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FOREWORD

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

‘As a result, various conservation meastres. were takenvby governmerits
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 standmg in
“~the forest 40 years later than ever before, and cuttmg actually started agam
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, a practical
-system of site classification was developed and used for the first time in forest

surveys.

Credit for the continuity and success of thls project is due to the Consolidated
Paper Corporation, for preserving the area intact and for carrying out the present
,cuttmg experiment to the recommendations of the Forestry Branch
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INTRODUGTION

The Lake Edward Experlmental Area wds estabhshed in 1918 15 mﬂes'
Grand’Mere, :‘Quebec, on the limits of the Laurentide Pulp and
any, later succee ed by the Consolidated Paper Corporation.

- five square miles on both sides of Lake Edward, the area is typlcal
e——balsam——yeilow birch forest found in the eastern part of the Great
ce forest region. - The objects were to study the regene ation

g od in this mixedwood forest following a pulpwoo‘ cutin

1910 an from’ the ﬁnd g to develop sultable sﬂvjcultural practxces :

~ nd results of ‘the last loggmg operatlon the second and
6 and 1946 added sxte relatlonshlps a]ong thh the growth dat
; for ct

g iwth study by thekhr ;
te ‘u n y the present writer (6) in. 1941

as edge of the Laurentlan Piateau,; :
Precamb 'aﬁ) gn iss with a few i mtrusmns of

nd physmgraphy of the area has been glven by. Hezmburger‘(é:) to wh 1eh
nce may be made for f urther detalls ‘

Mlchx ), sugar maple (Acer saccharum Mar ') ‘and beech (Fagus grandi-
folia Ehrh.), and softwoods—balsam fir (Abies balsamea (L.) Mill.), and re:i .
ruce { P@cea mbms Sarg.). Red rnaple (Acer rwbmm Lf) and white




grow in swamps and on the rocky moss-covered: lake shore, ,
~ faricina (Du Roi) Koch) is found in some of the more open swamps Hemloc
(T'suga canadensis (1..) Carr.) occurs widely scattered in assocnatlon with h
~ woods; and black ash (Fraxinus nigra Marsh.) is found in the small swamps
_and on stream banks in the upland types. White spruce; (Picea glauoa (Mo
Voss) is found scattered, chiefly on alluvial soil. Aspen (. Populus tremuloid,
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. Durmg‘
earlier cutting for sawlogs, only ‘the large white pine and spruce were te
_from the more accessible localities. In the later cutting for pulpwood, to diag
limits of 10 inches for spruce and 7 inches for balsam fir, many patches of tii
were left, including con51derably more balsam than mlght have been taken
the 7- mch llmlt

,Site Types

Few -aspects- of forest- research-have received more attentlon than
ﬁcatlon Since the end of the last century site-type studies have been mac
in most European countries, notably Russia and Finland, and in North Ame
Although- primarily intended to classify the forest for more intensive mana
ment, these studies also try to explam why certain conditions exist, an:
1dent1fy similar sites for the extension of knowledge beyond the borders
particular locality.

Certain natural assoc1at10ns dependmg upon ;‘cover«type, cl mat

physiography, well known to many observers, ‘have provided the s

for most systems of site classification. - The chief prol ~

the simplest way to identify and classify them. In Canada, H: Vlhday
classification of . the whole country into forest regions and ,\forest sections
‘generally accepted as the basic climatic classxﬁcatlon, and site-

be identified within each of the so-called forest regions, or sect10ns

The use of plant indicators first awakened general::i terest through its
chief proponent, Cajander (1),*who described his ob;ec ves as follOWS'

The object of classifying localities into quality classes is to combme into.one and
same class all those localities the capacity of which for growing forestis the same or approx
mately the same, and to separate into different classes those in whlch the yneld capac1
differs ' more markedly. ;

CaJander identified his sites by plant associations, more Or less mdepende
of the forest cover. The system was widely applied in Europe, with consider
but not unqualified success: More recently, following Russian- experienc
tendency has been to‘include forest cover and physiographic features and to
~ less upon vegetation alone. As it is practically impossible to dissociate tree
from ground vegetation, this trend might be: accepted as a° modxﬁcatlon of th
original concept rather than as a departure from 1t E

Heimburger (3), through exhaustive field studles on phvs1ography and soi
found adequate supporting data for the hypothe51s that ground vegeta
characterizes biologically equivalent sites in the Adirondack region.

" Similar forest conditions at Lake Edward: allowed correlation betw ;
“the most important types common to both-localities. Consequently these sit
“types have replaced the more conventional cover-types ‘based upon tree voli
"sand now form the basis of classlﬁcatlon for all aspects of the gmwth s d




- 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
,mlxedwood forests.’

) On the Lake Edward area, the followmg srte-types were recogmzed in
ascending order of quality: Kalmia-Ledum and Sphagnum-Oxalis (swamp
types not studied in detail); Cornus; Oxalls-CornuS' Vlburnum-Oxahs- and

-

Kalmia Ledum and Sphagnum-()xalis

~ Swamp types are of little importance in this locahty and only the best of -
each supports a merchantable stand of -timber. The former (Kalmra—Ledum); ‘
is black spruce swamp of muskeg type; the latter (Sphagnum-Oxalis) is-a richer

type containing some hardwood with balsam fir, spruce, and cedar. Generally,'
he ground 1s covexed wnth dense alders. and sphagnum moss. .

