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PREFACE

Countless discussions on the management of northern hardwoods 

in Quebec convinced me of the necessity of undertaking an investigation 

on the ecology and productivity of these forests.

Though substantial research has been carried on in the even­

aged forests of spruce and fir in the boreal region, little has been 

done in the forests of maple, beech and yellow birch. The multiplicity 

of species and uneven-aged structure of the stands probably explain to a 

great extent the reluctance of research foresters to attack this problem.

Tet something had to be done to answer some of the questions 

about the ecological requirements of the various species involved and 

the rate of growth of these forests if any sound silviculture and 

management practices are to be elaborated.

My decision to tackle this problem was not taken without some 

apprehension but Iwas convinced that at least a partial answer could be 

found if not the final solution.

I am deeply indebted to my professors at the University of 

Michigan and to my immediate supervisor, Dr. A. Linteau, for most 

stimulating and helpful lectures and discussions which made my task much 

easier. '

I also wish to thank my employer, the Government of Canada, and 

the University of Michigan for the grants and fellowships which enabled 

me to pursue this research as partial fulfillment for a doctor's degree.

Finally, I would like to thank Messrs. R. Keable and A. Choquette 

for their fine draftsmanship in the preparation of the figures and graphs.

Quebec, P.Q.
December 1963 Guy J. Lemieux
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INTRODUCTION

The economy of the Province of Quebec depends to a great 

extent on forest industry. Vast areas of its territory are heavily 

forested and must remain so, for topography and climate preclude any 

extensive agricultural development and settlement except at the southern 

margin, in the St. Lawrence lowlands. The greater portion of these forests 

is made up of conifers, mainly spruce and fir, and they are the main­

stay of the pulp and paper industry. But south of this conifer forest 

there is also a large area of tolerant hardwoods the importance of which 

is twofold. These forests support a host of small industries: sawmills, 

flooring and furniture manufacturers, etc. Also, as these forests occur 

naturally in the settled part of the Province, they form the greater part 

of the farm woodlots and are an important source of revenue to the 

farmers, particularly the marginal ones who manage to survive because of 

this revenue from their woodlot. •

Forest research, up to now, has overlooked the hardwoods in 

Quebec and concerned itself primarily with the conifer forest, the great 

provider of the pulp and paper industry which comprises all the big 

companies and brings in the biggest revenues to the Province. Yet the 

situation and need for research are far more critical in the hardwoods.

There are hundreds of small industries relying on hardwoods 

% for a living and the market requires quality, not just volume as the pulp 

industry does. The greater part of the hardwood forests have been high- 

graded more than once so that their actual state is pitiful. Some 

thrifty young second-growth stands do exist, but they are in the 

minority. Most existing stands are the remains of "selective" cuttings 

(selection of the best trees!) where canker-ridden wolf-trees were the 
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only seed trees left and still dominate the stands. The only decent 

natural hardwood stands left are found in the Ottawa valley in rough, 

difficultly accessible country and in scattered private woodlots of the 

more prosperous farms. Quality requirements of the market command a more 

intelligent silviculture and management of the remaining natural forests 

and reclamation of the massacred ones, so that a continuous supply of 

high quality trees of the proper species can be obtained. An added in­

centive to intelligent silviculture of these forests is the fact that 

they are far richer and faster growing than the boreal conifer forests 

and their response to treatment much more exciting. But a sound silvi­

culture must be based first on the proper ecological knowledge of the 

forests studied. The various forest stands and their habitats must be 

described and their productivity evaluated. The physiology and genetics 

of the component species must be studied. Investigations in pathology 

and entomology are also required. We have just started scratching the 

surface of such fundamental knowledge in Northern Hardwoods. What is 

more, if we want to make use of the natural forests still in existence, 

we must act nowl

The present work is a small contribution to the elucidation of 

the first problem, namely the classification of the various hardwood 

stands and their habitats, and a first evaluation of their productivity. 

It is imperative to draw a clear distinction between classification of 

habitats which belongs to the field of ecology and evaluation which 

belongs in our case to forest mensuration. .

The present investigation is concerned with a description and 

classification of the various habitats naturally supporting tolerant
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hardwoods, either pure or mixed with softwoods, and an evaluation of the 

growth potential of each valuable hardwood species in each forest-habitat 

type.

It is hoped that the present work will be a step forward in our 

knowledge of northern hardwoods, and serve as a basis for further research 

in their silviculture and management.



PART I

DESCRIPTION OF THE AREA

GEOGRAPHICAL LOCATION

The area investigated in this study is located in the southwest 

portion of the Province of Quebec (Fig, 1), it consists of a crescent 

band extending from Quebec City (71° W long.) to Lake Temiscamingue
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(79° W longe), The width of this band varies from 25 to 100 miles and 

its area is about 25,000 square miles. It is limited to the south by 

the escarpment of the Laurentian plateau as it rises abruptly from the 

Ottawa and St.Lawrence lewlands and to the north by the boreal forest of 

spruce and fir.

This part of the Shield forms a uniform plateau with a slight 

dip to the northwest and a local relief seldom exceeding 200 feet. The 

average altitude varies from 1700 to 1800 feet north of Quebec to 1200 

feet in the western part (Fig. 2). Altitude reaches 3000 feet at one 

place only, the Mont-Tremblant massif, north of Montreal. Finally it 

drops to 800 feet in two long north-south troughs: the Gatineau-Lièvre 

and the St.Maurice valleys.

Most of this plateau despite its northwestern dip drains south 

through tributaries of the St.Lawrence and Ottawa Rivers. The main 

tributaries are, from east to west: the Montmorency, the Jacques-Cartier, 

the Ste-Anne, the St-Maurice, the Rouge, the Lièvre, the Gatineau, the 

Coulonge and the Dumoine. The northwestern part of the area first drains 

west through the head of the Ottawa River and the Kipawa than south and 

east to the St.Lawrence.

The bedrock is generally close to the surface and covered with 

a thin veneer of glacial till and waterlaid materials. Agriculture then 

has veiy little future in this area and settlement is quite thin in the 

eastern half while the western portion is wild country, much of it 

inaccessible. The denser settlement of the Lièvre-Gatineau and 

St ^Maurice valleys follows the extensive alluvial deposits and the re­

entrants of marine deposits which penetrate to about 50 miles up these 

valleys.
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GEOLOGY

Bedrock (Fig. 3)

The area under study is, as said above, part of the Canadian 

Shield. The southern margin coincides with the line between the pre­

Cambrian and Palaeozoic rocks. According to Clark and Steam (i960) :

"About 80 per cent of the area of the Canadian Shield 
is composed of granite gneiss within which are set 
elongate, podlike bodies of metamorphosed sedimentary 
and volcanic rocks ... Most geologists now believe that 
the gneiss which forms so much of the Shield is the 
product of repeated intrusions and that as many as 30 
or hO intrusive cycles will be identified when the 
Shield has been investigated in detail. The granites 
now blendto form an almost homogeneous mass".

The podlike bodies are remnants of the oldest sediments and 

volcanics on record. They are of Archean age (Early pre-Cambrian). 

Their sporadic distribution can be best explained if they are inter­

preted as the lower parts of eugeosynclines that have been almost 

engulfed during orogeny by the granite that now surrounds them. 

Prolonged exposure to erosion may have still reduced their areal 

distribution. The commonest sedimentary rocks are graywacke and 

conglomerate while the volcanics are strongly metamorphosed lavas now 

designated as greenstones. Petrographic studies show that most of the 

greenstones were andesites, basalts and zyolites. Beds of tuff and 

agglomerate were also associated with the flows.

Both sedimentary and volcanic rocks have.been converted to 

schists, and in more intensely deformed areas to gneisses.

The archaean sedimentary and volcanic rocks are not the only 

record of the pre-Cambrian eras. They are overlain unconfonnably by 

much different rocks assigned to the Proterozoic, (,late pre-Cambrian). 

Most of these rocks are quartzose sandstone, limestone and dolomite,
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with some fèldspathic sandstone, shale and lava flows. They are relatively 

undisturbed, compared to the intense deformation of the Archean groupse

"Iron formation is a common sediment in Proterozoic 
sequences and nearly all the major iron ores of the 
Shield are found in beds of this type", (Clark and 
Steam, i960),

In the map (Fig, 3) outliers of these two series of rocks can be noticed 

immediately 10 the north and west of the area under study.

