

$prw:e therefore continues to grow I>teadily and to occupy an "'''.·r .. ln ...... 
proportion of the stand,. whereas 'balsam fir is declining, although 
well. Spruce d�teriorates slOwly with age, is windfirm, rot resistant, 
survive for many years even thougli towering over the younger forest. 
fir, on the contrary, dies sudd�'ly when it reaches a certain age or 
being susceptibIe to butt rC;)t and windthrow, suffers seriously from cn,ln1!��lt . the' canopy after cutting or '  other disturbance. 

Vellow birch mortality, .in spite of the giebac�, is practically 
?, rate of le5l> than one per cent arinuaHy since 1925. Most of the tree 
been affected but fortunately .. without subsequent mortality. 
. It shOul(i be noted' that the total of all spruce and. balsam mortality 

1910 and 1950, (calculated at the nearest periodic rate for the years not 
1910 to 1915 an<i 1946 to 1950) is 1 ,174 cubic feet per acre. The total 
stoclt in 1946, , with Jhe addition of four Years' growth from 1946 to 
1·,Q06 cufjic feet. The mortlility therefore during the cycle 1910 to 1950 
to over rO I?ter cent of the final volume. Had it been praetical to cut 
afid thus fore;>tall this mortality, the final yield could have been >Mr·,."",,,,,,,,,. 
approximately that much. 

Rate of gr,owth is admittedly one of the most important fadora rn 
l'eg;uhl.ti'9n becauseit governs the rate atw/lich cutting can be safely Growf/l {iata at present ar� scaice and while management plans are 
the. �t information aVi),ilable, the long�term growth rate is still · 
Moreover, provision: is generally -made for adjustment in the rate 
at l'egjllar .iiitel'Vals, u8uatly ,10. years, and growth tau be estimated 
r:ate1¥ f91' that length of time; Precedent� from which. growth could be . 
following the usual clltting methods in effect since about 1925, simply 
exist l>eyond these 25 . 01' 30 years. 

Inoyennature forest, growth\ancl mortality being more or less in 
no gerieral increase in groW1:h rate can, take place until the ovemature 

.. are e,ut, H()wever, as young gro",th increasea in area, and as the 
mature timber diminishes, therate at which timber can be cut Wllth(�at 
tb.e tor�t�ust eventually ·be balanced ligainst the rate of growth in 
stands. which have 'regenerated since logging (or fire) . 

. Growth figllr;es are also needed for forest management policy. The 
and varied opinions regarding the possibilities. o£ increasing yields, 
forest industries, restoring marginal farm land to forest and so on, are 
of the necessity for more specific and accurate information. Until more is 
aoout the forest, and short cuts are by no means rulea out, the 
way .of measuring and remeasuring plots is the surest way of 
growth data required. The ' Lake Edward data based upon 
extending over a period of 40 years, are indeed suitable. The one 
however is that. these findings be understood to apply to growth after p<u .. ��\ 

. not clear cutting, . 

�8 



Gro# 'daf� " prese!lted h:ere " at:e based upon ,the growing stock volumes 
ql?tain� fJtom,the line-plot surVeys a.nd are applicable to three periods, as follows : 
191G,t0 1925, determined by means of increment borings and mortality estimates 
,·from the 1925 survey; 1925 to 1936, fiQm independent line-plot surveys; 1936 
to 1950, from remeasurement, of identical plots in 1946. Extrapolation from 
the nearest 6xisting date filled in the gaps, 1910 to 1915, and 1946 to 1950. " ': 

�"�U It might t>e explained that the periodic increment refers here to the 10 to 
, 15-year ,periods only, and "average ' increment" to the whole cutting cycle, in 

.this case the 40 years betweeu cuts. 

The net periodic increment varies so much that it should not be isolated 
'�ntirely frolll the average, orit might easily exaggerate a condition in the forest 
,which is only temporary . 

• ' ,  The . periodic .net annual increment is given in Table 7 for each species, in 
" ,  each type, for the three periods and a combined total for the last two periods, 

1925-46. Growth per cent by Pressler's formula is shown in Table 8, and the 
average annual increment 1910 to 1950 in" Table 9; These figures are illustrated 
in Figures 5 aud 6. 

TABLE 7 
Periodic Net Annual Increment 

Total Volume Cu. Ft. per Acre, 1" d.b.h. and up 

SpecieS 

191.5 .. 25* 

CoT O-CoT 

0' ·6 - 2 · 1  - 6 -4 - 6· 8 

"':'5 · 8' - 8 · 9  
- 1 · 3  -4 · 1 

- 7 · 1  - 13 · 0'  
- 1 ·3 5 · 4  

0' · 6  �Q· 2  
- 0' . 5 · 2 
- 7 · 8  - 7 , 8  

1925-36 

CoT O-CoT 

Vi-OT 

-1 ·9 
- 7 ·5  

- 9 .4 
- 0' · 6  

- 10 · 0'  
10'· 2 

' ·9 

18 · 1  
8 · 1  

Vi-OT 
'-"-.,------'--........ -"----·---1 ------ ----- ----

·.o�usam . . . . .. . . . . . . . . . . . . . . . . .. .  O' • • • • 

34 · 9  
11 ·0' 

20' · 8  . 
27 ·4 

5 ·4 
7 ·4 

�----�-------�--I-�------I-------I---------I 
Total.. . . . . . . . . . . . . . . . . .  45 · 9  

''Other Softwoods.. . . . . .  . . . . . . . . . . . . . . 4 ·3 "' 

" All Softwoods. . . . . . . . . . . . . . . . . . . . . . . 50'· 2 
Yellow Birch . . . . . . . . ; . . . . . . . . . . . .  . . . 6 · 6  
Dther Hardwoods.. . .  . .  . . . . . . . . . . . . . . 1 · 6  

-------- 1 
All HardwOods. '. .  . . . . . . . . . . . .  . . .  . .  . . 8 · 2  .Nl SpecieS. . . . . .  . . . . .  . .. . . . . . . .  •. . . . .  58 ·4 

19 

48 · 2  
3 · 1  

5 1 · 3  
7 · 5  
4 · 5  

1 2 · 0'  
63 ·3  

12 · 8 
0'· 8 

13 · 6  
4 · 4 

- 0' · 4  

4 ·0'  
1 7 · 6  

Average 

- 1 · 7  
- 6 · 9  

- 8 ·6 
- 3 · 0'  

- 1 1 · 6  
5 · "  
1 · 6  

7 ·3 
- 4 · 3  

Average 

19 ·0'  
2 1 · 3  

40' · 3  
2 · 7 

-----

43 · 0'  
6 · 7  
3 · 1  

----
9 · 8 

52 · 8  



Species 
" ;. . � . .. � '." . .. . . . � . . . . .  : . .. . . . . .  . 

·.<;JiIjIlOi:OIIil. • • • • • • •  , • • • • • • • • • • • • • • • • • • •  

CoT 
39· 7 
18·7 

58 · 4  
3 · 3  

61� 7 
- 2· 1 

1 · 7  

- 0 · 4  
61 · 3  

. 1915-46 

Spe<;ies CoT 

��'%': ... : � : : : : : : : : : : : : : : : : : : : : : : : :  tl:? 