Comus (Softwood)

. The-Cornus-ot spruce ledge” type is generaliy feund on steep
and cliffs, on-borders of swamps, streams, and lakes, and' occasxona]ly on'swampy -
-draws. ‘Bunchberry. (Cornus canadensis) predominates among herbaceous plants,
~and there are also mosses, lichens, and blueberry Mountam maple (Acer Sjnca- .
tum), abundant on richer sites, is rare. - .

.« - In the main stand; the principal species'is red ‘spruce;; foﬂowed by baISM"
' sﬁr ‘and then by cedar or white birch;* hardwoods, ‘among Wthh whlte bn‘cb
,'predommates, amount to Iess than 20 per cent by volume. : :

O ‘ahs-Cornus (Soft — Hardwood)

: bunchberry to a greatér or lesser extent, dependmg ;
;whether ‘the site 1s" 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-
tion is increasing. - This is the optimum site for’balsam fir, all thmgs considered. -
Balsam fir has a greater volume than spruce in the main stand, and it is far
re 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.
aple 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 Vrburnum, ,
ty es.

Viburnum Oxalis (Hard — Softwood)

The Vlburnum-Oxahs typeis 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-may. be ‘a considerable
amount; wood sorrel (Oxalis) is also scattered Mountain’ maple is present;. -
strlped maple is comrnon, sometlmes even more plentlful than mountam maple. ,
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TABLE 1.
Distribution of Site-Types:’

* Abbreviation /|- Cover-type. | No- of Plots | Fer cent of

. CoT - Softweod 2 - L34
.0-CoT Soft-hardwood 214 -
Vi-OT - Hard-softwood’ .68
~ViT .Hardwood e o
K-LT, S-OT . 20

o

~“The site and cover_types correspond closely 1f two maxedwood subtvpes
are recogmzed probably because the forest has largely attained its cllmax

Cover-types alone based on tree volume. may be approprrate for des ‘1bmg"‘
e)ustmg stands but they . ‘
even if only temporarily. The Lake Edward site-
¢ characteristic tree species if so desired, provide: e 1 :
ere kept in mind: red spruce (Cornus), spruce—~balsam—yeliow birch (Oxalis- .
ornus), spruce«-——yellow bu’ch—~maple (Vlburnum Oxahs) and maple~be ch
1burnum)i g cr

Laborato{ y analyses of soxl samples by Hermburger (4) mcluded eletermma}-f, .

tion of - acidity moculatlon ‘tests,  examination of texture” -and ‘basic: muneral. .
content, calcium determmatlon, and. degree “of incorporation of ‘humus into"
mineral soil. Good cor elation was shown between the type of humus layer and -

te-types.- Poorer site-types generally ‘have a more-acid ‘humus:layer. There .

is a close correlation between site-types and different degrees of nﬂ:rlﬁcation,f
d shghtly hlgher 1 me contents were found in samples from ncher sites: o

Helmburger (4) states :

The Cornus ‘type has generally the deepest humus layers and “A" horxzons. The o
main difference between the types seems to be in the thickness of the “B" hori Irr
“the: Corntis and ‘the Viburnum types this is very, often. limited by the shallow o

~mineral ‘soil restinig directly on bed-rock In the Oxalis-Cornus and the Viburnum Oxalts ;
types the mmeral usually is.of sufficient depth for the full development of the soil "
proﬁle The Oz\ahs Comus type as a'rule has a shallower sorl than the Vrburnum-Oxall&
‘type..
The content of crgamc matter, as expressed by loss upon 1" ition; decreases in
‘the humus: layer asithe sites become relatively richer. ‘On the otherhand, the “A?’iho'ri‘zons i
" show anincrease of mcorporated organic matter in the richer site ;

Differerices in dr inage and in mineral soil fertxlxty are probably mich more rmportant; .

m debermmmg the qualrty of srte in thls area, i in view of the morst clrmate tlzan sorl te\ture .

. (R:N. 66)

‘In commentmg upon the 1nd1cator value of the mam plants Helmburger (4);;:4'
contmues. 5

: “All the ‘main specx s of the ground Vegetatmn -can be subdx it eﬁ 3 fo
v namely, (1) indicato poorer, softwood—producmg sives; (2) those occurring
~on medium"rich® sites; (3) indicators of rich, “hardwood sites; and’.{4) speties occu
with:about equal abundance and degree of cover on all the s;tes and therefore poor i
 ‘cator$ of site thhm the matenal sampled. (R.N. 66)

These species are shown in Appendix 1, along wath the abundance and
socxabrllty of the major components of the vegetation on the various sites. h‘
s revised from.a consideration of Helmburger s note nd from

m w1th present practice. "




Helght-Diameter Relationships

The average height-age of dommant trées in any one locahty or stand 18
- generally accepted-as a direct measure of site quality;. ‘however, the height-ag
relationship is not believed to be valid when suppres smn eccurs in early izf
as is commonly the case on the richer sites. =~

Nevertheless, site quality is generally accepted as bemg the hrmtmg factor
“in height growth. The height-diameter curves for red spruce, shown in Figu
consistently follow the site relationship and this is belleved to hold true in cli

or near climax forest.