The most important pre-Cambrian series in the area proper is 

the Grenville series. There is still no agreement whether to classify 

the Grenville as Archean or Proterozoic. The important point is the 

presence of this series with its particular rock content. It is 

"a complex of more or less granitized sedimentary 
gneisses associated with large amounts of crystalline 
limestone and with a little lava ... The Grenville 
rocks, which extend from Lake Huron for a still 
undetermined distance along the north shore of the 
St.Lawrence River, were originally composed of 
sandstone, arkose, shale, limestone, and minor lava 
flows." (Harrison, in Stockwell, 1957)

However these rocks have been metamorphosed to marble schist, garnet 

gneiss, quartzite and amphibolite. The sequence at the type locality 

of Grenville is from top to bottom crystalline limestone, garnet gneiss 

and quartzite. These layers over most of the region have been intensely 

folded and intruded by gabbro, anorthosite, diorite and syenite. If 

one adds effect of weathering and erosion, and crystalline limestone 

is most susceptible to this effect (Mackay, 19^9), it is not surprising 

that the typical sequence is not often found undistrubed and that these 

sediments have been preserved only at the bottom of the geosynclines « 

It seems more than a coincidence that the larger known areas of out­

crops of these rocks are concentrated from the Black River region across 

the Lievre-Gatineau valleys to the Grenville township region, that is 
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in the trough of lower elevation mentioned before (compare Figs. 2 and 

3) • According to Mackay (1949), the Gatineau valley largely developed 

on Grenville limestone and the Thurso and Nation Valley Railway also 1 

follows for a great part of its route, a depression eroded in soft 

crystalline limestone, ' In many areas, the upper layer of limestone is 

gone and the garnet gneiss with or without sillimanite is at the surface. 
, *

But wherever present at the surface, crystalline limestone as well as 

basic rocks such as greenstone and anorthosite could be highly significant 

when the acidity and amount of nutrients in the soils of that area are 

considered.
»

Detailed distribution of rocks in areas studied were found 

in the following authors: (Adams 1896, Aubert de la Rue 1948, 1948b, 

Auger 1952, Barlow 1899, Béland 1954, Béland & Bergeron 1959, Béland 

1961, Béland 1954, Bell 1889, Clark 1948, Clark & Lunde 1950, Collins 

1914, Crosby 1944, Cummings & al. 1955, Denis 1936, Denis 1937, Ells 

1897, 1900, 1902, Faessler & Laverdière 1936, Faeasier 1940, 1948, 

Gill 1949, 1957, Gillies 1952, Foudge 1935, Hannah 1952, Harry I96I, 

Henderson 1936, Johnston 1954, Laporte 1952, Logan 1847, 1854, 1857, 

I863, Low 1893, Lunde 1951, 1954, MacGerrigle 1936, Mackay 1947, 
Maùffette 1948, 1949, 1950, 1953, Melihercsik 1949, Osann 1902, Osborne 

1935, 1936a, 1936b, 1951, 1956, Betty 1932, 1933, 1934, Sabourin 1952, 

1955, Smith 1950, Snelling 1962, Thomson 1956, Vennor I878, 1881, 

Wilson 1946, Wilson 1914, 1915, 1918, 1921, 1924, 1925). 

Pleistocene (Fig. 4)

The whole of the Province of Quebec was glaciated. As the 

Labrador ice cap was centered in Quebec, it is not surprising to find 

more gouging and polishing of bedrock than accumulation of deposits over
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most of the Shield. In the area studied, however, which occupies the 

southern margin of the plateau, tills reach two feet or more in depth 

on ridge tops as well as slopes. As the bedrock is mostly granitic, 

thè tills are light-textured sands and sandy loams. In the few areas 

of finer textured rocks silt loams and loams can also be found, .

All glacial tills studied in Quebec up to recently had proven 

to be of Wisconsin age. Lately, however, studies of the Pleistocene 

deposits in the St .Lawrence lowlands have revealed a till (The Becancour 

till) and organic deposits of Mpre-classical Wisconsin" but apparently 

of post-Sangamon time (Terasmae 1958, Gadd i960). The peat deposits 

have a carbon-14 date of 40,000 years. This older till is red, clayey 

and highly calcareous; but up to now it has been found only south of 

the region actually studied.

The southern margin of the Plateau as well as the valley re­

entrants were also invaded by the Champlain Sea. The highest Champlain 

Sea sand and pebble beaches are found at about 650 to 700 feet in the 

Ottawa area and 600 to 650 feet around Quebec (Low 1893; Mauffette 1950; 

Faessler 19475 Mackay 1949) • The maximum elevation of clay or clay loam 

deposits has been reported as 575 feet in the Lièvre-Gatineau trough by 

Mauffette (1950)• The average maximum elevation of these deposits 

reported elsewhere is between 500 to 550 feet (Low 1893; Faessler 1947) • 

Mackay (1947), in a traverse between Quyon and Montebello, finds that on 

both sides of the Lièvre-Gatineau trough, the boundary between clay plains 

and the rock knob upland is abrupt because of the escarpment and that 

the 400-foot contour line approximates this,boundary. in the trough 

itself, he reports clay plains up to 600 feet, 30 to 40 miles north of 

the lowlands. Mauffette (1950) also records varved clays above 460 feet.
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These observations are most interesting if we then consider Goldring's 

(1920) study of the Champlain Sea. Through an inventory and analysis 

of Champlain Sea fossils, Goldring was able to separate three zoned 

types of deposits: normal marine (saline), brackish and fresh water. 

She based her conclusions on frequency distribution of species particular 

to each type of water and on dwarfing and other characters of the species 

different from normal. She also found that the distribution of marine and 

fresh-water species coincided with distribution of heavy clays and varved 

clays. From her map it can be seen that marine waters, consequently 

marine clay deposits, were confined to the St. Lawrence-Ottawa lowlands, 

that the brackish waters extended a short way upstream of the main 

tributaries among which the Lievre, Gatineau and St. Maurice, and that 

further upstream only fresh water was to be found. Going back to Mackay 

(1947) and Mauffette (1950) one can draw the reasonable conclusion that 

true marine clay deposits are found up to 400 feet, brackish water 

deposits from 400 to 460 feet approximately and fresh water deposits 

(varves and others) above 4^0 feet. Such conclusions, if true, are of 

the greatest importance in assessing the fertility of the soils found 

in the area. According to Grim (1962), clay minerals seem to remain 

unmodified during deposition in fresh water but there is a strong 

suggestion that some are modified during deposition in marine water.

"There is a tendency for micas which have been 
degraded in the weathering process by the partial , 

• removal of the interlayer cations to be regraded 
into better crystallized illite and chlorite."

Such changes in the clay fraction could not only affect the ex­

change capacity of the soil but also its physical characteristics as they 

affect compaction, puddling and drainage.
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Consequently, it seems important to define more accurately the 

southern margin of the area studied as the line between the marine and 

brackish water deposits in the valleys and the marine deposits and till- 

covered slopes elsewhere.

VEGETATION

The area investigated is part of a larger vegetation complex 

centered on the Great Lakes and the St .Lawrence valley. It is limited 

to the north by the boreal forest of spruce and fir, and to the south 

by the deciduous forest of oaks and hickories. Frothingham (191$) was 

the first to consider this region as more than a transition between those 

two regions and he named it the "Northern Hardwood Region". He and 

Nichols (1935) showed that the limits of this region coincided with the 

limits of optimum range of eastern hemlock, white pine, red pine and 

yellw birch. They both recognized, however, that the dominant climax 

species on the mesic sites is sugar maple, the next most prominant species 

being yellow birch, beech, and hemlock and also the occasional white pine. 

The dry edaphic climax is commonly a community dominated by white pine and 

red pine while the wet sites support communities of boreal species: black 

spruce, balsam fir, white spruce and larch. They also recognized the 

existence of vast pineries maintained by repeated fires on sites which 

otherwise would also be occupied by the hardwoods. Nichols : work is a 

particularly detailed ecological study of this region, which he called 

the ’•Hemlock-White Pine-Northern Hardwood Region". Halliday (1937) 

preferred the term Great Lakes-St.Lawrence Region (the L Region).

A more intensive exploration also led him to a subdivision of 

the region into sections:

"Such differentiation can largely be traced to 
the effect of local climate, the underlying
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geologic structure, the character of the surface 
deposits, the topography, and the resulting drainage 
plan or to combinations of all these" (Halliday 1937)» 

In Quebec, the gneissic Laurentian scarp was separated as L-b, 

the Appalachian Palaeozoic uplands as L-£, the lowlands invaded by the 

Champlain Sea as L-2 and L-3, the Lake St.John Basin as L-7 and the 

narrow band along the lower St.Lawrence estuary as L-6. ‘

_ Finally, Rowe (1959) further subdivided the L-h section into

subsections. From an ecological point of view, one subdivision seems 

to be justified in Quebec, which corresponds to the Gatineau-Lièvre 

trough of lower elevation, underlain by fragments of Grenville limestone. 

Figure 5 is essentially based on Halliday’s map with some of Rowe’s 

modifications and slight contour modifications based on the writer’s 

own experience. The area of the present investigation is confined to 

Section L-ha, b and c.

Treatment of the section as a whole does not imply by any means 

complete uniformity of vegetation. On the contrary, latitude and altitude 

control the range of most of the tree species of southern affinities. 

In a general north-south direction, the natural forest vegetation on the 

well-drained sites varies from sugar maple-yellow birch to sugar maple- 

beech to sugar maple-basswood. Red oak and ironwood are present on dry, 

warm hilltops in the southern half. Cold stony slopes support mixtures 

of yellow birch, spruce and fir, while dry ridges with thin soil support 

red pine, white pine, white birch and white spruce or hemlock, white 

cedar and red spruce to the southeast. Low lying wet sites support 

either black ash-elm or spruce-fir stands. Fire may bring about any 

number of mixtures of which red pine-white pine-white birch or a spen- 

white birch stands are the most common.
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In the Gatineau-Lièvre trough, the presence of basswood, 

white ash, black cherry and butternut could be due either to the 

presence of limestone or to lower elevation. Basswood was not found 

above 1100 feet altitude either here or in the Algonquin uplands across 

the Ottawa River (Gordon 1955)•

Classification of local site-types has been carried out over 

small areas such a s Lake Edward and Valcartier using the lesser vegetation 

method of Cajander (1926) (Heiniburger 19^1), but no attempt has yet been 

made at a systematic approach to the whole area. .

CLIMATE 1

The earliest plant geographers and climatologists have 

recognized the relationship between the life zones of the world and 

climate (Grisebach 1872, Schimper 190?, KBppen and Geiger 1936, Merriam 

1898, Livingston and Shreve 1921). To define the climate types and 

life zones, various aspects of temperature and precipitation have been 

the most commonly utilized: mean annual temperature and precipitation, 

seasonal variations of both, length of growing season either as frost- 

free days, days with a mean temperature above k2°F or growing degree-days, 

presence or absence of dry seasons, etc. Thornthwaite (1931# l9^0) in 

attempting a more complete and rational approach to climate classification 

integrated temperature and day-length to establish regions of different 

potential evapotranspiration or water need. When combined with monthly 

values of precipitation, potential evaporation made it possible to 

separate regions with seasonal water deficits from those with a water 

surplus. Potential evapotranspiration was also a measure of the thennal 

efficiency of a climate (Thornthwaite & Hare 1955).
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Some investigators (Paterson 19#, 1959, Week 1955, 1957, 

i960) have elaborated mathematical formulae integrating temperature, 

precipitation, radiation and length of growing season. The resulting 

indices not only determined types of climate, but they related these 

climates to potential forest productivity. These indices have been 

discussed by Fardé (1958, 1959) and Lemieux (1961). They are of 

limited value in a regional site classification, where soil factors 

take precedence over climate in the separation of site-types.