, 
O-CoT vi-:OT 

1S·0 11 · 4  
14 · 9 - b S  

32 · 9  9 · 6  
0 · 4  -'-2 -0 

33 · 3  7 · 6  
3 · 5  13 ·4  
0 · 3 · 4 · 6  

3 · S  lS·0 
37 · 1  25 ·6 

O-CoT Vi-OT 

19 · 5  8 · 2  
21 · 4 3 ·0 

------------ I--------- I--------- I-------� Toull.. .. . . . . . .. . . . . . . . .  5 1 · 9  Other 59ftwoods. . . . . . .  . . . . . .. .  . . . . .  . 3 · 8  ---��- I 
�l\Softwoods. . . . . . .. . . . . . . . . . .  . . . . . . 55 · 7  ¥elkiw Birch .. . . .. .  " . . . . . . . . . . . . . . . 2 · 5  
Other Hardwoods.. . . . . . . . . . . . . . . . . . . . 1 · 7  

40 ·9 
l · g  

42 · 7  
5 · 6  
2 · 5  

-------- I----�--- I ---------

AlI Hardwoods. .  . . . . .  . .  . . . . .  . . . . . . . . 4 ·  2 8 · 1  i\ll Species. . . .  . . . . .  . . . . . . . . . . . . . . . . . 59 ·9 50· 8  
. .  ' 

Species 

TABLE S 
Growth Per. Cent .(Pressler) 

. 'terlod 1915.36 

O-CoT 
SP£tice . . . . .  �' . .  : . : . , . . ' . . . . . . . . . . . . .. . . Balsam . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

5 · 1  
2·7 

Period 1'36-46 
Species CoT O-CoT 

it!t:::.'. : : : : : : : : : : : : : :  : :  : : : : :  : : : : : : 3 · 7 
3 · 3  

2 · 8  
1 · 8 

1 1 ; 2  
- 0 · 5  

10 · 7  
8 · 7 
2 · 3  

1 1 ·0 
2 1 · 7  

Vi-OT 

1 · 7  
2 · 8  

2 · 2  

Vi-OT 

2 · 8  
· 6  

-------- ---------1-------·-
S. aJ;ld Ih . . .  :. , . . : . . . . . . . . . . . . . . . . . . . 3 · 5  

Intenal 

Species CoT 
Spruce . . . . . . . . .  :.: . '. , . . . . . . . . . . . . . . . 
Balsam· . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

4 · 2  
2 · 9  

3 · 7  

20 

2 · 2  

1915-46 

O-CoT 
3 · 7  
3 · 1  

3 · 3  

1 · 4  

Vi-OT 

2 · 2  
1 · 2  

1 · 8  

6·4 
37 · 2  

Average 
..
.. 

19 ·0 
16 · 7  

----
35 · 7  

1 ·5 

37 · 2  
5 · 9  
2 · 4  

.8 � 3 
45 · 5  

Ayerage 

4· 3  
4 · 1  

I 
; 4 · 2 ' 

Average 
3 ·0 1 · 7 
2 · 3  

Average 

3 · 6  
2 · 9  

3 · 2  

. 



Average Annual Increment, Cycle 1918-19. 
Spruce and Balsam Only 

Area lncr�ment �cu:ft.) 

10 
62 
20 

92% 

30·9 
2 1 · 4  
3 · 4  

18 ·5  

N.B. 8%�f area is swamp or pure Ilardwood type (Vi.T 2%) and therefore omitted. 

In the firSt �od (1915,.25), spruce and balsam decrea�ed at the rate of 
'g�6 cubk feet per acre ;  in the second period they increased at the rate of 40·3 

t'i �u�ic ft!et, and.  in the third period, at the rate of 30 · 6  cubic feet per acre. By 
;� :; �1;enpwg tf1e 'rates fQr, the first and third periods to cover the gaps between 
,,'{ ; :t:h� ti�e Qf cutting all<l periods actually covered by the growth study, the average 

...• �� .. :�tin�al incr¢ment for th* species for the 40 .. year cycle (1910-1950) is 18 · S  :�1) " Fubic' feet. . 

�'Fr ." 
.... ,.' .• Thls average figure is disal»pQiit.tidgly Iow, but there might be extenuating 

�iW;. �f1;cum�:tat1ces' "For i�stallce,. the,la.rge,�etloss (1910 to. 1(25) which appreciably " ��uces. tln�· average would nQt have occurred had balsam fir been utilized .. then 
;. a'S now. . "  ' 

," z ':. A gr¢atimproveJnent. took place after .1925 when mortality was reduced 
'.;; tQ a tnmim1.U.h. Be�"then and. 1946. spruce and balsa.m grew at an average 

".\ Fate of .1.5·7 cuBic teet � acre, in s.nite of the fact that hardwoods, having never 
;r�y " })een cut, were competing under conditions still more favourable to them. 
;����� ; >rhe4eelme :itlnetgrowth from4O.3cubic feetin the second period (1925·36), 
;t�\ ; ,,� 30,,' 6 cubic feet in the t.hird (193646), or from 4·2  per cent to 2 · 3  per cefit,' [; ' a wawWg" atthe nsing morta:lity caUs for}mmediate cutting

bi
to u

f
tilize these 9.'i.\" �� . . .. .  wood �wth: 4t'OP�'� J.f'em ·9·8 t0 6·"4',€u 'c eet; co�· 

11��" '" , tJ.y the culmination point had probably been reached and some deCline 
Cf;i)uld ' be' expected as the forest approached maturity. 

'An1�"'''"'''T to the t:rend in ()th'et types, the r�tes of growf� for sprq<;e and 
"q;�sliI� Comus type' increased after 1936, .from 45 -9 to 58 ·4 cubic ft!et, 

beCauS¢ of'dle :yoUnger age of the stands. The highest growth rate is 
this, the poorest type, bOth in actual increment and percent . .  This 
ano:maly ls trtainly due to greater suppression on richer sites. whereas 

:o;nlpe�tltllon frOm hardwoods is. not a 'serious factor in' the Comus type. 
, . ,,� �",' ' , '. " , ! "  . '  • 

" CotlverselY the hardwood growth rate increaSes as the site becomes richer 
the. . of 8 ·3..cubie feet between 1925 and 1946 is less than a quarter 
ePlTelilj)ondjlng rate for softwoods. In the· Viburnum-Oxa:lis type. alone, the 

h .. l�iI""l'V1oi1.. is slightly greater than that of softwoods; U ·  () to 
. "  .feet) but elsew�re it is cQ1lsiqerably . less. Even in the Oxalis-Cornus 
which is very favourable for yellow birch, the growth rate for hardwoods 

than olie-fifth that of softwoods. This might mcrease considerably if 
1','.;1thE\;m7erma,twre trees were to be removed. However, the growth. rate is so much 

hardwood species in their present condition that the net growth 
species" declirieS in passing from the Cornus through to the Viburnutrt.; 

type. 
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.�ross Atlmlat'Increment 
. . . The periodic' gro�s annual increment, obtained from mortality and' 
illlOremet:lt added togethe�� s�ow� the' total wood groWll withiil the .. period . 
. ther�fore gives a dearer iIldicati()Il of the capacities .vf the. sites than the 
infrerp�nt,.: because it lAinimizes · the fluctuations due .  to .mortatity� . 

. qne. drawhaek is. the . diffi.tulty iri . obtainitrg accurate estim,ates. oi. the mOirta.li 
" . . Th;e testilt�, gi\"en in Table to, s�ow much the �ame ra�tioIls�im; 
i5ite�types} as the net iIl<;.rement� There is a defiuite progresflliQ'Il in o-rL1.nrth; ."after192�. in the Cornus type, and 'the peri� t925�3� wa�, . .on .a¥eril.}te.;;. 

.. the .. most pr�ucfive .fOr all �pedes. The . �imum rate 
. . . . 