Therefore it is suggested that helght-dlameter and not helght-age, expr
best the site relationship for red spruce in this mixedwood type of forest. Th
relationship happens to hold_true for balsam fir also, but is less reliable sis
balsam fir is shorter lived. Fewer large trees on the poorer sites account
closing off the curves sooner on the Cornus and Oxahs-sCornus types Yellow
birch is also shown, : , . : :

V Application

“The present writer was able to test the valxdlty ‘of, thxs concept of site-types
in ‘the forest survey of 1936, and to. complete the growth study for the ar
after the final plot remeasurement in 1946. The types were not difficult

“recognize or map in the regular manner on cruise lines;, once they had
described and explained in the field ‘by Helmburger in the course of two or
days. At first, the plant indicator species were relied tipon. almost entirely
type identification. As time went on, the types and their peculxarltxes e '
more definitely, particularly after compllatlon, and Losee (5) has shown ‘that
site-types in climax forests can be mapped from aerial p tOgraphs. Immat
varieties and temporary fire types with the successional trends in. vegetatxon
following disturbances:- have yet to be studied, however, E

FOREST SURVEYS

‘When experxmental work was begun at Lake Edward m 1918 permane
sample plots were established, varying in size fr

" On these were conducted gxrdlmg, thmnmg, release ci :

ments. Control plots were established in untreated forest, and. other plots sef
up purely to record the growth and yield. At the same- time, a strip surve
primarily for measuring reproduction, was made over the whole area.  Unfo
nately, the very genéral results from this survey were diﬁicult to compare

.the later permanent line-plot survey.

‘At that time, also, the lack of empmcal and fu lental mformatxon

_ a handicap in planning what experimental work to do, and finally, curtailm

of sample plot work between 1931 and 1936 lead to revision of the whole po
concerning Lake Edward. Silvicultural treatment was clearly less needed

- originally thought and the result of some short-term experiments ha
obscured. Fortunately, about this time sne-types were ready for use an
type and growth studies finally converged in 1936. Every development si

kthen has served to strengthen the association at Lake Edward.

The first intensive line-plot survey, begun in 1924 and finished ‘in’ 1’9
is considered for comparative purposes to have been: ‘made in the year -1
-the second was made-in- 1936, and the third 'in-1946. - Aithough an attem
‘made to work back from the 1925 survey: by means of- morta,hty and: inct
: bormgs to estimate the remduai growmg stock after cuttlng, the results




E " Figure |

‘~~'LU‘ENCE‘ OF SITE IN THE HEIGHT-DIAMETER RELATIONSHIP

i bl;" g
8 M0 12 14
D.B.H. Inches

L TR
s 10 12
0.B.H. inches.

P R
6, 8. ‘ 10 ;2 ‘
OBH. Inches




very. accurate. Consequently, the record is.not complete ;between the tir
cutting (1910-1912) and 1925, nor is it. possible to determine exactly how m
was on the ground 1mmed1ately before and after the cut. The stump tally’
the line-plo#e in 1936 is the only estimate of the volum taken off in prevw

: - cutting operations. = -

Gy In the line-plot survey of 1925 ﬁfth~acre plots were estabhshed at

" intervals and the lines were blazed. Squared posts’ with numbered tags

~marked the corners of each plot. All living trees on the plot 4 inche

up, together with those which had died within the last ten’ years, w ,e
"in inch-classes. Saplings (1 to 3: ‘inches) on a subplot 0.5 by 1,

lings on a square-rod subplot, were. tallied. Plots were not laid. out in
Vwood type nor in unmerchantable swamp types. Smgle mcrement bor‘

chams in-area.s L : ; ,

~.~distinct -association of tree species noted ’fte;y compxlat

- data enabled reclasslﬁcatlon of the 1925 plots into the sam fsystem si
inspection ‘of the main stand and reproduct;on tally sheets a .

;the two maps. - «

~ “All living trees of 0. 6 inch d: b h an upwards the P 't,Were tal
- .one- mch classes; those which had dxed in the last ten. years were ed
* Stumps of trees cut in previous Ioggmg eper
in two classes, as having been cut in ‘or
. ~subplot in each plot were counted by s
+ 0.5 foot, 05 foot to 3 .0 feet .and 3.0 f,‘

Piots were moved shghtly backward or forward i ey
) deﬁned Ykpe llne, or ‘partly in swamp or lake, but such ca,
“Plots wel
" to show topography, site-type dlvxsxon and lo atlon,
were: established. (See centreplece

: The lme—plots established in 1936 were remeasured
bemg found thhout ilﬁiculty (A new plot was lai ou

The total Valume of trees. 14 mches dmbh _and up was compi |
- in 1936 and in 1946. From statistical analysis of plot volumes,
that the surveys are accurate thhm acceptable llmlts. O

RESULTS

; C uttmg naturally affects the age-class,
. of the growing stock; therefore a rb‘rief reference
“to explam the growth and yxeld ﬁg‘ Wlnch fe ow




cut; then ‘the largest spruce, and these operatrons : spread over‘ many ea
R A s

an averfge (over the Whole area) of 13 trees per acre buf actual t,only covered..
bout half the area. The extent to which each site-type was subjected to cuttmg
is in these proportions: 80 per cent of the Cornys type, 52 per cent of the Ox
Cornus, and 15 per cent of the Viburnum-Oxalis. Generally sp g, the Cornus
type now comprises more younger aged and fully stocked stands; the Oxalis
Cornug: type is moderately. stocked and all aged and the beumum—Oxahs tvpe
tunder~stocked ‘with softwoods. :