Whatever the climatic factors or indices used, a necessary 

sequel to a classification is the mapping of the climate types. Two 

approaches have been used. One, termed "objective" mapping of climate, 

is to trace isolines of the various numerical values of the parameters 

used. Such an approach, though perhaps useful in meteorology, is of 

limited utility in climatology, that is in studies of meteorological 

events as they are related to the distribution of life on earth. First, 

the meteorological stations which supply the basic data are few and 

irregularly scattered across the continents. The actual location of each 

individual station might also be in a highly abnormal situation and not 

be representative of that region. Thus it becomes impossible to 

determine the boundaries of the climatic regions with any degree of 

accuracy. Secondly, the rounded-interval values of the isolines have 

often times very little relation to vegetation zones.

The other approach, based on the assumption that natural 

vegetation is the best integrator of climatic factors, is to sort out 

the stations by vegetation zones and to establish the average and range 

of the various factors for each zone. Such an approach seems much more 

logical, for after all we are trying to find a relation between life-zones
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and the climatic data which might determine them and it is much easier, 

especially today with the help of aerial surveys (Hare 1959), to map 

accurately life zones than such an intangible thing as climate. If 

attention is paid to altitude and actual spot-location of the stations, 

a reasonable correlation should then be found between vegetation regions 

and climatic data if such a relation does exist.

Previous investigators have shown that for the whole Province 

of Quebec there is no water deficiency at any time during the year 

(Klippe n and Geiger 1936, Sanderson 19^8, Villeneuve 19h6). The region 

presently investigated is part of Kflppen’s Df b region: cold snow-forest 

climate, with no dry season and with warm summer. It is a climate type 

of limited distribution around the world. Other areas with the same 

overall type of climate are: a narrow band across Scandinavia at the 

level of Oslo and Stockholm, the Leningrad-Moscow area in Central European 
t 

Russia, the Central plateau of Turkey and the Caucasus, and a small area 

in the Hokkaido-Vladivostok region. According to Sanderson (19^8), using 

Thornthwaite • s system, it is part of the moist subhumid microthermal 

region. But it is obvious to anybody familiar with the Province of 

Quebec that a more detailed subdivision is possible.

It is clear from a quick comparison of Figures 5 and 6 that 

precipitation alone is not a limiting factor in our case. The latitudinal 
arrangement of the forestersgions as modified by topography seems, however, 

to indicate a relation with temperature. So the following values were 

compiled: mean annual temperature, mean tempera tures of the coldest and ' 

the warmest month and mean temperature of May-June -July-August (the four 

principal months of the growing season here). Growing season was evaluated 

as number of days with a mean temperature equal to or higher than U2°F
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as estimated from the smoothed curve of mean monthly temperatures 

(Boughner and Kendall 1959). Growing degree-days were also estimated 

from the same curves. Finally Thomthwaite's (19b8) potential evapo­

transpiration was also calculated for each station. These data are 

listed for the whole Province and averaged by sections in Table 1. 

They were obtained from Gir. 3208 of the Department of Transport 

(Anon. 1959).

One cannot help but notice the remarkable uniformity of all the 

factors considered in each section and their definite gradation from the 

coldest (Bilb) to the warmest (L-2). It is also evident that some sections 

do not differ in climatic conditions. For instance, B-la, B-3 and B-1; are 

parts of the same climatic region and their separation is strictly a 

matter of landtypes which cause a different distribution pattern of cover 

types but not a different potential productivity. This was confirmed by 

a summer of sampling in B-h (Lemieux 1957 ) to compare growth data and 

forest types with those of B-la and B-3 (Linteau 1955) (Linteau and 

Lemieux, to be published). Comparison of data for B-7, L-7 and L-6 

brings out surprising results. The length of the growing season and 

potential evapotranspiration are the same in all three areas. The data 

for L-6, however, show a slight maritime influence: milder winter and 

cooler summer. The data are actually biased because all stations, except 

Causapscal and Matapedia, are located along the shore of the St.Lawrence 

River, the Gulf, or Chaleur Bay. This maritime influence during the 

summer would account for the lower number of growing degree-days, which 

is even lower than in section B-7. A more adequate network of inland 

stations would be necessary to characterize section L-6 properly.



22

PE
 

(in
.)

15
.6

16
 eh

17
.0 .

H

CM Ox Os CM CO
. . . . .

CO CO CO Ox 0
H H H H CM 19

.2 O CM CM Os CM m
• •*•••

Ox Os Os Ox Os Os 
H H H H H H

Ox

G
ro

w
in

g 
D

eg
re

e­
D

ay
s

14
00

16
00

16
90 § mMD ox co ox £y£ cm m H 

0 C 0 rl CM 
H CM CM CM CM

£n 
8

CM XQ CM CO H CM

CM H H CM CM CM 20
72

t

1
n 
§ 
a ro

w
in

g

CM t^XOi co
rî rl rl rl rl rl

^^^88 &

i 

to

Ta
bl

e 1
 - 

Cl
im

at
ic

 Su
m

m
ar

ie
s b

y F
or

es
t R

eg
io

ns
 an

d S
e<

_ . 
A

lt.
 MJLd.

T^
 M.J

a.
T.

 MJu.
T.

 M.M
JJ

A
.T

. G:
(ft

.) 
(F

°)
 

(F
0)

 
(F

O
) 

(F
*»

)

1 
i 
i1 «4

s s g 
1o
jO 

Im
§ 

•H

O

CO
. 

r4

Os H co

0O SO O\
• • •

VO m
1 1 I

CO Ox O
CM CM

cm m 
O CM CM

000

29
.6

 
-4

.6
 

59
.4

 
52

.9

K

E 

i 

0
CO

PQ 

s 

•ri

O 
® 

co
•

CM

CM O V\ O CO 
. . . . .

XA'trxÂ'tn'în

^XO^JO® 

38833

H mH

® m ^co• • • • •
cm m m_ru m m m m m

Q H Ox co m O v\ mH xn 00000 
Ox co co co co

33
.8

 
0J

4 
62

.6
 

56
.7

"f m
T) C a
V «
«

0 
to

CO
• m

vs mH -a® h

888388

O CO Vs cm SO
H H O H CM H

cm m m-^^î_3' m m m m m m

CM vs Q 0 0 0 0 cm 0 mo vs g m-^o 0 ox 
H H H H H

S mvxv\<o Lt m CM Vs CM 0 vs 00 O 0 0 0 CO CO r~-CO CO b-

33
.7

 
1.

1 
62

 J;
 

56
.7

an
nu

al
 tem

pe
ra

tu
re

 - M
«J

a .
T.

 ■ m
ea

n J
an

ua
ry

 ten
pe

ra
tu

re
 - §

I 

% to 1 k to 
I 

1 
1
.

a
i E « 
i 
§

।§ •rl -P s 
I 8 & &

1

3 co

<0 
0

338
CO « M 
«2 g

Ugo

♦ > <c
01 
m

ro « 0

■5587

G n CQ to ri 
0 a 1 co to 
lliil 

A S U P4 <3j

• >

O 0 •
°* %

to too60 43 43 » to 
«a sg^s 0 k Ei B h a E to to to co to < m n. co > «

A
v.

V
 M

JL
n.

T.
 ■ m

ea
n s g

■• % 4 %

a 
43

3 

0 
A1
S



23

oo>cnoooooo
NHHNWCMWWH

°.

CM

1-1 Ux H SHO CM Ox
• ••••••■

OQOHHOHOx 
CMCMCMCMCMCMÇMi—I

XO 

o 
CM

oxtnomj'O o tn 
jHwOOQNCnf- 
nH mcxi n<onr4 
CMCMCMCMCMCMCMCMCM

C>
m 
CM CMCMCMCMCMCMCMCM CM

Ta
bl

e 1 
- C

lim
at

ic
 Su

m
m

ar
ie

s (c
on

tin
ue

d)

® 
N

O 
® 

CO

m o
S

»

PO 

a

I
N

5

3 

o >

PQ J SN -3

!