. hec iY'as found t.o. be 66· {. cubic. feet.per acre"'in� the ... _'. "-_.M<"" .. 

by 56: 9. cubic f�t itL. the Ox�is-:-Cornus type� ' Hals<11lli 
. •  ��()�inc;:r��ent is�g�r tl1al1 sprllC� jUi t�e lat�er type 0Illl', 

difference IS be:ommg .smaUer as tllA: goes on; 
Excessive m()rtality in ·ba.lSa1l1 "flr ltl the OxaIis4?<:5rnus :uot the . .oniX· reason. fof tit% f�j 1n growth rate after J9�6:. COltfi.p1etitton 

llardw�s and the matupi �g�<t:>f the balsam fir mUi5t 
the, gr9:wt;fl· dudngl�e,�t p!';l;l:ipg� .T�e higher�tate cOu1fii 'Uiine<l an� the increniel1t i:ai� tp ·th.e sameleyel i$ 

/·silVicuI1qt:e. . 

»iametet ... Ag� 'Relati�D:��ip' 
:The'4;otaf age at b;ff�st

'
h�lght,ofon:� or twotrees per "ipt was re�rded 

J:93(j whilF in�remen1; bprtngs w�re' �eingc t�en, and the ages were f� �c�,ili�et� class for §pf;i¢� and �al� firiir all, typef!l; ·The, �ge. . 
'Were pI()tted anfii curves ib·a.wn which appear in Figure 7; and J�.e valyes 
selected di,ametet dassesJread frow the curves, are gIven in Tah1e 11. < . 

As expected, 'the. ages ate quite irregufa:r owing to periods of IPIJlteE.sitJ,n: • .'c 
Howeyer, a fairly dear tre.nd niay ;be. seen ,in the cu�es fQr 
balfilam wl;licll is depen�nt upon the �ite-type and nardwoqd. com�)etJltlC:ln 

The (:o�nus type cYrve,s for ootJi. sp;ruce and balsam ri� gJ-afii.llaU�T\ 
. . thea · more ··�haroly, �� ' s1io�,ing no sigl1s t:>f,' early competition ,l?ut,a 

time to reach a gi'\:ren size Qwillg to the Pvdrersite; the Vihumum,.OxaJis 
,curves on the other · hand, rise. sl1arply .at 'first (hardwoof!l su:�pr�ion) · 
flatten o.ff as diam.eter growth picks .up in the C upper fiiiameter daSse� 6.·idi�E:'ii1V"'''';� 

. sites and ' competition · overtome). 
. . 

. Bal�m fir attamef!l diameters frolll t to 1 . inches tel1 years 
Qxalis-Cornus type than in the Comus or Viburnum-Oxalisc types. 
:l>al�m fit ttees· may gtow.faster in diameter than spruce, .. Fr<:>nr th� mt;�JLlte!�' ., 
'IAents� tJie average S' inch o.b.h. balsam fir tree was oQserVed fo :ae �",.�",.": .. ,,.JV' 

26 . 
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AVERAGE �GE AT BREAST HEIGHT BY SITE TYPES 

RED SPRUCE 
Co T - --- 49 Trees 
O-Co T- - - - - 191 
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BALSAM FIR 
29 Trees 
229 

Vi-OT -. -, .- 43 

10 12 14 





,.."c _..,�",,,,· bal�lll ·fir is' Ulore tha.n 7� yean;I. �Pr�c� 

nds'Qf;'h�$�rliir;'119VIre\' rer;,' do not neceSSarily grow fas ter tltan 
q.llteS1:iOllS the ultiUlate value of faster growth 

.. �!l�.ball�n<tiir. �ecause the;· offset by .SIllaUer cellulose content, pest 
wind breakage. -O�Etain sites however, found to ne 

'SpteclE:8, can·be ·  very. productive, . such as the OxaJis-Cotnus 

verY . .  extensive in balsam. fir and a relationship with· site suggests 
.· . . �ilJll>etiti(.n is aAactor. If this is the case SOUle irnproveUlent could be 

; ��'t\Un¢Q throllgtl tl�lllnitlgs and frequent cutting to eliUlinate those periods of 
{$tl�iJ,atiQllF w1li(:b E�VI(lentIY leave the trees Ulore susceptible. Butt rot in baJsaUl 

associatea with lime �ntent in the soil. More .liUle was 
. ip.

.
S()il . . ... 

' frolll Lake Edward than· in the Adirondacks (3), apd 
the . ctlntent is greaterin th'e soils of richer sites (4), which is another possible 
reaS()n;fbri·tlt�· high incidei1ce. 

. 

. Att�rn�ts to estiUlate. the . �cut'r'ence of rot and defect were Ulade at the 
. ; thne of J)lot UleaSureUlent in 1936 and 1946. One Ulethod was to sound the 

;�;*;;< ;: ��ruce and, PaJs� trees .lor btJtt rot by tapping with an axe; another Ulethod 
3';::), was t;o, note.tb<>se. trees with serious visual defect. The results of both Ulethods • ���;�� �ri¢d C'i!\�u��!tlk}n .1�ared· nearlY tb�e �Ulei the average voluUles of all the 

.•.• It'� �. talJ;icu �llg 1,,9 .� . J50 cr,t �c .• eet per acre respecthrely. Many of 
".F· ' · .t;:ll�. �ees.W0.1d (}f�u1'$e still oo .utilized (!Xcept for a short length of butt. ��z'�ec, . i\ljpU� ij�f;' Q1't,cua: ' e J>L1S c;uQj<;. f�t per acre, should cover the loss in t�jl:;", i lTolume fi-onl. flll1s . 
it' . ... . ·'fh� :sake·;t�l����ijJs "erefouild in t946 as in the previous period. Butt 
;i': <. rQt:j��se� aS tlte �i� �tnJ)r()V� and ·the percentage of occurrence is twice as :.�,: ... i,;,'.� .•. ' .. j .. i · .F:t eat i!&.t.���fir ast:}n ISP��;' '�1 increfiase wh�shnotedhin .thede C

h
o and O-�o 

. :ypes �i er. ""��f par lcU' ar,,y 1.n ,t:J<t. sam .  r, w IC emp aSlZ t e necessIty 
i!;: i: .;;ro� tu�ti�g. as �n :as . possible. 

. 

at present d� not contribute ." very Ulucb to the growth 
... L. •• ·£_.�_ .. L l$ Ulature, uneven.agea and obviously quite well stocked� 

..... 1Hf • .,.cr in Pr'ospect tpere seeUled to be little advantage in changing 
sto¢k�� quadrat, or J)resent standard . method" until at . least the nrst 

i�'llITj"'mj"nr aft�r' cutting; <A i simHar seedJing . count was made therefore in 
(j·of;�ttSJpec:ieS' lessthai:i O.i(tinch· d.b�h; on a rod square (16� feet) sub·ploti 

�CL'�_'"' an average, nUUlber per' acre without regard to distribution. 
'fh� nuwb"er Qf saplings one to three. inches taken from the stand tables i,he years 19t5 and i946 are .given, in Table' 13. 

. 

.' . . Seedlbtg mor:tru;ity and replacement gues bn in cydes until a break occurs 
ih: the overnead canopy; then advance growth of red spruce, sugar maple and 
i iy:etI�w birch. develops rapidly. Afterwards, however, or if the openings are 
i Very large, oalsaUl fir, white bircb and pin cherry seed in and Ulay become 

nume:rOtls on tl,.e jXlOrer sites. Mountain Ulapie and striped UlapJe COUle in 
�h� t�dlel" sites under sirnilar c()nditionsi 



CoT O�CoT 

Spruce . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . 352 344 
l,lalsam . . , . . .  . . . . . . . . .. . . . . . . .  . . . . . . 342 1,275 

I---��--·----·I-------�--�-----����� 
TotaL . . . . . . . . . . . . . . . . . 694 1,619 

Other Softwoods . . . . . : . . . .  . . . . . . . . . .  . 10] 67 

All Softw<:>O<ls . . . . . . . . . :. . . .  . .  . . . . .  . . 801 1,686 Whi�Bit7ch. , .. .. .. .. . .. , . . . .  . .. .. . 42 11 
YelJ9w Birch. . .. . . . .. . . . . . . . . . . . . .  8 �f::d Maple . .. . . . . .. . .. . . . . . .. . . .. . . . . 24 11 
Sugar Maple . . . . ' ,' . . . . . . . . . . .  ; . . . . .  , 15 
Others .. . .. . . . . ' .' . . . .  . . .. .. . . . . . . .  1 1  

. Total '. ' "  . . . .  . .  . .  ..  . .  . .  66 56 
All Species . . . .. . . . . . . .  : . .  . .. . . .  . .. . . 867 1,742 

StJruce . . . . .. . .. . . . . . . . . , . . . . . • . . . . . . .  