The last. cuttmg 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 re oved permanently, and as the spruce- will not likel lo
again to its maximum size, the way has been opened for a larger
’balsam fir in. the future By 1936 the average softwood:
‘ i hlgher th

it f‘smalier _even . though -more . ‘Aumerous. 3
forest seems. to have recovered remarkably weil in the

only a few’ large trees. Consequently eon31derable variation s found 1 the
. proportlons of softwoods to hardwoods and in stand structure, whrch the average

The degree of stability attalned in 1936 as’ mortahtv d d
growth was resumed, was. mterrupi:ed again latér when the older balsam fir
trees began to break off and. uproot. . Spruce on the. other hand was not aﬁected
and continued to grow with i increasing wigour. It is doubitful
‘the forest as a whole could ever develop fully as long as th
“prising nearly half the total volume, were not bemg cut;
now bemg correctod

Growing Stock

PP
has. happened since the cu tmg in 1910 and they provxde the. basxc data for the
gmw;h study. The volumes are-shown in. Table 2 and graphrcaliy in Flgures
nd 3.
From Table 2 and Fi igures 2 and 3 it will be seen tha i
reased from 736 to 1,484 cubic feet per acre between 1925 a
ey have doubled in Volume in'21- years. At the same trme,
creased by only 20 per “cent and.:
han the total volume of p n ’
have made out very well in competition with hardwoods ‘in sprte oi' the uny
mlsmg begmmng reported by earlier: observers

- Spru e is gaining steadrlv on balsam fir and by 194-6 the average volumes :
(ior the three types) were very nearly equal.. Balsam fir held its ownin the -
§ type until 1936 then mounting mortality took effect as trees
ity-and left spruce to’ progress-even more rapidly.
spruce 730 cubic feet per acre, and balsam: 2 cubic feet per acre.
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Volume Cubic Feet
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"+ All Softwoods -
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hey decline | ;
Thi 1 dxrectly the result of competxtndnff




ers Df_trees (4 mches d; b h and up), hown for each specxes in-
to }i{ tablas;iare summamzed in Table 3. The numbers of saplmgs,
_inches,

’ ‘f»ha.ve larger numbers ‘of trees than rich- sites. Thxs
‘ e number of spruce and balsam trees (4 inches -
ubled between 1925 and 1946 in the Cornus type; they
he Oxalis-Cornus ‘but remained almost stationary
ype. The average for the three types mcreased from -
tinued to gain on balsam fir in all types,in numbers .
ow Ieadsin all but the Oxahs Cornus type In




"Stand Structure

 The structure or profile of a forest stand refers here to the t
by inch diameter classes. It is useful for comparing one stand with an
showing to what degree the stand has developed towards its climax and

=7 diameter classes one’can -expect the most growth.in the near future.

developed type usually has its own peculiar pattern when plotted in:
This pattern is a bell-shaped curve for the Cornus and Oxalis-Cornus
(the former being higher but considerably narrower than the latter). The p
~is'asymmetrical for the Viburnum-Oxalis type, with the peak towards the
end of the diameter range. - Data obtained from the stock tables were ple

: +and are shown in Flgure 4 for each-of the site-types, and for spruce and bz

together.

; Poor site, resulting in short trees, reduces the volime of all spec1es in
~Cornus type An abundance of balsam fir combined with shorter life span lowi
,the proportion of large sized trees in the Oxalis-Cornus type. Severe competition
‘in_the Viburnum-Oxalis type further reduces the number of softwood tree
Once the softwoods have gained freedom from suppression, however, they grow
Jrapldly and reach great height; the culmination point in the Vi-O type profi
- 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 cuttmg It is

-doubtful ‘whether the total volume of wood was ever much greater than at
"~ present.. - The Cotnus type probably contains more and the Viburnum-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, i in spite of the cutting which took place less than 40 years 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.

CoT 0-CoT

19% 149

65 - 58 ¢

16 28
100% 100%
954 889

129 6%
62 48
26 46
100%
2,123




STOCK PROF!LES ’TOTAL V@LUME PER ACRE BY D:B.H. CLASS(ES‘
; (Spruce and Bolsam Fir only)
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: " pe ] '
d hzg compared to 46 per cent in the O-Co and ‘62 per cent in the
~ The greatest proportional increase in large trees (10 inches and u
1925 and 1946 took place in the Vi-O type, from 40 per cent to 6:
~ Competition with hardwoods is evidently no longer a factor among-
s, and. they car proﬁt to the full capacxtv of this rich site;

i Table 5 shows the percentages of each species bv site-types, and the €
whlch have: occurred between 1925 and 1946 - '

TABLE 5
Species Composition

\Percentage of Total Volume

1925

' CgT‘

43
£30°
73
9
82
15

18

Spruce is gaining - steadlly on balsam, on the average only one per
- behmd 11946 and softwoods-having gained 10 per. cent at the.expense of -
- woods since 1925, now constitute 57 per cent of the total volume of all spe
Hardwoods lost 14 per cent in the O-Co type. Competition is apt to be

in"this type; therefore the loss is significant. The percentages in thls type
now 64 to 36, instead of 50 in 1925 ‘




bagisam per acre, or 4 6 per cent of the 1925 volume, consxsted
' aisam ﬁr left over from the 1910 cut. -Had the dlameter

been cut-over in 1910 mstead of barely over half mOSt of what
£ ~ robably have been cut before being blown down. The average:
pped to 8 -8 cubxc feet in 1925 36, and rose again to 12-8 cubxc feet in 1936-46.