•p <nw-5V\cnir»iA<ncM -y
•H xQxO^xOxOxOxOxOxO xû 
CO 
c 
g

I 
8 I o

co
0)

co

V\ Ox Ox <nv\ r-1 rt CO Ox

>- Ox CM OxCM OxHxO CM xO | •••••••• •
1-3 CM rl O JCM CM JCM CM

oxj'O r-o oxo-3• ••••• • * 
XAXAXAxO xO U\ t—XO

Q O xO VXxQ irx Q co 
u\ OxXO C— <»xco CO H 
mlA rn <*xir\-4 H XO

Ux H OO XO OxVxlA H 
m C'A-4 CM CM CM CM cn 
OO O O O O O o 
COCOCOCOCOCOCOCO



2U

CM CM H<XI<MCMCMOJCMOJCMCMH<M CM

SO I 
B ® 
H ® m
p qO (U OX CM CM CM CM H CM 

H CM CM CM CM CM CM

CM

CM CM CM CM CM

CO MD 
CO

CM CM CM CM CM CM CM CM CM CM CM CM CM CM

bO

® TD 
O to v

*0)

co 
e

MD

Ta
bl

e 1
 - 

Cl
im

at
ic

 Su
m

m
ar

ie
s (c

on
tin

ue
d)

30

QO

S-

c o

a

c o

m
co

S
® o 
c ®

w

§
O 
® 
to

CM

ux&fn&Sx fain

O O O

co

CM CM

MD

CM

m ®
3 
co ©

O O
® I

OHB 
ou a 
A*® Q co

g
» w o o 
□ msg

3 
co 
®

2
K
<0

I

§
o 
® 

to

n■p ® I A .5 mo® So

% c

CO

MD

co

■p w • o 
comms

m 3 
I

m
o

>

n l
5 8 
fit

s ®
®

O 43

s to

a 
o c



25

•5
cm o\ m c—m m
• ••••••

H O CM O O O O 
CM CM CM CM CM CM CM

6e 02

r-co h enm en en cm o oxm cm Ox cm cm co 

^•^^HCMcHeHCMCMCMCMCMHCMCMrH 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM

G
ro

w
in

g
D

eg
re

e-
D

ay
s Ox Q O 1AO Ox Ox

SS6R2S3

CM CM CM CM CM CM CM

a
CM cm cm cm cm cm cm en cm en en

H O Ox H -a Q 
en o H O Oxco 
H H CO H O CO 
en en CM en en cm

G
ro

w
in

g 
Se

as
on

(d
ay

s)

CM F- MAJvO m 
r?H rirïrÏHrl F^ -A

-921 HQ mcj r-imcM-amF-mco Osf- 
cocococoaocoaooooooococococoaoco 
HHHHHHHHHHHHHHHH

iim
na

rie
s (c

on
tin

ue
d)

M
.Ju

.T
. M^JJ

A
.T

. 
(F

°)
 

(F
°)

(A
pp

al
ac

hi
an

 Pl
at

ea
u) eno O\ r-l C- F-

H MD CM O CO

O O MD MD MD MD MD 6U
.6

 
59

.1

co 
M
m 

T5
C
1

œ 
o 
1

•p 
co

h-^-a cm o co ox CM F-mcoco o_amrH 

cm o o o oxxo oxomn -a-a-aMD cm o
• ••••••••« e e e • • • 

XQ F- Oxm F- F-CO F-CQ Ox CO CO XO F-CO CO 
xOMDxOxO<d<OxOxO'3s£)xOxO'5xO'-OxO

Le
 1 

- C
lim

at
ic

 Su
M

.A
n.

T.
 M.Ja,T

 
(F

°)
 

(F
°)

h.
 Se

ct
io

n L
-5 MD OO O CM O CM m

• ••••• •
CO H O O CM O Ox 

H H H H H

m en ox o co co o.

F- Ox CO CO CO CO F­
en en en en en on <n

-i 
co 
en

en
4

c

o 
®

co

m

-ao mo -a o -a mm en 

5^5555^8^5

C^^MMD
OOxHOxoOOxOOO 
-a en_a en-a-a en _a-a-a

CM U\^cj\O\O

555555

O O O H H H

s
-a) 44

^)Q .Q m_amo 
OxQ mo H f-cm 
■4H HO eno O 

H H H rl H

-3 Q eno Q co 
F-O O C-O F 

CM mcM enxo

O CM JlAWjm 
en cm _qm eno o 

O o o p p o oF-1—o mmo o
MD A

v.

"$nxO%A& % MD MD MD ?HMD MD MD

-s-s pj -a -a -a -a -a -a -a -a -a -a -a -a -a

St
at

io
n

&
‘6» <0

2 5 1

VS
2? a&E-g

O O S W O J5 O

co h <« q >4 en P

2

g =â

Rij g ÛC bO h ® 
m pd <O 3 0 -H to -P

|5J. S'g'SS 6A-S

M O CQ U Q O CO CQ CO

to
S to^^

#® H H H

■P Ci h C M 
® i ® o q l^lh

S S ” q m m



26

Ta
bl

e 1
 - 

Cl
im

at
ic

 Su
m

m
ar

ie
s (c

on
tin

ue
d)

(H
.)

rl O W CM H 
CM CM CM CM CM

Ox
•

H 
CM

XO Ox CO ux CM m CM CM CO CO CO 1T\ ox co o r^_

CM CM CM en en rd ex cm cnCM CM CM CXCXCXCX 
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 23

.0

bû | 
C to

A to
C3 Q

&

Q

QOCM SO

CM CM CM CM ft

ux

R
CM

cm oxoxqco exc—mçmxo s-o h s-ox 

cxcxexmcxcxmexexexex en en en ex ex
8 
en

to
5 § 
S m

00

co
H H V\V\ r- 
60 CO CO co co CO Q Ox S- CM Q OxfXQCMCOVXQxO-^HCM 

Ox CO CO Ox Ox CO Ox Ox CO Ox O'. Ox Ox OX Ox &O cy 
k to

H rd rd rd rd rdrdrdrdrdrdrdrdrdrdrdrdrdrdrdrd
O cn 
•

^6^ Ox
• ^J^xq OX MD CM ^-qCM O OX

•

%
SSSxo^ 8

CO m

88*8 8888 888888888 8
• K

<0
* •

EH• 
y

1
O rl o 'C CO
• • • • • -S ’ey q co co q H xq co ox o cm ox VA 

♦
r& a XQ V\\Q MO C- 

xO xQ xd xO xO 8 to
£ 88 88883832388828 3

G c
O ' o

• to %,
Eh

cn r-M CM CM 60 m CM S-m - -----g CM co O co Ox CM CM CM CM CO -=t CM COQ O ►Î

G

• • • e • • J.

G

♦
^0. 
s

s

O o
ÿ

• O oEh to
in e; cm cxj c

to
CO 1A 

♦ CO co cm o en ex CM m c «n-a o xo ox s- ox
• ••••♦♦• e • •••••• xO

•
«40 • Ox Ox O H CM o • O H H CM H H OxnOxNHCMHw en rdV\ xO rn_^ <n-=r-3-G_s_3_^_=r

Si C^XAUXCO o 
m % \o 58

CO OxxO o en O\ o CM m CM CM Q CD CO In CM 
-yCMHHHxooOCMs- en In Ox Ox s-O 

en_y-=f-3 CM rl n H H rl H H

•

\0%x8\&%X
CM H xO CO Ox Ox en CO rd Ox Ox ^-ln OxO

A
O en ni H -e en en cxrxrl H w w H en xo SxBnSninuxin^n^n^xSnSntn&MnSn

mJ" «^1 • .
>

to
60

a
G to rd O to

e to A to 5 5 43 ° ° S 43

5
= tï 8 to igog^ g88|

CO
tn

8S« S5

PQ H M A cn

HsSesgEB.l-gss^tsï
couttî^opmtototnüfqSSOTm



27

Sections L-h and L-5 are also similar with respect to climate 

and bedrock geology seems to be the most important differential factor.

Finally sections L-2 and L-3 seem well differentiated 

climatically, and both also differ from the other L sections.
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PART II

ECOLOGY

INTRODUCTION

It vas Taneley (1935) who recognized the relations between 

organisms and environment as one category of the physical systems of 

the universe, a category which he called ecosystems.

"They are of the most various kinds and sizes. 
They form one category of the multitudinous 
physical systems of the universe, which range 
from the universe as a whole down to the atom".

He also pointed out the philosophical implications of such a theory, 

implications which even today are not fully recognized and sometimes 

completely overlooked by many ecologists.

One essential property of any physical system is that it 

"shows organization, which is the inevitable result of 
the interactions and consequent mutual adjustment of 
their components. If organization of the possible 
elements of a system does not result, no system 
forms or an incipient system breaks up. There is 
in fact a kind of natural selection of incipient 
systems, and those which can attain the most stable 
equilibrium survive the longest. It is in this way 
that the dynamic equilibrium is attained. The 
universal tendency to the evolution of dynamic 
equilbria has long been recognized. Some systems 
develop gradually, steadily becoming more highly 
integrated and more delicately adjusted in equilibrium. 
The ecosystems are of this kind and the normal autogenic 
succession is a progress towards greater integration and 
stability. The "climax" represents the highest stage of 
integration and the nearest approach to perfect dynamic 
equilibrium that can be attained in a system developed 
under the given conditions and with the available 
components" (idem 1935).

Organization exists then both within and between the organism 

complex and the environment complex.

Another property of physical systems is that they exist at 

different levels of integration and that individual systems can be 
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isolated inside each of these levels and consequently classified.

Isolates are necessary^ '

"The whole method of science is to isolate-systems 
mentally for the purposes of study (idem)

Actually systems we isolate mentally interlock or interact with one 

another or are parts of larger ones.

"The isolation is then partly artificial, but it is the 
' only possible way in which we can proceed (idem)".

But the isolates, though artificial to a certain extent, 

are not completely arbitrary. The natural systems mentioned above 

which have attained a more stable equilibrium are real and can be 

separated for study purposes, keeping in mind that they a re parts of 

larger systems determined by different limiting factors, that they 

interact with neighbouring systems and that they nay be in turn sub­

divided into smaller micro-ecosystems. In other words, arbitrariness 

lies only in the choice of the level at which we want to sort out eco­

systems .

For instance, the life-zones of the world mentioned before can 

be considered as the primary terrestrial ecosystems, determined primarily 

by the great regional climatic complexes created by earth configuration 

and rotation. These zones can be subdivided into secondary ecosystems 

determined by regional climate and sometimes geological complex. A 

third level of subdivision is then possible where the ecosystems are 

determined by landform, topography, soil and microclimate. This is the 

practical level of interest to the forester for it results in units of 

reasonable size for mapping and management purposes and of relatively 

uniform productivity.