Balsam . . . . . . . . . . . . . . . . . • . . . . . . . . . . .  

. Total . . . . • . . . . . . . . . . . . .  

Other Softwoods . . . . . . . . . . . . . . . . . . . .  . 

1946 

272 
2,260 

2,$32 
113 

321 
2,276 

2,597 
102 

1,201 
4 

63 
75 65.7 
19 

----·�:--�. --�I'----���� 
All �ft\Voods . . . . . . . . . . . . . . . .  ' . . . . . .  . 

White Birch . . . . . . , . . . . . . . . . . . . . . . . . 

Yellow Bircl) . . . . . . . . . . . . . . • ' . . . . . . . . Red :Maple: . . .. .  " . . . . . . . . . . . . . . . . . . S�rMaple . . . . . . . . . . . . . . . . . . . . . . .  . 
··Ot · ers . . . . . .. . . . . . . . . . . . . . . . . . .. . . . .  . 

Total . . . . . . . . . . . . . . . . . . 
AIFSpecies . .. . . . . . . . . . . . . . . . . .  , . . . . . 

2,645 
28 

19 

1---·--.,-1 
47 

2 ,692 

2,699: 
25 .  
62 

137 
65. 
13 

J02 

3,001 

Results; of/the seedlings counts are consistent with the . site-types. 
m�st;important difference between 1946 and . 1936 is the very large i"'·r"".':'''' 

�Jl\ t�� m.l�bers oJ balsa$ :tir �lings in the· Comus and O�lis-Cornu$ 
A .correl)I>()Qding decre�se of balSartl fir in tlle ' Viburnum-Oxalis type . is 
t tpade Ul\Jor by .s�a�· m�ple ; �nd� t«� totals of "all spefi�(' ·a,r�'� •.. <;;IQn�itlj;;�'. $ore tnan . thpse of J 936, which IS to be expected consIdenng • 

ced state of.deteriorfltion of the main stand. 

. �pruce s�edli1,1gs alorif,! �urvi¥� tltt:'oughout all thr�e types in aoout the 
numbers, 250 to 320 per acre, waite oalsam)i'r varies from 50.0 to 2,300. 'h"itl�",> 
and hanhvOods suppress coniferoils seedlings particularly in the Vi-O 
and baJsam fir may d() likewise for a while in .the Co type, but neither � � ·  .. ; ... �I .. 
prev�llt spruee·r�eneration. 

. 

Spruce shows more tenacity after: the seedling stage. The variation. in the 
nilmbers of sprUce saplings,. one to three incI,es d.b.h., among site-types is soll'le
what . larger than it is for seedlings but the numbf,!rs in 194:6 compare fairly well 
with balsam fir, an average of 173 spruce to 251 balsam fir .. That is, .spruee 
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'I'ABLE 13 
Numher of Saplin�s per' Acre, !"-3" d.h.h. 

J 1925 

CoT O-CoT Vi-OT Average 
,..-c-.:.;,-----�-.------ !----- ------\----- \-----

419 
534 

247 
3 70 

132 
103 

240 
330 

----. ----- ----- -1 -----

953 
83 

617 235 
67 10 

570 
56 

. �,..;__:_'_-'-----�c_:__---�----!---- ---- 1 ---· 
1,036 

10 
156 

684 245 
39 46 
90 67 

626 
37 
92 

-------_. --. --- ----- ---_. _---

166 
1,202 

194(, 

129 
813 

113 
358 

129 
755 

Spruce . . . . . . . • . .  .. . . . .  . . .  . .  . . .  .. . .  . 364 155 136 1 73 Balsam . . , . . . . . . . . . . . . . . .  " . . . . . . . . . 618 258 46 251 
--___ -'--- i --

Total . . . .  . . . . . . . . . . . . . . 982 413 182 424 
Ot;het Softwoods.. . . . . .  . . .  . . .  . . . .  . . . . . 8.1 32 30 

-'----'--- ---- ------ 1 -----

AIf �ftwoods.. . . .  . . . . . . . . . . . • . . .  . . . 1,063 445 182 454 ¥ell.ow Birch . . . . . . . . . . . . .  : . , . . . . . . . . 6 17 18 16 
Other Hardwoods . . . . . . . . . . . . . , .  . . . . . 90 53 99 67 -�'C�--:------:-----..,.---.,.,.....+----,-----,- ------ ---- ------AllHai-<!�?Ods . . . . .  " . . . . . . . .. . . . . . .  ' 96 70 1 17 83 AIl Spe<;les . . . . . . . . . . . . . ; . . . . . . . . . . . . 1,159 515 299 537 

. 

comprises 41 per cent of the saplings, compared to only 15 per cent of the seedlings. 
Tllm� balSam fir loses its early advantage as time goes on provided the forest . 
retains its natural state. 

NoyeUow birch or :mgar maple were tallied in the Comus type in 1936 or 
in 1946. These species enter the O-Co type with about 60 per acre ; yellow birch 
incr.eases to 150 and sugar maple to 1 ,300 per acre in the Vi-O type. The seedlings 
are therefore very g()()d inqicators of site and a .very useful supplement to the �··. ground vegetation in site identification. 

���� t�; .... C�ttingi Operations 1950 
iA -�, _,-' "c . ..• . The last survey, made in J946, dearly showed that the forest was read.y 
!\ �.)·to cut. Rate of growth was still high ; but much of the balsam fir had reached 
· · < �aturity, . and an unduly 

. 
large qUilntity had blown down, or broken off as a 

' resuft of butt rot. Many spruce had reached a very large size and were ready 
. 'for harvesting. Furthermore, the budworm was present on the balsam fir
fortunately with little further damage. The birch was . affected by die-back, 
thougli this too haa apparentfy been arrested. Obviously it was time to start 
,Cutting to avoid wasting a large quantity of valuable timber by negle<;:t. 

Accordingly, arrangements were made with the Consolidated Paper Corpor
ation to start a cutting experiment in accord with silvicultural principles, and 

. <>'f. imlIlediate practical value. Although it was against Corporation policy to 

. s¢U softwood stumpage, and even though .the area w01,!ld rtot have been reached 
" "- ,v ," " " " ," ' "  , 
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"!n the r�uh,r cutting progr;m f9r; at least atwtllt�r lOyears" a nairt�H I"n1": 
w�s.ana narowOO(is wasa.greed upon. The result;so'f the'''ft'''r''''1·n.� 
tne cutting experim(mt soowoo that if one-third of the volume of 
removoo, the rate of growth was 'high enough to restore it in 25 or 
other woros, what was cut now would be restoroo iJl the time it 
reach the area.as Originally · pl'annoo. 

. . The cutting system was to cut heavily in balsam fir and . favotlr'the 
spruce. AU harowOOds suitable for the market were to be cut too. In 
the jrst year of operation, . control was establi�hoo by diameter lintits 
stump f)f 14 inches for spruce and 10 inches for balsam. " Examination the 
ing<summer shf)w«l too much spruce being cut and not enough baJlsal(l\ 
the limits were chatlgoo .to t6 inche!! and 8 inches respectively. which ala�rcut. The average volume above the 14.-: and l(}.inch limits was 
at �5() .. pu�k. f�t per acre; above. the 1()- and S.:.inch limits, 517 pubic 
dianw�r l�mit for yellow bitch was also set at Hi inches; other ha· j rdvIT()(lds 
be cut without restrlcrlon. 