.

. TABLE 6
- ANNUAL MORTALITY
Total Cubic Feet per. Acre

191525

Average

1.4
22:2
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d steadily after ‘£t925 to a negligible
annual average of 3-4 per cent to 0-2 per cent of the pri
cother hand varies much more with site and age. Af
: after 1925 from the excesswe mortahty 1mmedxate}

Spr uce ther fore contmues o grow steadxlv and to occupy an‘ever-i
portxon of stand whereas balsam ﬁr is declining, although stll k
LS ‘

re for manjf years even though toy ermg over the younger forest :
n“the contrar; dies suddeni!y" when 1t: reaches a.certain age ‘or 'siz
‘ i : g suffers serxously frorn ch

in. spxte of the dleback, is. practlcallv neg
than one per cent annually since 1925. Most of the tree top
*fortunately thhout subsequent mortahty

'th the addxtlon of four years’ growth from 1946 to 1
The mort ) 1ty therefore durmg the cycle 1910 to 1950 am

resent are scarce and whlle management plans are bas
‘ ible, ",the Iong~'cerm growth rate is sttll

~of time ‘Precedents from wh;ch growth could be b
1 cuttmg 'methods in effect since about 1925 51 p
-3

-H wever, as young growth increases in area, “and as the res
‘ ninishes, § ber can be cut wrthou ,dep

regenerated since loggmg (or ﬁre)

Growth» figures are also needed for forest management pohcy The m
and varied opinions: regardmg the possibilities of increasing ‘yields, exp:
_+forest mdustnes, restoring marginal farm land to. forest and. so on, aré ev

of the necessity for more specific and accurate information. Until more is
_about the forest and short cuts are by no means ruled out, the slow
‘‘way of measuring .and remeasuring plots is' the surest way. of provrdm
- growth data required. The Lake Edward data based upon such plots,
extendmg over a period of 40 years, are indeed suitable. The one condi

however is that these ﬁndlngs be understood to apply to. growth after

: C itting :




-presen : ‘based upon the growmg stock volumes i
the line-plot surveys-and are applicable to three periods, as follows:
termined by means of increment borings and mortality estimates

he 1925 ‘suwey, 1925101936, from mdependent line-plot surveys; 1936 3

950, from remeasurement of 1dent1cal plots in: 1946. Extrapolation from‘
earest existing date filled in the gaps, 1910 to 19135, and 1946 to 1950. .

5 .Itkmlght be explained that the perlodlc increment refers here to the 10 to
year periods only, and ‘‘average mcrement“ to the whole cuttmg cycle in
this case-the 40 years between cuts.

he net permdlc mcrement varies so much that it should not be isolated
ely from the average, or it mlght easxly exaggerate a condition in the forest
~ nly temporary ‘

The penodtc net annual mcrement is glven in Table 7 for each spec1es m,
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 m "Table 9. These ﬁgures are illustrated
~_Flgures 5 and 6 ' : : ,

TABLE 7
Periodic Net Annual Increment
Total Volume Gu. Ft per Acre, 1" d.b.h. and up

; 1915-25*

i

; S‘pé‘cie*s B ;k , ~ ” ’ - . Vi.OT Average-

—1-9°
=75

—9-4
—0-6

©=10-0
110-2
-9

o Cm N mt oo

7
18-
8-

1925-36

“‘,COT‘

34-9
11-0
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: TABLE 8
Growth Per. Cent (Pressler}
~ Period . 1925-36

‘O-COT’ .
E: ot
A4

46

0-CoT
2-8
1-8
2.2




=y Average Annual Increment, Cycle 1910-19501 '
‘ Spruce and Balsam Only

“Area . i Irncrementf(cu.‘ft.)

10
62
20

' 92%

k : ~ period they mcreased at the rate of 40-3
bic feet, and in the third penod at the rate of 30-6 cubic feet per acre. By
nding the ates for the first and ‘third periods to cover the gaps between
‘ hperxods actuaHy covered by the growth study, the average -
hese spet:tes for the 46~year ‘cycle (1910—1950) is 18- 5

;'I }ow, but there might be extenuatmg
net'loss (1910 to 1925) which appreciably
ccurred had balsam fir been utlhzed then

pruce and balsam grew at an average e
of the fact that hardwoods, havxng never

[ ubxc feet in the second p nod (1925 36)" -
r from. 4- 2. per cent to- 2 3 per cent,

, the’ at/ of growfh for spruce and
sed after 1936 :

:est type both in actual increment and percent
i amly due to greater suppression on richer sites, Whereas
, no a senous factor in the Cornus type

; ble feet between 1925 and 1946 is less than a quarteriﬂ :
oods. In the V:bumum-Oanls type alone, theg ~

eSs en oge-ﬁfth that of softwoods‘ ThlS mlght inerease cons1derably if
‘overmature trees were to be removed However, the growth rate is so much -
sl wer n ~the hardwood specxes in their present condition that the net growth
' dechnes i passmg from the Cornus through to the Vlburnum-_ ‘
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AVERAGE AGE. AT BREAST HEIGHT BY SITE TYPES