One thing must be kept in mind however. At all these levels, 

the complexity of the causative agents and their interactions preclude 
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accurate subdivisions of ecosystems strictly on the basis of these agents. 

If the ecosystem theory is correct, that is if any system really requires 

organization and integration of its whole and of each of its components, 

and if an essential part of the functional processes of the ecosystem is 

biological, this means that the organized plant community must have the 

same areal limits as the physical part of the ecosystem and that deli­

mitation of this community delimits the ecosystem as a whole. Such a 

delimitation circumscribes the area in which research on causative 

agents of each ecosystem can be concentrated.

The determining, essential part then of the ecosystem is the 

community. In the case of natural, undisturbed ecosystems which have 

reached equilibrium, it is true that the boundaries of the community 

coincide with the primary stable parts of the physical environment ‘ 

such as topography and landform. However, this is not so in the case 

of the artificial, temporary ecosystems of secondary succession after 

fire or human intervention. Secondary succession is a succession of 

unstable ecosystems at first short-lived, then more and more stable till 

the original natural ecosystem is re-established. For instance, on a 

given landform in a single locality, depending on the intensity of the 

disturbance (e.g. fire) a variety of communities can became established, 

which form so many individual ecosystems and the limits of these eco­

systems are those of the canmunities reflecting the degree of disturb­

ance and not those of the stable primary c opponents of the physical 

environment such as topography and landform. Present productivity is 

closely related to these temporary ecosystems, not to landform.

The importance of vegetation does not detract, however, from 

the utmost importance of classifying and mapping landforms and drainage 
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patterns. Knowing the plant community might be sufficient to recognize 

and map the ecosystem on the ground, but more and more site classification 

and mapping of large areas is done from aerial photographs. So we must 

know the relationships between each natural ecosystem and factors of the 

environment, such as landform, topography and drainage pattern, elements 

which are essential to stereoscopic interpretation of photographs. In 

forestry, it is also important to ha ve a map of land types and landfonns 

for the location of roads and road building materials.

Knowing the relation between natural ecosystems and landforms 

is also the only way to solve thg problems of allogenic successions on 

the same landforms. The relation between the secondary community 

(secondary ecosystem) and the original natural community can only be 

established through history and their common tie to a given physical 

environment. This way the developmental trend of secondary communities 

can be established through careful study (Aichinger 1951a, 1951b).

In the present investigation, only the natural or very little 

disturbed ecosystems growing tolerant hardwoods in pure or mixed stands 

have been studied in an attempt to establish a basic framework to which 

can be tied later the secondary, allogenic and transitory ecosystems 

which presently occupy in part some of the sites. *

METHOD OF STUDY

' In each ecosystem a study was made of the forest community and

its soil profile, and of the most relevant elements of its physical 

environment, that is elements which can serve both as additional criteria 

for ground identification and as criteria for photo interpretation, and 

can influence choice of silvicultural treatment.

In the description of the forest community, a choice of a phyto- 

sociological method was made after due consideration was given to numerous 
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published discussions on the subject (Curtis 1?#, Whittaker 1962, Poore 

1955, Becking 19#). It is obvious that once the existence of separable 

natural ecosystems is recognized, one cannot accept the theory of purely 

arbitrary segments along a gradient or a continuum. A classification of 

natural units is possible. That no two units are exactly alike is 

conceded from the start (Gleason 1939) • No two individuals of a species 

are exactly alike either; yet we have,species. The problem then remains 

that, admitting the existence of separable, discontinuous communities, 

what is the best way to describe them and on what basis should we group 

them into a classification? Cajander’s (1926) emphasis on dominant 

species of the lesser vegetation has led to successful classification 

in the species-poor boreal forest of Europe and Eastern Canada (Linteau « 

195# üvessalo 1929; Kujala 19b# Lafond 1956; Bellefeuille 1932). In 

the temperate regions of Europe, Braun-Blanquet’s (1932) a pproach has 

been much more widely accepted (Tttxen 195b, i960; Horvatt 1950, 19#; 

Ellenberg 1939, 195b; Etter 19b?» 1953; Soo 1951, 1952; Moor.1951, 1958; 

Richard 1961; Lebrun et, al 19b9)• More emphasis is given in this 

approach to plants of lesser abundance but of greater affinity to a 

community without for that matter neglecting a bundance. The whole 

assemblage of species is taken into account, as well as the vigor and 

manner of distribution in the stand of each species. in this approach 

the manner of presentation of the results is also most important. All 

the individual species lists are grouped together in tables. By so doing, 

it is possible at first glance to see the variation between individual 

releves of each community type. The characteristic species group of each 

community type is sorted out and allows quick reference for the class­

ification of a new relevé.
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In the present investigation, Braun-Blanquet’s scales of 

abundance-dominance and sociability have been used with slight 

modifications. The subdivisions of these scales are broad enough to be 

easy to apply and yet give a significant account of the physiognomy of 

a natural plant community where natural variability is inherent. The 

scale cannot be more precise than the nature of the thing measured. 

Counts of individuals, measured distances between individuals and all 

other pseudo-precise measurements of vegetation, especially forest 

vegetation, cannot add to the value of a vegetation study and are on 

the contrary quite misleadinge In Braun-Blanquet’s scale of abundance­

dominance a species may be rare (r), present but covering less than 

5 per cent (easy to overlook) (+), abundant and easy to find but covering 

less than 5 per cent of the area (1), covering $ to 2$ per cent of the 

area (2), 2$-$0 per cent (3) 50 to 75 per cent (h) or more than 75 per 

cent of the area (5)» It must always be kept in mind that this scale is 

more a qualitative than a quantitative estimate.

The sociability scale admittedly is more difficult to apply or 

interpret and some phytosociologists shy away fran it. Braun-Blanquet 

himself le not clear enough on this matter (1932). What constitutes 

an isolated individual, a: tuft, a clump, a patch, a small colony or a 

pure population is a matter of scale and perspective. The writer has 

however maintained the use of this scale as it does, in his interpretation, 

add something to the description of the vegetation. Sociability in this 

study was appreciated in relation to the size of the individual plants 

and of a fifth-acre plot normally used in forest sampling and employed 

in this study.
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For lesser vegetation (shrubs, herbs and mosses) sociability 1 

indicates individual plants growing singly while sociability 2 indicates 

tufts of a few individuals. The degree of ramification of individuals 

must not be "overlooked « Sociability 1 indicates that each "true" 

individual is separated from its neighbour by a distance equal to or • 

greater than its height and sociability 2 that two or three individuals 

are closer than that to each other. Sociability 3, h and 5 for lesser 

vegetation and shrubs is appreciated in relation to the abundance­

dominance scale and the size of the plot. If a species has an abundance­

dominance, let us say, of U, and it is well concentrated, in one large 

colony, then sociability is given as $e If it is distributed in three 

or four patches, sociability is given as h, and if distributed in 

numerous small clumps all over the plot, sociability is given as 3#

The sociability scale is much more difficult to apply in the 

forest stratum: the observer lacks the proper perspective over the 

surrounding area to appreciate sociability realistically. The values 

1, 2 and 3 were used, but not strictly as a sociability scale. They 

served more as a simple appreciation of distribution of individuals 

according to their regeneration habit. Sociability 1 indicates single 

trees, generally of seedling origin, while sociability 2 indicates 

clusters of stump sprouts and sociability 3 would cha racterize small 

dense poplar clones for instance.

A parallel evolution of the soil profile and the plant 

community being implicit in the ecosystem theory, a close correlation 

should exist between each natural plant association and its pedogenetic 

profile. The study then emphasized those properties of the profile 

which influence and reflect the pedogenetic processes involved: type 



of humus with its principal chemical properties, thickness of each 

horizon, variations of texture between horizons, texture, structure 

and compactness of parent material and its geological origin, intensity 

of leaching of free iron oxides, presence of seepage and depth to water 

table, presence of mamorization, pseudogley or gley. The nomenclature 

used was that of Kubi8na (1953) and Aubert & Duchaufour (1956) adapted 

to our conditions by the writer,

Finally all relevant physical factors of the environment were 

also noted: latitude, altitude, topography, landform, exposure, percent 

slope, type of bedrock when exposed.

Field procedure

Sampling was distributed throughout the region as evenly as 

accessibility would permit. The following areas were sampled: Belleterre 

(11 plots), Kipawa (12 plots), the Dumoine (21* plots), Gatineau, Lièvre 

and Rouge (109 plots) watersheds and the foothills between Shawinigan and 

Quebec (18 plots) for a total of 17h plots. Figure 5 shows the location 

of these areas.

In every area the procedure was to first select a representative 

block 300 to 600 acres in size from topographic maps (scale: 1:50,000) 

and aerial photographs (scale: 1:15,81*0). The main criterion for the 

choice of a particular block, besides its accessibility, was the degree 

to which it was representative of the range of habitats of the area. 

The various cover types were delineated on the photos then further 

stratified by physiographic sites:' combinations of landform, exposure 

and degree of a slope as they affect drainage and microclimate. Such 

a stratification was far easier on spring or fall photographs with no 

leaves on the trees. Transects were then planned to cut through all 
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variations possible. Each tentative ecosystem thus sorted was then 

checked on the ground for homogeneity. Adjustments in the photo 

demarcations were made when necessary and a fifth-acre plot established 

in each homogeneous ecosystem (uniform physiographic site and uniform 

plant community)« Once each block had been thoroughly studied, a check . 

sampling was carried out in adjacent areas to see whether any new 

combinations might be found.

• Each plot was first located as to latitude, longitude, 

altitude, exposure, degree of slope, position on slope, landform and 

bedrock type.