The average of the first three years operations gave a cut of 
710 'cubic feet (coJlvertoo to. total volume from scaling .returns) 

. balsam per acre--equal to about 90 per cent of · the volume increment; 
l��S atld 1950. This compares with 492 and 277 cubic feet (men::hantable 
removed in 1890 and 1910 respectively, the total being 769 cubic 
di$Crepancy between the estimate and the actual cut is believed .to· 
the additional amount cut in roads and landings; also to the fact .that 
part of the area has been: cut. The yield will undoupt;OOly faU off as 
extelJd to the. ea£>t shore of the lake where the timber volumes are 
lowerithan .average. 

H9wever, the cutting is spread more uniformly over the area 
in };r.l.t�hes as before. 

. 
Therefore recovery · and growth should. be 

without the heavy .inortalit)' from overmature trees: It seems reaLSOI),q 
ex.�f fn,at the voltune now being cut will be replacoo during the next 
Jll. the me�tillle, each yeat's cut is beiJlg �heckoo, the area mapped. 
lihe .. }}Iots �within tbe.area tallied. . 

Table 14 shows the vqlu�� in each type. 

TABLE 14 
Estimated Volum� beJ�re Gutting. 1.950 

Total Cubic Feet per Acre . 

CoT O-CoT Vi-OT 
-----

Spruce and FiL : . . . , . " "'  '; . . . " ' , " ' 2,170 1,785 783 
Other SQ.ftwoodS . . . .  , . .  , , . , • ' . , • . . . .  , 200 137 

'AlfSoftwoods" , , ' "  , , ,  . .. , " " " . . ' 2,370 1,922 783 
Yellow BirclL . . . .  ' . . ' . . . . ' . .  ". , , , , , , 81 806 1;803 

. Other Haniwoods . . . .  , , , . . . .  ' . , , , , , , , 208 ·''250 575 

All Ha.rdwoods. " ' " " " " " " " " , . 289 1,056 2,378 
All Species . . . . .  , . . . , . , , , . , ; . . ' , . . . . , 2,659 2�978 3,161 

N;B . .,-These ngures are derived from the 1946 survey adjusted for 4 years' additional " aHbe saJIie rate asin the period 1936-46 . .  
" , 
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Cu; ft. per acre 

QperatlOn is in order now;. a report wiU f<:>Haw 
l'n'�··11,ln1'.<: have been remeasured. 

. 

' w;l1ich the ;cutti9:g cyclt1 bas been divided 
i<l.(Mj�erjtstics •. · a qecreme�.t in .. this first oWing >to heavy 

SeCpllcl after the thl,:ifty young trees were 
third as .balsam fir reached maturity and 

el'Ilter��e from the data whkh pqrtray these 
.... +" .. "" . . ,,"' ..... "" ·nh" "'A·�'" overdue; therefor� a cycle of 30 

spruce .and baI$am. regenerate richest sites in spite of hardwood 

it appea�s an�fu�us Hlat the growth ' of · spruce 
'
and balsam slows 

T·n;,,, ,,,,,r." impr.oves, both in volume and in per cent. Actually It mnst be 
competition with hardwoods because. the best tree specimens 

olf the richest sites; Naturally these sites invite a Jarger 'number 
VHlrli>T'V ofcompetlt<:>rs, and possession is the result of conflict from the very 

'e<Jtrlloest stages in regeneration. AlsO the. net periodic growth rate of spruce and 
f t1CU�UU, • ",,,'-lJ"'� a maximum of 5,8 cubic feet per acre per annum in one type, 

impression of growth. unless evaluated with the average 
types for the . whole cycle, in this case only 18 · 5  cubic feet. 
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periodic rat� is !lefinitely short term: Therefore greater weight attaches 
avet1lge if a large ar�a is invqlved, and for a longer time. 

As a result of the different reactions of th� site-types'to .disturbance, certain 
rec9lptnendati6ns. for ctittinKare possible which, it is believed, will tip the balance 

... in·f.ivour (}f the tnos� desirable sp�cies:--::spruce, balsam and yellow birch. ' 
" . .  :}�� Corll�s type, as previously . de&crib�d, is mqstly r.ed spruce, frequently wit�'tDftk bals<;lm fir- reproduction. . which often . develops rather poorly. There 
is s�tne;white .bi,rch but practically H.O tolerant hardwoods, and in spite of being 

,>the: �r�dn absolute: site quality; it produces the highest yields of softwood. ;�� •• c :A:s li't�l� d'atlg�r .of invasion ,by. tolerant hardwoods or shrl).bs · exists, balsam fir 
\1"; ' t()ul"" b� �Iear-cut <;lnd �ruce couJd be safely tut to somewhat lower diameter 

l�f·�( .Ji1l1J.I �tW,. l;lfpr�s�nt, p�haps 10 inches or 12 inches, instead of 16 inches. 
·" · Ho.w�v�; caQme shaclemust be ret<;lilled to prevent white birch and cherry from 
' ·h , plling;.ifi: 1arge OPet1ings. ' , 

�k� ��lis:,(:c.)mus .  type, . occupying undulating . ground, and moderate 
' ppotJ;S go.ocLgrowth of spruce; lir and yeUowbirch and on the whole 

. . ' • . •  tq favour . .softwoods: Balsatn fir finds optimum' conditions, 
" ' �so attains large si�e with good form: This type:offers far the 
s for intensive silviculture ; conversely, unrestricted logging may 

harrp.. As competition is.keen between various types of vegebttion, 
in . . " . .. .. . ' .  oods <;lnd hardwoods, changes can 'be effected l?y proper mea�ures. 
for !�tallfe, if too large openings were made .the forest wquld .4egenerate . into 
,shtubSf cb�ry '.and . . sortle.·.white . birch, .. and th�e would be ··inte,rs�sed. with 
patct!�s :�f d�dent y�Uow· birch prqviding .shade but . also sUPpFessing other 
Y()��f and tn0re Vll.luahle tre�& und�rne:ath. Cover . 18 ne�essary for �pruce 
a . · irch .reg-�neratiP1i. Spruce �hoUld be cut sparingly �lld aUowed to 

, rea . si?e: .�th �{)rgrowth and. for seed product!on, .<;lnd there 
. sh .. . . .. .. . . , . . .' �\V9 rotatioiis dfbalsa1l1 'fir to one of spruce. ' The richest 

'� : Qf't�e .t¥l!e lire mor�i�cIiIl€1d t9 h.a�(jwoods, the poorer W sOftwoods . 
. ' Am\irn.,,�li$ type is d.efirute1y more . favourableJor ha,rd}Voods 

'. u�'G�ll1petes st1ccessfuUy With th� yellow birch, maple <iIldl?eech . 