B Y g T T — 1

Years' |

“,A“ z

" RED SPRUCE
CokkT = —— 49 Trees
0-COTm = = = =IO}
Vim QT 55

. R
-5 0.
D.B.H.- Inches

. BALSAM FIR
CoT === 29Trees
L 0-CoTm === 229
N0 43

L - i
6 8
D.B.H.~ inches







”‘oﬂ‘set by smaller cellulose content pest
e. \Certam s:tes hewever, fotmd to be s

ubic fee per acre respectxvely Many af
except. for a short length of butt :

in - 1946 as'in’ the prevxous penod Butt" o
the percentage of occurrence is twice as:
An increase was noted in the Co and 0-Co
balsam ﬁr, whxch emphasxzed the necessrty .

ecI and obvzously qulte welI stocked -

seeéhng coum: was made therefosre m 
ﬁ a rod square (16/ feet) sub—plot

ree mches taken from the stand tables‘
xn Table 13. L

ﬁr wh:te blrch an pm eherry seed in and may become
ites. 'Mountain maple and striped. maple come mi'
unde | tmﬂar nd'tnons._ G e




S of ‘the seedlmgs coum:s are consnstent wnth the snte-types e
nt: dlﬁerence between 1946 and 1936 .is the very large increase
fi the Cornus and Oxalis-Cornus type
in ‘the Viburnum- 0xahs type s
Y totaIs of. Mall specl

and - ‘adweods suppreés 'camfemus ‘seedlings :
‘a’nd ba.lsam ﬁr may da hkewxse fora. whﬂe m the Co tvpe but nelther ent1

ers of spr ai}hhgs one to three mches d:bh,, among sxte-typ s 1  some-
‘larger than it is for seedlings but the numbers in 1946 compare fairly -
baIsam ﬁr, an average “of“173 spruce to 251 balsam fir. That )




Number of Saplings per Acre, 1" 3" d b h
w 1925 :

CoT = o Vi : Average
419 240
- 534 “ 330
953 5 570
83" 56
1,036 | ‘ : " 626
10| - 46 37
156 , ' 92

166 120
1,202 '

1946
364 -
618

f982
8t

1.0.6,3 '
6

90

| “9‘6;

compnses 41 per cent of’ the saphngs, compared to only 15 per cent of the seedlmgs
Thus balsam fir loses 1ts early advantage as tlme goes on prov1ded the forest-
tains its natural state. -

No yeﬂow bxrch or sugar maple were tallied i in the Cornus type in 1936 or
in 1946. These species enter the O-Co type with about 60 per acre; yellow birch
increases to°150 and sugar maple to 1,300 per acrein the Vi-O type. The seedlings
are therefore very good indicators of site and a .very useful supplement to the

ound vegetatlon in: 51te 1dent1ﬁcat10n ‘

tting Operations 1950

The last survey, made n- 1946 clearly showed that the forest was ready :
ut. Rate of growth was still hlgh ‘but much of the balsam fir had reached
maturity, and ‘an unduly large quantity had blown down, or broken off as a
"butt rot. Many spruce had reached a very large size and were ready
arvesting. Furthermore the budworm was present on the balsam fir—
nately with little further damage. The birch was affected by die-back, . .

‘h thxs too had apparentry been arrested Obvxously it was time to start

xate practlcal value. Although it was: against Corporatlon pohcy to: .
age, and even though the area wogld not have been reachediw




g experiment showed that 1f One-thtrd“of the volume of softwo
he of growth was' hngh enough to restore it in. 25 or &ﬂ

o ,‘The cuttmg system was to cut; heavnly in baisam fir and favoﬂr' I
= spru e. All hardwoods suitable for the market were to be cut too. In
~ the first year of operation, control was established by diameter lim
stump of 14 mches for spruce and 10 inches for balsam.” Examination the |
' owed ‘too much spruce being cut and not nough bals
hanged to 16 inches and 8 inches respectively, which alsc
average volume above the 14- and 10-inch limits was esti
: above the 16- and 8-inch limits, 577 cubxc fee

.

9.

IThe average of the ﬁrst three years o eratxons gave a cut of apprex
bic feet: (converted to total volume from scaling returns) of s
‘per acre—equal to about 90 per cent of the volume incremes

and 1950. This compares with 492 and 277 cubic feet (merchantable vol
: ved in 1890 and 1910 respectwely, the total being 769 cubic- feet
: ckscrepan ' 'hetween the estimate and the actual cut is believed to he
ot 1 amount cut in roads and- Jlandings; also to the fact that th
“part of tl a has been cut. The yield will undoubtedly. fall off as op
- extend to the east shOre of the lake Where the tlmber volumes are SO

Hawever, th cuttmg is spread more umiormly over the area_inste
as before. Therefore recovery and growth should be bet:
; ! AV tality from overmature -trees. [t seems reasona
e ,pect tha he volume now Bemg cut will be replaced during the next'
In the meantime, each year’s cut 1s bemg checked the area mapped; ar
: vithin theearea tailxed i

Tableflé'shOWS the vo ume in each type.