A soil pit, three to four feet deep (average maximum depth 

of C horizon), was dug out and a description of the profile made. Type 

of humus and color and structure of the various horizons were noted as 

well as depth of rooting of trees and lesser vegetation. Drainage 

was evaluated from profile characteristics such as stoniness, texture, 

compaction, mottling and presence of visible water. Each horizon was 

sampled for later laboratory analysis. A composite humus sample was 

also collected from four or five stations within the plot. On most 

sites, the humus was quite thin and very difficult to sample. The 

surface leaves were scraped away, then the humus sample collected also 

by scraping with a knife.

As complete a list as possible of all plant species present, 

including trees, was made and the abundance-dominance and sociability 

of each assessed.

. Photographs were taken of stands and soil profiles of represent­

ative individuals of œch typical ecosystem.
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Laboratory procedure

a, The vegetation relevés were sorted out into tables and 

associations, subassociations and variants defined.

b, The following chemical properties of the humus samples were 

determined; pH, percent organic matter, percent total nitrogen, C/N ratio, 

cation exchange capacity, exchangeable calcium and percent base saturation.

c. For the mineral horizons, texture, humus and free iron oxide 

content were determined and the iron-lea ch in g index (indice d’entraîne­

ment du fer) calculated.

Methods used in the chemical analyses were those recommended 

by Amiot and Bernier (1962), except in the determination of free iron 

oxide where Asami and Kumada’s (1959) method was followede

Particle-size analysis of mineral horizons was done by the 

hydrometer method (Bouyoucos 193k, 1953)» Sodium hexametaphosphate 

was used as dispersing agent and a reciprocating shaker invented by the 

writer replaced the standard mixer (Lemieux, in press). Good dispersion 

was assured this way without any attrition of soil particles visible 

even under the microscope. Once the hydrometer readings had been taken, 

the sandy portion of each sample was retained and washed in a No. 2 70 

sieve then oven-dried. The sand fractions were then separated by dry 

sieving and the total weight of sand checked against the hydrometer 

reading.

RESULTS

As stated earlier, the ecosystem .is delimited by its biotic 

community, that is the limits of both coincide. In order then to 

separate the different ecosystem types, the vegetation relevés or 

floristic lists were sorted out in tables following the methods of the 

ZArieh-Montpellier school and community types were determined.
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Broad groupings related to variations in cover type were 

evident from the start. One group consisted of mixedwood stands with 

yellow birch (Betula lutea Michx.) while another showed a dominance of 

black ash (Fraxinus nigra March.). The most important group however 

showed strong dominance of sugar maple (Acer saccharum Marsh.). The 

second most important tree associate in each stand was then used to 

subdivide these groups. Such a reliance on tree species was justified 

in the present case where only undisturbed (or very slightly disturbed) 

stands were sampled and where* abundance of regeneration of these same 

tree species was also considered.

The validity of these first subdivisions was corroborated by 

a look at the leeeer vegetation. Each community separated had its group 

of indicator species. Some indicator species also made possible a third 

subdivision.

One thing however was obvious f rom a comparison of the 17 u 

relevés at the very beginning. That is that the concept of fidelity 

and exclusiveness would be of little use if adhered to strictly in the 

separation of associations. The flora of the region as a wholerwas 

found to be much poorer than expected and reliance on relative abundance 

of certain species and ecological indicator value of others such as hydro­

phytes and eutrophytes was necessary. Besides in view of our present 

limited phytosociological knowledge of North American vegetation, it was 

deemed premature to categorize certain species as "characteristics" and 

"differentials" of given communities in the sense of the ZÛrich-Montpellier 

school (Becking 1?62). In fact, the scarcity of exclusive species at 

the level of the association and sub-association is being recognized more 

and more by phytosociologists (Becking 195% ; Richard 1961). The boxed-in 
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species groups in the accompanying tables are to be looked upon as 

strictly groups of indicator species, not as ".characteristics" or 

"differentials".

On the basis of these indicator groups of trees and lesser 

vegetation, eight associations were recognized. Some of these were 

further subdivided into sub-associations and one variant to end up with 

fifteen ecosystem types as listed in Table 2.

1. Ecosystems dominated by sûgar maple

By far the strongest competitor and most abundant species on 

all sites except the cold or wet is sugar maple (Acer saccharum Marsh.) 

It dominates the upper canopy and its regeneration is most bountiful. 

The abundance of sugar maple seedlings is a major hindrance to 

regeneration of all other species except that of beech (Fagus grandifolia 

Ehr.) which holds its own against maple wherever it is present. Five 

major associations can be recognized in this mate of maple dominated 

stands. The name of the second most important tree species is used as a 

prefix to designate the association. These five associations are:

a. Betulo-Aceretum sacchari (B-As): sugar maple with yellow birch, 

b« Fago-Aceretum sacchari (F-^ks): sugar maple with beech, 

c. Ostryo-Aceretum sacchari (O^As): sugar maple with ironwood (Ostrya

Virginians (Mill.) K. Koch.)

d. Tilio-Aceretum sacchari (T^ks): sugar maple with basswood (Tilia

. americana L.)

e. Ulmo-A cere turn sacchari (U-As): sugar maple with American elm 

(Ulmus americana L.)

It will be noted that the prefix is Betulo-, Fago-, etc. and 

not Betuleto-, Fageto, etc. As pointed out by Richard (1?61, p. 12),
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Table 2 - Ecosystem types

I Betulo-Aceretum sacchari (BnAs): Yellow Birch - Sugar Maple

ae taxetosum: with Canada yew.
b. fagetosum: with beech.
c. fagetosum var. humid: with beech, humid variant.
d. tiarelletosum: with false miterwort. .

II Fago-Aceretum sacchari (F^As): Beech - Sugar Maple

a. oxaletosum: with wood sorrel.
b. tilietosum: with basswood.
c. polystichetosum: with Christmas fern.

Ill Ostryo-Aceretum sacchari (O^As): Ironwood - Sugar Maple.

IV T ilio^A cere turn sacchari (TtAs): Bas^ood - Sugar Maple.

a. typicum: typical.
b. juglantetosum: with butternut.

V Ulmo-A cere turn sacchari (U-As) : Elm - Sugar Maple.

VI Abieti-Betuletum luteae (A-B1): Balsam Fir - Yellow Birch.

a. typicum: typical. ’
b. tsugetosum: with hemlock.

VII Ulmo-fraxinetum nigrae (U-Fn): Elm - Black Ash.

VIII Betulo-fraxinetum nigrae (B-Fn): Yellow Birch - Black Ash.
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ths rules of nomenclature specify that the suffix —etum be added only to 

the name of the genus representative of the association while the 

differential genus name needs only an euphonic connective vowel which 

is ”o" for names of the first and second latin declension and "i" for 

names of the third declension. From the point of view of latin 

correction this makes sense. The suffix -etum added to the genus name 

of a tree species indicates a stand of this species: Aceretum = stand of 

sugar maple. The differential genus name which precedes it is used in 

the dative case (-ae of the first declension being replaced by -0 for 

euphonic reasons) to qualify further the type of stand. For instance, 

Fago-Aceretum sacchari means a sugar maple stand, with beech (in French: 

une érablaie a hêtre). Fageto-Aceretum sacchari would mean a sugar 

maple stand with a beech stand (in French: une érablaie à hêtraie) which 

is meaningless. ‘

a. The Yellow Birch-Sugar Maple association: -

Betulo-Acereturn sacchari (B-As) (Table 3) 

Vegetation:

The stand of this association is dominated by sugar maple 

(Acer saccharum Marsh.) and yellow birch (Betula lutea Michx.) (Fig. 7), 

Balsam fir (Abies balsamea (L.) Mill.) and white spruce (Picea glauca 

(Moench.) Voss) are generally present in the understory, but few trees 

ever seem to reach the upper canopy. Some typical species of the maple 

forest in general are present in the lesser vegetation such as Trillium 

erectum L., Smilacina racemosa (L.) Desf., Polygonatum pubescens (Willd.) 

Purch, and in the spring Eiythronium americanum Ker. But they are not 

abundant. Many species common to the boreal forest still dominate the 

lesser vegetation. Lycopodium lucidulum Michx., Dryopteris spinulosa
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(0^. Mue 11.) Watt., Streptopus roseus Mirhx. and Clint onia borealis (Ait.) 

Raf. are among the most common.

This association can first be subdivided into two broad groups. 

The first group includes all stands where red maple (Acer rubrum L.) is 

a common associate along with species of the lasser vegetation such as 

Trientalis borealis Raf., Aralia nudicaulis L., Malanthemum canadense 

Desf., Trillium undulatum Willd« and Lycopodium obscur  urn L.

In the second group the tree associates are blacÆ ash (Fraxinus 

nigra Marsh.) and American elm (Ulmus americana L.) while in the lesser 

vegetation is found a host of moisture-loving eutrophic species: Tiarelia 

cordifolia L., Arisaema atrorubens (Ait.) Blume, Adiantum pedatum L., 

Dentaria diphylla Michx., Osmorhiza Claytoni (Michx.) C.3. Clarke, Carex 

intumescens Rudge, Athyrium thelypterioides (Michx.) Desv. and Cinna 

latifolia (Trev.) Griseb. The latter group is homogeneous and forms the 

B-As tiarelletosum sub-association.

The first group however can be subdivided further into two 

communities: one without beech (Fagus grandifolia Ehrh.) nor Viburnum 

alnifolium Marsh. and with a ground cover of Taxus canadensis March., 

the B—As taxetosum sub-association, and the other with beech, Viburnum 

alnifolium, Mitchella repens L., Medeola virginiana L. and Diyopteris 

noveboracensis (L.) Gray, the B-As fagetosum sub-association.

A humid variant of the latter is also recognizable by the 

presence of Viburnum cassinoides L., Osmunda cinnamomea L.« Rubus 

pubescens Raf., Dryopteris phegppteris (L«) Christens, and Athyrium 

Filix-femina (L.) Roth. (See Table 3)



Habitat and Soil:

The first breakdown of this association into two groups 

corresponds to a major separation of habitats.