. ' l\S n�meric<rllY strong in.this type alla itsbeavy regenerl;ltion 
ef .J:)l79bably hinder .t.1te establishment. of . other spe�ies. On 

., :Whell the. s.pruc� .. al1<i tl}� oc:;caf5ism,al ba1sam dO,break �hrou�h 

t;� �i�_ ;V 

they may prodnce ' the finest and tafle:st spec1tnens found m 
we is more rapid, and ability to recover froin long petiods of 
l,lore marl.<:ed. Thl'ifty young spruce should be preser:ved because 
19>9roW witb. undiminished vigour up to at least 25 inches and 
ng :30p ye:ars. Scarification onhe ground is thought to be desirable 

duction of spruce and yellow birch but autumn togging might 
t!l .. �oll1e extent, the same result . . Balsam fir could be clear,cut because 
r.t life -a,nd Inability to ,withstand prolonged suppression: 

;f \", '  i'fi:t/ 

relation�hips �twee� sPruce and balsam are brought out clearly by �;} . �he/sit�fy�s;.. Th� intimate 'association of these ' species in . the forest and the 
rela · .:u�fulness qf their wood products; whether as pulpwood Of: iutJiber, 

.ten 
. 

le�en the imp<;>rt?uce of making the distinction. In . the boreaH9rest, 
s1l1�lter tFe:es. slower growth, absence oi red spruce and of hardwoQd competition 
so�wha,t ()bsc:ure the .a:dvantages of spru�e, b,ut failure to . appreciate them in 
the tolerant: hardwood zone win give poor results. Spruce is the most stable 
species, which is a point worth ' noting when cutting is being planned. 

On the other hand balsam fir deteriomtes through successive blow-down 
and. insect . attacks, especially when deprived of support from other species. 
After widespread clear-cutting or too low diameter li1iJ)ts, and especially when 

., . SP!;IJ.�I:Z a,tld halsam are. cut to the. same limit, balsam fir will becotne numerous. 
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of near m1:tturity, spru� is approaching its pedodof best 
'"" .... , .. "'� data collected, it would seem that the rotation age for' 

less than 60 years" nOr less than 1 20 for spruce. 
t�stantJo decay� insect attack, and blow-down, spruce 

f';;!'1,s.ji-f(;i\b,li;r-;" fa�t r<l,te ,of growth: up to a very great age: , For example. 
inches in diameter, 90 feet' high, and 2S0 years of age, 

U"",,JAC ... <> type,'had most of.its diameter growth added after 
P-p,:to that time it had grown under suppression, to only 

• (l1atl'�et1er This is , not ex,ceptiona1. . " 

produce higher yields than spruce if cut frequently enough 
Balsam fir growing stock in the Oxalis-Cornus type at 

PTf";tt:f�r, than sprllce but th,e m�rgin had shrunk considerably , 
spruce considerably increased its lead, S(} that 't]l,e 

oe<:alIJle neax1y the l38-me for both species. There is 
co ...... ,,·"" vnnlm,e wOtt1d exceed " balsam fir in , a very few years 

if thtdor:est remained free from cutting ()r other 
Uf,i>l:>r'i,,,,,llrI, 's conclusions (8} are much the same f'Or similar 

a:nnp:�a.rR .qecidled.ly more favourable f�r softwoods than for hard ... 
bUrntlln.Ol�a1iis"type. because th�y'grow faster and invade 

"," " dl,'''' ��ni. The" ,future ofyeUow birch issomewhat 
q,c1Botmt gf'.<Jil<:>or ieproduction and pOssibly competition from sugar 

;:ltlth(}n�;tl: �C)ttwoo,d groW:th.rateis falling 'off because of increa:siilg 

��'!�]�����;!���14���[��a�!iw100(i suppr�ion> is' . knoWn ," now to be' less formi-
with' hardwood cutting in progress the effects' 

. fnture; . ,Netgrowtli may be Slow for the·first 10 years, 
rr-�'-'. -'r sharply . and Perh�,M exceed anytJiing in the past. 

"�vid4en1;ly necess�ry t{) sec,ure reproduction of sptuc� and yellow 
:,'g\t<;,\l'; .. t:,;p�ftfE�t.$..·WlJYc�:V€�l'ltu�J�I� l'eproGqce in the Col'uus type regardless of what 

tel!)rO�u4�tl(n1.,lS hastette<i' if . weed speci�; can be kept out. Still 
Sfll"UOS. clierry" whIte birch and red maple can be foreseen 

.f4EN "".d' after dear .cutting; and� even'  under . favour�ble condi-
. n;um"eNus than spruce, sometinies in thickets. 

. are. par#cula.rl}l;lmpox:tant fn.the Viburnum
sca,rincation or sornesort, of trt!atmellt to bring 

and ,every aspect underlines the fact that adequate 
be. maIntained. a,t aU times. 

\ �. 

,t<Y,·).:y'· ;·;j:;,I!;p' �llat;;�xt<'�nt ba the solved the ptoblems set forth at the time of . area? Naturally not entirely, but two ques-

. ,  . 
c �t:;;�;�'l�:�(f-;;; th� p,rQ<iuction of spr:uce,' the most valuable sp=cies at pr:esen t 

c at least we- wontd like tq r:estore it to its former position in the 
done.? '  

• 

r�;enE£i'.a'nfJfn . . is mnch slower dian balsam fir after cutting, but the 
O logging;

.
bad as they seemed at the time, were actually 

longrun. EVidentiy therefore spruce restoration is �ssured if· 
i" :ltfi(j,Uj�h:s��laeI iss leftfQi- flie re{lroauction; ancHC the smaller though merchantable 

SJ)l7Uoc •. tt'eeS}up to lP or 12 inches in' diameter are left standing. 
. .. 

Agatn, Wr;ightin,1921 asks:* 
. 

, . 
we expect another: .crop on' cut over: lands, and what factor:s influence 

$equir:ed to get it ? 
. 



After cutting to the regulation diameter limits (spruce 10 inches, 
7 inches), a return cut was obtained on 70 per cent of the area 
and cutting could have started some ten years sooner. The factors 
interval between cuts are, in the long run, economic, but greater yield and 
quality are incentives for frequent light cuts on the right sites. Short 
cycles become more practical as the market for wood improves and as 
are extended into the forest. 

Finally, while the immediate objective was to obtain information on 
eration after cutting, it was hoped that the results could ultimately 
a change-over from "extractive" to "reproductive" forestry far 
borders of the experimental area. The "way is now open to apply these 
more widely. 

CONCLUSIONS 
Observations in the field, and study of the data taken in the three llne-J;!lQcli+" 

surveys extending over a period of nearly 40 years, lead to the following 
dusions : 

1 .  Ground cover indicator' species proved effective i n  (lltter'entIa,tlflg 
types. The correlations found in the 1936 survey with respect to 
increment, regeneration, species distribution, height growth, 
were fully .supported .by the additional data of 1946. The " ",.r ... ".n, 
of the forest in each site-type is now sufficiently well known to 
the choice of cutting method. 

2. Sprrtce and balsam have regenerated well enough in the 40 years 
the first pulpwood cutting (diameter limits, 10 inches and 7 
respectively) to produce a larger growing stock than ever 
second cut using higher diameter limits began in 1950. Heavy 
1S not likely to be repeated. following tbe present cut as ·most of 
balsam fir is being taken · out. Yet, even though· some loss should 
the shading so provided during those early critical years would 
shrubs and thus assist the new stand to become established: 

3.  The growth rate for spruce and balsam was, on the average, four 
that of hatdwoods during tbe peripd for which data 
46). Hardwoods would likely be stimulatedin the 
where their growth rate equals that of softwoods, if hardwood ' 
were carried out at the same time . .  This type covers 20 per 
the area and is one type (of the three main ones) where hatd 
predominate in volume. 