‘  TABLE 14; S
Estimated Volume before Cutting, 1950
'l‘otsl Cubic Feet per Acre

7 COT e Ei,O-Co"I‘

2170 | 1,785
20000 137

2,370 | 1,923
.. 81 806
P08 U 50

289 | 1,08
2,659 21978

“fh se figures' aré derived from the 1946 survey adjusted: for 4 years’ ad‘diﬁehaklkgf
it hesamemt‘asm thepen 193646, ; i e




ade accordmg o the reqmremen)tsk

and‘ ralsam: es mated to be avaxlable fm' cuttmg'
is.as fe : . ,

: :Cixf.‘l £ t. peracre

that spruce and : : »
he nchest s:tes in spxte of ha dwood

that the growth of spruce and balsam ‘slowsA
vol m, -and in per cent. Actually it-must be -
: s because the- best tree: spec:mens;







, as prevrously descrlbed is mostly red spruce, frequently
eproduction which often develops rather poorly. There

but practically no tolerant hardwoods, and.in spite of being

in bsolute site quality, it produces the highest YICldS of -softwood.
f invasion by tolerant hardwoods or shrubs-exists, balsam fir
spruce could be safely cut to somewhat lower diameter

aps 10 inches or 12 inches, instead of 16 inches.

_must be retamed to prevent whlte berh and cherrv from

ornus . type, ; occupym undulatmg ground and rnoderate
) ir-and yellow bxrch and. on the: whole

g /ng may
, 1tlon ﬁk,een between Vanous types of vegetation,
; . _ prope measures
00 large open ing: 'were made the forest wo 1d'

i and ablhty to recover from long periods of
xfty young spruce should be. preserved: ‘because . .
rmmshed vigour up. to at least 25 inche

'on of the ground is thought to be desnrable

[ ductsl Whether as. pulpwood or. lumber,

s waking ‘the distinction. In the boreal- forest,

slower growth, absence of red spruce and of hardwood: competltlon

obscure the. advantagfes of spruce, but failure to appreciate them in

ill give poor results. Spruce is the ‘most stable
' noting when cutting is being planned. ’

S On the other hand balsam fir deteriorates through successive blow-down
and insect attacks, especially when deprived of support from other species.
After widespread clear‘cuttmg or too low diameter limjts, and especially when

: ‘alsam ar cut to the same limit, balsam fir will become numerous.




Stump of red sorace ot . measuring J5 fnches bn diameter, 90 feet o heieht and 250
vears of age 1o the MiburpumdOalis svpe, At 170 vears of it was onds 10 tnches i diameter




ate of growth up ta very great age. Fo ore a,mpie,f :
hes in diameter, 90 feet high, and 250 years of age,
3 ‘ad most of: xts dxameter gmwth add after

el g;h" " yxefds than spruce if cut frequently enaugh‘ :
Balsam fir growing stock in the Oxalis-Cornus type at ' -
r than spruce but the margin had shi unk cons1derably~
types, spruce. considerably increased it lead,
pes became nearly the same for both species. There is
velume ; ould exceed balsam ﬁr in a very few years .

favourable for softwoods than for hard-i'
pe, because they grow faster and invade

e future of yellow birch is som what
tior an& passrbly competition from sugar-
‘rateds falling off because of increasing -
1'now to be less formi-
00! n progress the effects
growth may be slow for thefirst 10 years, -

exceed anything in the past.

ur reproductxon of spruce and ye low
>-in the Cornus type regardless of ‘what
. ‘can be kept out. Still
Ty, wh te bxrch and red map!e can be foreseen‘

a,mcula .Iy xmpori:& : : ¢

5 or-some sort.of treatment to brmg ,

and every aspe t underl nes the fact that adequate e
ined at i :

$0 ed‘the problems set ferth at the time of z
bal area 2 \’aturally:not entn‘ely, but two ques-

oductmn of spmce, the most. valuable spzcies at” present' L
st we would like tq restore itto its: former position in the -

h sfower than balsam fir after cuttmg, but the
y 'bad as they seemed at: t}ie tune, were actuaHyf :

m reqmred to get it?




After cuttmg to the regulatlon diameter hmxts (spruce 10 mches
mches), a return cut was obtained on 70 per cent of the area within 4
-and cutting could have started some ten years sooner. The factors decidin:
- 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 cu
© * cycles become more practical as.the market for ‘wood 1mproves and as
“ are extended into the. forest..

- Finally, while the immediate ob]ectlve was to obtam mformatlon on re
eratlon after cutting, it was hoped that the results could ultimately infl
achange-over from ‘‘extractive”’ to reproductlve forestry far beyond
borders-of the expertmental area. The'way is now open to apply these fin
\fmore w1de1}

CONCLUSIONS

Observatlons in the field, and study of the data taken in the three Ime D
“Surveys’ extendmg over a penod of nearly 40 years, lead . to the followmg
clusnons

1. Ground; cover mdxcator spe(:les proved effectlve in differentiating s
types. The correlations found in the 1936 survey with respect to.vol
‘increment, regeneration, species distribution, height growth, and de
were fully supported by the-additional data of 1946. The develop
of the forest in each site-type is now sufficiently well known to mﬁ
“the choice of ‘cutting' method. ~ e

Spruce 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 befor

second cut using higher diameter limits began in 1950. Heavy mort

s not: llkely ‘to.be.repeated.. following the present cut as.most
~_balsam fir is being taken out. Yet, even though some loss should o¢
- the shading so prov1ded during those early critical years would supp
. shrubs and thus assist the new stand. to. become estabhshed