Both the taxetosum and fagetosum sub-associations occupy well- 

drained, fresh knoll tops and medium slopes of any orientation but at 

different latitudes, the taxetosum sub-association at the border of 

Halliday’s B-7 and L-h regions (in the Belleterre area), the fagetosum 

sub-association to the south about half way down the Dumoine River.

The parent material in both cases is a stony till of sand to 

sandy loam texture at least 25 inches thick over bedrock. Rooting depth 

remains within this limit even if loose soil is deeper.

The soil profile developed under both associations on these

sites is a podzolic soil (F) (sol podzclique of Duchaufour, minimal 

podzol of HSBC) (Fig. 8). This is the most common type of soil profile 

found on the well-drained fresh sites under hardwoods throughout the 

region investigated. The intensity of podzolization varies from one 

association to the other but is always much weaker than in a typical 

podzol. All horizons are weakly developed and thin. This seems due 

mainly to the type of humus found under the hardwoods which is quite 

different from thé mor developed under softwoods. This type of humus is 

intermediate between the true mor and the mull and KubiBna (1953) calls 

it a moder (Md)-p The "H” layer of this type of humus is in reality more 

an ”A”^. It is black and consists strictly of a mechanical mixing of 

mineral and organic particles. There is no clay-organic matter complex 

as in the true mull. The mixing is mostly the work of insects and other

1 = Abbreviations used in the association tables.
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arthropods; there is no earthworm activity. The lesser intensity of 

podzolization is indicated in part by the "iron-leaching index", that is 

the ratio between free iron oxide in the B and the Ag horizons. This 

index is about 5 to 10 in podzolic soils while it varies from 10 to 20 

but can go up to 90 in true podzols. The "A"j layer is always*thin, 

varying from traces to 1 inch. The "A" horizon is a uniform gray to 

salt-and-pepper and varies in thickness from to 3 inches, except­

ionally h inches. The "B^" horizon is either absent or very thin (j in.) 

while it is often impossible to separate on a color basis a "3g" from a 

"B^". in any case, the "C" horizon starts between 10 and 20 inches from 

the surface. On weak slopes and flats over a fragipan or compact basal 

till, a slight mottling (marmorization) indicates periodically moist 

conditions but the profile as a whole contains all the typical podzolic 

horizons (Pm) (Fig. 9). These sites support the humid variant of the B-As 

fagetosum sub-association.

The second major subdivision of the Be tulo-A ce re turn sacchari 

association contains only one type, the B-As tiarelietosum sub-association 

This type is restricted to the flat to almost flat foot of slopes of 

the Gatineau-Lièvre trough and the Mont-Tremblant area. The parent 

material is a deep loam of alluvial origin with abundant telluric moisture 

The profile developed in these moist conditions is an acid brown soil (Ba) 

with a humus of the moder (Md) or mull-like moder type (MuMd). The "A " 

horizon is absent and the "B" horizon is brown throughout and impossible 

to subdivide on the basis of color variation alone.

To summarize, the ecosystem characterized by the sub-association 

B-As tiarelletosum is in a class by itself with better moisture conditions 

and a richer humus as can be noted in Table h»
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b. The Beech-Sugar Maple association: 

Fago-Aceretum sacchari (F-As) (Table 5) 

Vegetation:

The stand of this association is dominated by sugar maple but 

the second most important species is beech (Fagus grandifolia Ehrh.) 

(Fig, 10), Yellow birch however is still an important component. In 

the lesser vegetation, characteristic species of the sugar maple forest 

are more abundant than in the preceding association. They are Trillium 

erectum L., Smilacina racemosa (L.) DesfPolygonatum pubescens (Willd.) 

Pursh, and in the spring Erythronium americanum Ker., Claytonia caro- 

liniana Michx., Dicentra Cucullaria (L.) Bernk. and Dicentra canadensis 

(Goldie) Walp. There is still however a great abundance of boreal 

species such as Lycopodium lucidulum Michx.. Streptopus roseus Michx, 

and Dryopteris spinulosa (O.F. Muell.) Watt. This is particularly true 

in the case of the sub-association F-As oxa le to sum where Oxalis montana 

Raf., Clintonia borealis (Ait.) Ref., Acer spicaturn Lam. and balsam fir 

are a Iso common. Red spruce (Picea rubens Sarg.) is also a common 

associate in this sub-association. In the F-As tilietosum sub-association 

basswood (Tjlia americana L.) though not very abundant becomes a regular 

component of the stand, and acidophilous species such as Acer spicaturn Lam 

and Oxalis montana Raf. disappear. in the F-As polystichetosum, the most 

important and unmistakable difference is the presence of Christmas fern 

(Polystichum acrostichoides (Michx.) Schott) and occasionally of Polysti­

chum Braunil (Spenner) Fée var. Purshii Fern,

Habitat a rd. Soil:

Both sub-associations oxaletosum and tilietosum again constitute 

geographic equivalents. Both occur in the southern half of L-li and occupy
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the till covered slopes on all exposures except the steep ( > 25%) slopes 

exposed to the north or northeast, The oxaletosum sub-association occurs 

above 1100 feetwhile it is replaced by the tilietosum sub-association 

below that elevation. This lower elevation coincides with an area of 

frequent limestone outcrops, but it is impossible at this point to state 

definitely which of elevation or limestone is the determining factor of 

the presence of basswood. In any case, the 1100-foot mark seems to form 

the proper demarcation between areas of occurrence of the two sub-associations 

The till is more than three feet deep and its texture varies from 

a sandy loam to a silt loam in both types. Stoniness is moderate and 

rooting depth seldom exceeds 21; inches. The profile developed under the 

F-As oxaletosum community is a podzolic soil very similar to the one 

developed under the B-As fagetosum sub-association. The humus is a moder 

(Md), very close to a mor (pH - 3.9)with a C/N ratio of 22, low exchangeable 

calcium and low base saturation (Table h). With three exceptions all 

profiles displayed a slight marmorization (Pm) and the exceptions had 

seepage water at 111 to 25 inches from the surface. Such a moist site 

comes as a surprise for it has been generally taken for granted that beech 

is more abundant than yellow birch on upper slopes because these are drier. 

The retarded drainage is due to a canpact basal till and in some cases 

to a fragipan (Pf ) about two feet from the surface. It was not possible 

in the present investigation to determine which came first of the beech 

or the fragipan, in other words the cause and effect relationship between 

the two.

Under the F-As tilietosum the soil is a fresh brown podzolic 

(BP) (Fig. 11) with sometimes a slight marmorization. The humus is a moder 

(Md) with a pH of 5eO, an average C/N ratio of 18 and a good base saturation 

due mainly to the calcium content (Table h).
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The F-As polystichetosum sub-association is found throughout 

the range of the preceding two types on steep cool slopes (25 to £0^) 

on deep colluvial silt loams with 50 to 60 per cent silt and good water 

retention capacity. It is restricted in distribution being confined 

mostly to the sides of deep gullies. The soil profile is an acid brown 

soil (Ba) with a mull-like (mullartig) moder humus. This humus is very 

close to a mull;. it is well decomposed with a C/N ratio of 18 and low 

organic matter content (Table h). It is brown in color, but there is 

no crumb structure, no clay-humus complex which would evidence earth­

worm activity characteristic of a true mull. The whole profile itself 

is brown with very little color differentiation of horizons (Fig. 12).

c. The Ironwood-Sugar Maple Association: 

Ostryo-Aceretum sacchari (O-As) (Table 6) 

Vegetation:

The stand of this association varies from almost pure sugar 

maple (Fig. 13) to a mixture of sugar maple and beech with a minor 

component of yellow birch and the odd red oak (Quercus rubra L.). 

A light fire can sponsor a vigorous regeneration of the latter (Fig. Ih). 

In the intermediate and lower tree layer, ironwood (Ostrya Virginiana 

(Mille) K.) is a constant component of the association and is very 

characteristic. Some individuals of this species were found with a 

diameter of eight inches. The shrub stratum is made up mostly of sugar 

maple and ironwood seedlings with some beech. Striped maple (Acer 

pensylvanicum L.) is also regularly present gs well as honeysuckle - 

(Lonicera canadensis Bartr.). Mountain maple (Acer spicatum Lam.) is 

conspicuously absent and moosewood (Viburnum alnifolium Marsh.) is 

weakly developed. Most of the stands sampled had a very dense canopy
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Table 6 - The Ostryo-Aceretum sacchari association table
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and the sparse summer ground cover reflects the low light conditionsh 

Trillium erectum LM Smilarina racemose (L.) Desf., Polygonsturn 

pubescens (Will^i, ) Pursh « and MedeoJa Virginians L,. are generally present 

but not numerous. The boreal species are equally weakly represented: 

only Dryopteris spinulosa (O.F. Mue 11.) Watt, Lycopodium lucidulum Michx. 

and Streptopus roseus Michx. shw any regularity of occurrence. In the 

spring, however, Eiythronium americanum Ker.. Claytonia caroliniana Michx. 

and Dicentra Cucullaria (L.) Berh. are very conspicuous.

Habitat and Soil:

This association occupies the dry hill tops with a thin till 

cap in the southern half of the L-h region. Depth of the till cap is 

less than three feet and texture varies from a* sandy loam to a loam. 