4. To obtain maximum yields, cutting should take place at least 
30 years, not 40 years as at present ; and there should be two ULcl.L �Ul'l"" 
of balsam fir to one of spruce. Balsam fir should be cut at 60 to 80 
�l age, and spruce at 120 to 160 years, with variations according. to 

5. Spruce is steadily increasing, with a rising growth rate and dlImrnstllug 
mortality, whereas mature balsam fir is breaking up rapidly. ·",;  

6. The hardwood forest is  deteriorating slowly. The great' age to Whi�li 
yellow: birch and maple can attain results in a persistent populilt�qtt 
of defective trees of little or no commercial value. Silvicultural measur�s . 1;r�", 
would speed their removal to advantage. Logging . .  unfortunately ·· · ·· . 
removes only the best, though it does leave a considerable amount of 
crown cover, whose openings should provide opportunity for advance 
growth to develop. There is still a field for girdling if fuelwood ctittiu� 
is uneconomical. 
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1. Repr�ductiqn of spruce. ba1sam fir, yellow bitch and maple is satis
faCtory tinder the overhead canopy. especially when it thins out natu
ralty, Ha;rdwoods ()utn�mber spruce and balsam only on the hardwood 
sites. Competition on most of the area is between desirable species 
and the underbrush , rather than · between conifers and hardwoods. 

8. The potential growth rate of the forest is high enough to warrant more 
intensive silviculture, and · this possibility has been greatly extended 
by the recent increase in value of hardwoods. 

SUMMARY 
The. Lake Edward Experimental .'\rea, five square miles in area, was estab-

lished iv. 1918. It is situated �me 15 miles northwest of Grand'Mere, Quebec 
and six miles west of the St, Maurice River, on the limits of the former Laurentide 
Pulp and Paper Company, now part of th¢ Consolidated Paper Corporation. 
It is in the Great Lakes-.,..St. Lawrence forestregion and is typical of the southern 
fqrest whi:ch supplies a great deal of pulpwood in addition to most of the sawlogs 
!lti<'l hardwood cut in the province, The purpose of establishment was to study 
growth after cutting Jor · pulpw90d. ) 

Spruce and pine sawlogs were cut about 1890. and pulpwood about 1910 
and l?:U. Th9ugh balsam fir has always been used for pulpwood, the mills 
wOl.du not at first accept more than 75 per cent of it in total pulpwood offered. 
MQch merchantable wood, therefore, · a:bove the regulation diameter limits 
tp.en in ferce (sprllce 1O inches, bals.am fir 1 inches) was left uncut. 

Aconsiderable amount.  of experimental work was done between 1918 and 
192K: girdling. hardwoods to release conif.ers, seed-bed treatment, thinnings, and 
release tuttings . . The effects of treatment were followed through the estab-
.Hshment. and remeasurement of some 50 permanent sample plots. 

It was mOst urgent to�iscover how long it wO!lld take for spruce and balsam 
tp regenera�e aJter cutting, and whether silvicultural treatment was required 
to reStore those species to. their former place in the stand. The prospects appeared 
very l1ttpromising for a retum cut within a reasonable time because hardwoods 
and underbrush. undisturbed by cutting, threatened to choke out the softwoods . 

. Accordingly, a growth study was begun in 1924. Two years later some 
.300 fifth.,acre plots had been laid out. For various reasons these were replaced 
in 1936 with a grid of tenth-acre plots. These were remeasured in 1946, and 
will c�ntinue to be used in the future . 

. The site-type classification was introduced in 1936 ; an the data taken 
bef.ore and after that date were worked up on the basis of the three types covering 

than, 9Q per cerit of the area : Corn us (softwood) 19 per cent. Oxalis-Cornus 
t-:hardwood) 62 per cent, and Viburnum-Oxalis (hard-softwood) 20 per cent. 

These site .. types divide off the hardwood sites from those which are more favour., 
a:ble to conifers.· The correlations among these types are dealt with by Sisam 
(1) and Ray (6). 

' Frolll a period of slow growth and heavy mortality between 1910 and 1925, 
the forest entered upon a period of very rapid growth which continued until 
1946. Exact figures for the residual volume of the stand in 1910 are not available ; 
but in 1925, the volume of spruce and balsam, averaged for the three types, 
was 136 cubic feet per acre (1 inch and up, total volumes). The volume increased 
to 1 ,l1S cubic feet in 1936, and to 1 ,484 cubic feet in 1946, or twice what it 
�as in 1925� � Corresponding increase in volume of all hardwoods has only been 
from 1,01')0 'cubic feet in 1925 to 1,233 cubic feet in 1946. 
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iNDICATOR VALUE OF , THE VEGETATION 

Heimburger stated as follows: 
The occurrence arid degree of cover of the main' plants of the ground 

is representl!d JlTaphfcaUy ill Fig. 1. The plants are in each group arranged 
t() .theil,' increasi� qemands �pon the quality of site, much in the same manl]. 
fornier study (Heimburger, 1934). As the .yegew.tioti was analysed by 
Rau�aer ring on . all the sample areas compri;>ing the presen t study, the· 
dil,'ectiy compal;"able than in former work. Because the material obtained so 
too in;l<lequate f()r a regional representation?! the site requirements of the 
their order i1]. the graph cal1nothe taken as. final, The. main trends, however, 
cleal;"ly, �hd are almbstidentical with those of the western type series of the . ' 

lllithe m.rln species of the ground vegetation can be subdivide<! into. four groups, 
(I) indicatOrs of�r.softwood.producing sites, (2)' those occurring mainly . 

rid� sites, (3) indicator� of rich; hardwood site!l, and (4) species occurring 
equal �bundance and degree �f cover on . all the sites, and therefore poor 
!lite within the material. sampled. [Table 16] 

.lf�imburger's estimates of cover were transformed .by Dr. 
iritd tota{ estimat�, which is . a comprehensive rating of cover and 
by Braun-Blanquet (19'32). This �as accomplished by consideration ' . bmget' s. figur� cip.d .of . personal observation�,of this character of the 
at<l,.ake Edw<i\rd; Th¢ accompanying chatt (Figure 8) includes 
of · the same plants. By this is meant the grouping · of the plants ' "w:lleffie 
species �tand close together in mass forillation and thus cover the 

. � patches or are wholly isolated and stand scattered. am<:>ng each 
motley mixture". 

, 'The c@flsideration of both total estimate and sociability enables 
imagine more dearly hOw the various site-types ap�ar in the field and 
tutes a good check for one who has to apply the technique. 

' 
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Soc;iobility 
(Horizontal Scalel 

I Growing' singl, 
2 Grouped or in tufts 
3 In groups or small patches 
4 In,smoll cOlonieS, extensive 

potches' or fo,mi1l9 corpet 
tn Oi'e9h� OqtUf • 
.popldotioll$ , 



. " 

Inclica,tots ',' of poor s!teS 
Musses .,4,na, He,patics 
Ba.zaa,�a· 

tribolata 
Hyloconium 

splendens 
Hypnum 

schreberi 

Pteridophytes 

Herbs 
Coptis 

groenlandica 

Cornus 
canadensis 

D'UlarJ�shrubs 
ChiojIenes 

hl,spidula 
Kalmia 

angustifolia 
Vaccinium 

canadense 

Shrubs 
lllemopanthus 
' mucronata 

Tree seedlings 
Betula 

papyrifera 
Picea. 

mariana 

Sorbus 
americana 

i 
" 

TABLE 16 
Indicator Value of Single Species V '  

C ' 

IndicatQrs of Indicators Poor indicators . �ooium rich sites of rich sites ' of site 

, 

Brachythecium 
spp. 

Lycopodium Thelypteris 
lucidulum spinulosa 

Aralia ,Mooeoia Aster 
nudicaulis virginiana acuminatus 

Oxalis Smilacina Clintonia 
montana racemosa borealis 

Trientalis Streptopus Goodyera 
borealis roseus repens 

Trillium MaiantheulUm 
cernuum canadense 

Viola Mdnotropa 
incognita uniflora 

R,ubus 
);)ubescens 

Trillium 
undulatum 

'" 

Linnaea Taxus 
borealis canadensis 

". 

Corylu!! . Acer 
cornuta spicatum 

Viburnum Lonicera 
lantanoides canadensis 

. 