The growth rate for spruce and balsam was, on the average, four
“that ofhardwoods during the period.for which data are complete
- 46). Hardwoods would likely be stimulated in the Viburnum-Oxalis
where their growth rate equals that of softwoods, if hardwood ¢
were cafried out at the same time.. This type covers 20 per cent
the area and is one type (of the three main ones) where hard,
- predominate in volume. ~

.. To obtain' maximum yields, cutting should take place at least eve
+30 years, not 40 years as at present; and there should be two rota
of balsam fir to one of spruce. Balsam fir should be cut at 60 to 80 v
of age, and- spruce at 120 to 160 years, w1th variations according. o

Spruce is steadlly increasing, with a rxsmg growth rate and dxmmlshi
mortality, whereas mature balsam fir ‘is' breaking up rapidly. -

. The hardwood forest is deterloratmg slowly. The great age o
" yellow: birch ‘and maple can attain.results in.a persistent. popul
of defective trees of little or no commercial value. Silvicultural mea

- would  speed . their ‘removal to advantage. Logging unfortunat
removes only the best, though it does leave a considerable amountiof
crown cover, whose openings should provide opportunity’ for advance
;growth ‘to develop. There is still a field for girdling. if fuelwood cuttm ,
‘1s uneconomlcal i




‘ Hardwoodsoutnumber spruce and balsam onl} on the hardwood
5 Competition on most .of the area is between desirable species
a.n | the underbrush, rather than- between conifers and hardwoods.

e 'I‘he potentxal growth rate of the forest is hngh enough to warrant more
- intensive silviculture, and ‘this possibility has been greatly extended
by ‘the recent increase in value of hardwoods. <

SUMMARY

T} Lake Edward Expertmental Area, ﬁve square miles in area, was estab-
ed in 918, It is situated some 15 miles northwest of Grand'Mere, Quebec
1six mxles west of the St. Maunce River, on thelimits of the former Laurentide
I ser-Company, now. part of the Consolidated Paper Corporation.
t Lakes—St. Lawrence forest region and is typical of the southern
: supplies a great deal of pulpwood in addition to most of the sawlogs
rdwood cut-inthe. province.  The purpose of ‘establishment was to study
growth after cuttmg for” pulpwood ‘

mbst urgent todxscover how Ioug it would take for spruce and balsam
,after cuttmg, and whether silvicultural treatment was requxred

; ccordmgly, a growth study was begun in 1924 Two years later somc'
fth-acre plots had been laid out. For various reasons these were replaced -
936 w1th a grld of ‘tenth-acre plots. These were remeasured in 1946, and

: The snte»type classxﬁcatlon was mtroduced in 1936; all the data taken
efore and after that date were worked up on the basis of the three types covering .

 than 90 per cent.of the area: Cornus (softwood) 19 per cent, 61{ahs Cornus*
ardwood) 62 per cent; and Viburnum-Oxalis (hard-softwood) 20 per cent..
e site-types divide off the hardwood sites from those which are more favour-
able to conifers. The correlations among these types are dealt with by Sisam
‘(7) and Ray (6). -

- From a period-of slow growth and heavy mortality between 1910 and 1925,

he forest ‘entered upon a period of very rapid growth which continued until

946.. 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'736 cublc feet per acre (1 inch'and up, total volumes). The volume increased. -
1, ‘8" bic feet in 1936, and to 1484 cubic feet in 1946, or twice what it

Correspondmg increase in. volume of all hardwoods has only been -
bic feet in. 1925 to 1,233 cubic feet in 1946.
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; Tke occurrence and degree of cover “of the mam plants of the ground vege
: is represented graphlcaﬂy m Fxg. 1. The plants are m each group arranged aceo
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Sociability
(Harizontal Scale}

"_"Grov‘t‘ing\ singly

Grouped or in tufts
In groups ar smalt patches |

insmoll_colanies, extensive

patches:or forming: carpet’

Crow
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TABLE 16

Indicator Value‘ of -Single Species L

Indxcators of
edmm rich’ sxtes

Indxcators

‘of rich sites

Poor mdlcators
“of s snte

Hyiocamum
: splendens
"Hypnum
: schreben

Brachythecium
spp.

 Preridophytes

Lycopodium )
. Iucidulum

Thelypteris
spinulosa

Herbs
: Coptis-
greenlandxca.

. Comus
anadensxs

Araha ! -Medeola

nudlcaulls

vnrgmlana

Oxalis " | - 'Smilacina

montana

Trientalis;
borealis

* racemosa
Streptopus

roseus

Trillium

cernuum

Viola

incognita

Aster .
acuminatus
Clintonia
borealis
Goodyera
repens
Maiantherhum
canadense:
Monotropa
~uniflora
Rubus -
. pubescens

~Trillium

;undulatum

;Dkft\barf;shmbsk, :
:Chioge‘nes, :
hispidula
‘Kalmia- =
i angustlfolla
Vaccinium -
" -'canadense-

Linnaea .
borealis

Taxus - ..
canadensis

Corylus

cornuta’

Viburnum.

lantanoides

Acer

spicatum
Lonicera ..
canadensis

Tree seédlings :
3 Betu]a
: papynfera

cheaﬂ ;
mariana

amer 1cana

Acer

pensylvamcum

Acer

saccharum

‘ Fagus

grandlfoha

Abies’
« balsamea
Acer
“rubrum
Picea rubra

‘Thuja

occidentalis
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19:6 117 263-9

914 - 121 | 1309-9
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