Betula Acer Abies 
lutea pensylvanicum balsamea 

Acer Acer 
saccharum rubrum 

Picea rubra 
Fagus 

' grandifolia 
Thuja 

occidentalis 
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APPENDIX II 
Stand and Stock Tables 

�@JC� �4ward F6rest Expenmental Area ..:... 1925 and 1946 * 



·...;......;,--"'-- --�-h ,rspg����il . . . .  . I " 1 ,  

10 +  
Total 

232 ,() 
120.'6, 

' 67'0 

. $36·0. ·' 141-6 
51;3 

419 - 6 1 534 · � � 

32 · 8  
2 1 ' 2 
21 �() 
13 - 1  
8 · 4  
4 · 8  

161 · 3 
, 1 ·96 

- 52 
-86 
·34 
· 52 
· 34 

· 17 

4 · 7  

525 

33 - 6  
26·8 
15-2 
10·9 
5 · 2 
2 '2 

. 87·3 
·{)9 
·52 
.- 17 

1 -4. 
623 

188-6 
2 - 59 1 · 64 , 
1 -03 

·34 
· 52 
- 34 

- 17 

6-6 
1.148 

� ' 4 ,3 '  
. 2 · 2  

1 ·1 
3 '3 
1·6  
\ .J 

�uillbel' Or�ee8 
617-1 
286 ·5 
181 ·9 

3 -g6 
1 -38 
I - 55 .(}8 

-86 
-51 
- 17 

· 17 

-' -

9., 7  
5· 9 
2 · 8  
2 -6 

- .3 ·5 
21 ·8 

� 
.69 
·52 
· 52 
· 52 -52 I 
- 34 

- 17 

3 , 3  

, 1,248 . 174 
�_j . Vol_due. 1 .. Cnb.lc Feet 

3 -4 
4-.8 
2 - 1  

'10 -3 
2,1 -5  

·9 
-5 �2 " 1 - 2  

· 3  
-7 

4 -4 

· 17 

· 52 

- 7  
15 5 



-4li -4li ;4.1 �3� f39 
-09 - 09 
-09 
-04 
�04 

·02 

6 - 1.4 
2-99 
2-06 l -n -92 

-.57 -1$ - 13 
' · 11 
-08 
· 04  

2 -'24 
1 ''1)>> 
11- 1,2 
1-36 HI'l 
1 ·27 
1 - 20 

·84 
· 72. -54 ;36 
·43 
·41 
· 24 
· is 
- 09 
-09 -07 
-02 
·04 
·02 



TABLE 19' 

D_B�H_ 
Class Spruce 

1 
2 
3 

1-3 

4 
5 
6 
7 
S 
9 

4-9 

10 
1 1  
1 2  

(.It 13 <::> 14 
15 
16 · 08 
17 · 08 
18 
19 
20 · 15 I 
21 
22 -08 
23 
24 
25 
26 
28 
29 
31 
32 

" ' tkKk'EjW�t1;�*'�RIMENTAt;'AaEA"':; t97t5 
STAND i\8D·' S1'6CK TABLE. PEIt ACRE 

VlBURNtrM�.oXALI$ TVPE 

-08 
- 23 

-46 - 08 
"08 

·08 

- IS 
·08 

Total 
Softwoods 

2 - 08 
1 ' 15 

· 54  
-08 
- 08 

- IS 
- 08 

White 
BIrch 

-23 1 - 08 

- 15 

- 08 

3 - 77 1 - 46 1 - 16 6 - 62 
3 - 23 -85 -23 4-39 
2 -84 1 - 38 · 62 5·07 
3 · 00 1 · 00 · 38 4· 46 
3 - 00 1 · 08 - 23 4 · 39 
2 · 08 · 85 - 08 3 . 16 
2 - 00 · 69 ·23 3 · 07 
2-16 - 62 -08 2 -86 
2 - 38 · 23 - 08 2 ; 69 
1 ;62 - 23 1 . 93 
1 - 69 - 08 - 08 1 - 85 

· 92 - 23  1 · 19 
-69 - IS · 84 
· 23 - 08 , 31 
- 69 -69 
- 54 -54 
- 31 ·31 - IS - IS 
- IS , 15 
- IS - IS 

, - 08 



1 113'.0 2(ij1'{), 377·0 
2 148 · .0  236 �0 384 , .0 
3 1.03 - .0 118 - .0  221;;0 

1-3 �64'O 61S - .o  : 982 -.0 
. 

4 74 · 1  6'0,3 134 ·4 
5 6.0· 3  31 · 8  92- 1  
6 4 1 - 2  24 ·4 65 · 6  
7 27 · 1  16 · 5  43- 6  
8 18- 2  ' ,10 · 9  29 · 1  
9 15 · 6  5 - 6  21 · 2  

4-9 236 - 5  149 · 5  386- .0  

10 14 - 1.0 5 -.0.0 19 · 10 
1 1  4 - 71 1 - 76 6 -47 
12 5 -.0.0 5 · .0.0 
13 - 59 - 59 
14 · 88 - 88 ' 

15 -,59 -59 
16 -59 - 59 
18 
21 

10 + 26 · 5  6 · 8  33 - 2  

Total 627 774 1 ,401 

1-3 lOS ' 5  134 · 7  243 - 2  
4-9 7,72 , 3  434 - 1  1 .2.06 ,4  
1.0 + 398 · .0  88 -4 486 ·4 

.. Total 1 .278 , 8 657 ' 2  1,936 ' .0  

28 - 5  
33 -S 
17 - 6  

79 · 9  

15 ·9  
6 · 5  
4 ' 7  
2 ' 6  
2 - 9  
2 '6 

35 ' 2  

1 ' 76 
1 -47 

' 29 

' 29 

3 ' 8  

119! 

Otbet Total 
S6ftwoods SoftW'ood$ 

Number of Ti'ees 
405,· 5 

· 3  418 - 1  
1 - 5 ' 24.0 - 1  

1 - 8  1,.063- 7 

- 6  15.0 · 9  
· 9  99 · 5  

1 · 5  71 · 8  
·3 46 · 5  
· 3  32-,3 

23 · 8  

3 - 6  424· 8  

2.0-86 
7 - 94 
5 · 29 

· 59 
· 88 

· 59 
· 88 

- 29 - 29 

- 3  37 - 3  

6 1 ,526 
Total Volume ,Iu CUbic Feet 
19· 6  1 · 1  . 263 - 9  
91 -4 12- 1 1,3.09 - 9  
47' 3  15 ·3  549 · .0  

158 ' 3  28 · 5  2,122 '8  

25 · .0  
35 · .0 
23 :5  

83 - 5  

14 · 1  
9 · 7  
3 · 5: 
3 · 2  
2 - 5  

· 6  

33 - 6  

} - 47 
· 88 

- 29 
- 29 

- 59 

3 - 5  

121 

22 -4 
94 · 6  
67 -2 

184 · 2  

· 9 21H} 
2 - 1  2-4 39:5 3 · 2  ' 3- 5  3.0'2 · ��� 
6 · 2  5'9 95 · 6 :  

' 9, 2 '9 17; 9  
1 · 8 1 · 2  12 · 7 '  

· 9  4 ·4  
·6  ·9  4 · 7  

} ' 2  3 ; 7 : 
· 9  1· 5  --�- --' -' --

6 · 3  5 ·.0 44 - 9  

·88 - 29 2-64 
- 88 

· 29 - 29 
- 29 · 58 
' 29 -58 

- 59 

-29 ' 29 
2 · .0  · 3  5 · g.  

14 1 1  146 

} ' 1  2 - 6  26 · 1  
32 · 5  1 0 · 8  137;9 ' 
55- 4  3 ·8 126 ·4 
89 · .0  17 ' 2  " 29.0 -4 ", 