This soil is very permeable and excessively drained. Profile development 

is very weak. It is still a podzolic soil but the layer is very 

thin, generally of patchy occurrence, while the yellowish brown "B” is 

very little differentiated and seldom exceeds ten to twelve inches in 

thickness (Fig. 15)» The humus is of the moder type with properties 

close to those of the Fagc-Aceretum association (Table U).

d. The Basswood-Sugar Maple Association:

Tilio-Aceretum sacchari (T-As) (Table 7) 

Vegetation:

In this association, basswood (Tjlia americana L.) becomes 

the most abundant species after sugar maple (Fig. 17). White ash 

(fraxinus americana L.) and red oak (Quereus rubra L.) are also regular 

associates and black cherry (Prunus serotina Ehrh.) is present in some 

stands.
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'The ground layer is unmistakably different from that of-the 

previous sugar maple associations. It is dominated by eutrophic species 

such as Polystichum acrostichoides (Michx.) Schott., Uvularia grandiflora 

Am., Gaulophyllum thalictroides (L.) Michx., Viola canadensis L., 

Dryopteris marginalia (L.) Gray, Ara lia racemosa L., Adiantum pedatum L., 

Asarum canadense L. and many others. In the spring, besides Erythronium 

americanum Ker., Claytonia caroliniana Michx., Dicentra Cucullaria (L.) 

Bersh, and Dicentra canadensis (Goldie) \jalp., one finds Hepatica acutiloba 

DC., Sanguinayia canadensis L. and Trillium grandiflorum (Michx.) Salisb, 

The sub-association T-As juglantetosum differs from the typical 

sub-association by the presence in its tree layer of butternut (Juglans 

cinerea L.) and the absence of fresher site species such as American elm 

and black ash. In the herb layer, some fresh site species such as Asarum 

çanadense L. are also absent.

Habitat and Soil: " ■

The Tilio A cere turn sa çcha ri association is the dominant 

community below 700 feet elevation in the Gatineau-Lièvre trough. A 

combination of lower elevation, presence of limestone and of fresh and 

brackish water deposits of the Champlain Sea seem to b e the main Actors 

responsible for the drastic change of vegetation. This is an area of low 

relief and the tops and slopes of the low knolls are all occupied by this 

sub-association. The texture of the deposits varies from a sandy loam to 

a loam underlain in most cases by a heavier textured compact horizon 

at 20 to 25 inches fron the surface and the moisture supply is very good.

The soil profile is a brOwn forest soil (BF) . The humus is a 

mull with good earthworm activity and crumb structure. As can be seen in 

Table pH and percent base saturation are higher than in the previous soils
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The sub-association juglantetosum occupies steep lower slopes 

and the parent material is a fresh, very stony, loamy till. As in the 

case of the F-As polystichetosum sub-association, the higher silt 

content might be due to fine colluvium from the upper slope. The soil 

profile is a brown forest soil with a 3 to 6 inches thick crumb mull 

and high base saturation (Table L) . In plot 30#, the parent material 

was strictly calcareous rubble with a calcic mor (McCa) sitting directly 

on top of the rocks.

e. The Elm-Sugar Maple Association:

UImo-A ce re turn sacchari (U-As) (Table 7)

Vegetation: .

The stand is composed of sugar maple, American elm (Ulmus 

americana L.) and black a sh (Fraxinus nigra Marsh.) (Fig. 18). Basswood 

is also a regular companion. But the site is too wet for white ash, red 

oak, ironwood and butternut.

In the lesser vegetation, the mull species of the Tjlio- 

Acereturn sacchari association are present. But the most characteristic 

species are Laportea canadensis (L.) Wedd,, Impatiens capensis Me eb. 

Onoclea sensibilis L. and Pteretis pensylvanica (Willd.) Fern.

Habitat and Soil:

This association occupies low-lying areas on alluvial or glacio- 

marine deposits with a compact layer and retarded drainage at a depth of 

10 to 25 inches. The soil profile developed in those conditions is a 

gleyed brown forest soil (BG) (Fig. 16). The humus is a moderately thick 

mull (5-6 inches) of low acidity (5.6) and high base saturation (Table L ) 

II « Ecosystems dominated by yellow birch

The Balsam Fir-Yellow Birch association:

Abieti-Betule turn luteae (A-BI) (Table 8) •
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Table 8 - The Abieti-Betuletum luteae association table.

ÀDDnm-AL SPEC IKS I

ASSOCIAT: ON
Sub-asaDelation

ABIETI —BETULETUM LUTEAE

TYPICUM TBUOITOrat
No. of Releva 3019 3022 302.3 3027 3018 3096 4006 4010 4019 4015 4013 4011 4018 ••017 3086
Altitude (ft) 1150 1200 1200 1200 1250 550 1200 1125 1150 1100 1100 950 950 875 850
Aspect 5V w N 1 81 81 N 8W W N w 8 N W WW
Slope (*) 
Soil Type

25 
mp

30 
IMP

& 10 
DiPe

10 
XHPb

& 10 
OP & 3 r V & Hyd. U

Hutus Tyre Ko Mo Mo Mo MO Mo MoNd MoNd Mo Mo Md Md No W Mo
X Covert .

Tree layer 70 40 60 60 90 60 60 50 80 60 80 90 60 75 S
Shrub layer 80 90 75 70 éo 80 100 100 90 90 70 70 80 90 70
Herb layer 80 6o éo 100 80 90 10 75 5 70 90 2 90 90 30

1 TRES UYSU
Potula lytoa T 4.2 2a h.P 3.1 4.2 4J 3.1 3.1 4.1 3.1 3.1 2.1 2.1 k.l 3.1

r ♦a ♦ a M »â iâ î») * î ia ♦a ♦a ♦4
Acer saccharuB T ♦•1 ♦ .1 ! J ♦a K! 4:1 ♦a 5.1

r ia ♦â a ♦a ta ia ♦a 1.2 2.1 2.1 ♦a te ♦a
At tes b .Isineu T .% i : ♦ a l.i 4.1 1.1 2.1 ■ U J

' r *a ♦a ♦A ta h? ♦a 4.1 4.1 4.1 4.1 4.1 • a te i.i te
Acor r.brus T 1.1 4.1 4.1 4.1 • ee ■ te te te te

r ■ 1.1 ♦ a 4 a 4.1 1.? ♦a ■ ■ te te te
Plc«rotons T — ♦ a — 2.1 w ■ — — — te te te te

r ■ ■ * .2 ♦ .1 1.2 4.1 ■ w * ■ * te te te
Ptcon yHuca T — — — • — — ■ ia 4.1 * — te 4.1 te

r - - - - - - 4.1 4 a ta - - - - ♦a -
Tsupn eanalen-Is T 2.1 3.1 3.3 U.l 3.1 xa 3.1

r ♦a 111 ia ia
Thuja ocetlentil Is T ♦ a ia ■ 2.1 - 4 a 4.1 ta i.i ♦a

r • - - - ♦ a - 4.1 • 2.1 - ♦a 1.1 4.1 1.1
il S 2C F LC’LBi
Acor srleatus 3-i 1.2 ^5 3.3 3.2 4.3 3.z L.2 U.2 M TT"
Acor '‘onaylvinl^uis 1.1 ♦ a ♦ a 4.1 ♦ a 2.2 4.1 4.1 4.1 3.2Corylus 'orruta ♦et ♦ a ♦ a i.i * 4.1 ia xa 4.1 w 4.1 ♦a ♦a
V ibu^num a1-'f ' Jut 3.2 ■-a 3.3 3.3 3.2 — ■ 1.2 3.1 4.1 4.1 1.2 1.2 2.1
Tams, cini *. rris — — 3.3 5.5 1.2 3.3 ■ 4.1
5 nt 1 run "u’ cr s ♦ el ♦ • i ♦el — — ■ ■ ■ ♦a 4.1 ■ te 4.1 ♦.1
Lon leers "in Her.-Is e» ■ — ♦ a — ■ 4 a — . ■ ■ ■ 1.2 4.1 4.1
Corpus ■1t^r? Ifn"la 1.2 — ■ * + a « * *
R Ibcs tr Lite .1 - - - ♦.) - - -
111 HHtF LaYIBi

Dry^rttrls -•* nul osa 1.1 3.3 à.ï U l.l 3a ♦ .1 1 .1 ♦ a 1.5 3.1 4.1 ta ♦ A 5.5
“b"* tr iTtma «a 1.3 1.4 3.3 2.3 2.3 — 2.3 ■ 3.3 3.3 3.3 2.3
Lycapitl turn t 'e tduiun ’•2 ♦ a < .2 1.2 4.2 ^•3 i.i 4.1 — 3.3 4.2 3.1 1.1
Î’ 1-t-w'a • •'r. Is A i . .1 ».l 4 a 4.1 •el ♦ a .1 4.1 4.1 4.1 1.1 4.1 4.1
Tr tort rIr I~r . ’ Is ■ ♦el ♦ a 4 a 4,1 — 4.1 4.1 ■ 4.1 te 4.1 4.1 4.1
\ra"la nu4 ic »ulIs ♦ a - a *.l «a ♦ a — 4.1 ia 4.1 ♦ a 4.1 4.1 1.1 1.1 •aSrrrrto-ug f cur ♦ a ♦ .1 ♦ a 4.1 • .1 t a 4.1 4.1 4.1 4.1 4.1 4.1 4.1 1.1

1 ila ♦et .1 ♦a ■ ■ 4.1 — 4.2 ■ 4.1 4.1 i.iMa Kctho-us "nna’-.-rso •el ♦ a 1.3 4 a — 1.1 — — 4.1 4.1 ia 4.1 4.1• Lueo-o ! tun M - * in:m * a — .1 4.1 w — ■ 4.1 4.1 ■ ■ 4.1 1.1
Cornus rinad-rsts — — ♦ a ♦ .1 4.1 — — — 4.1 e. — = i.i 1.1Dry^rter1n Fhororter Is — tel 4 .1 4 a — * • — 1.2 4.1 4.1 4.1 2.3but us ’'uberen? n 1 .1 a ♦ a ■ ■ ■ ■ 4.1 — 4.Î _
Tr H ' turn un'ulitma — ♦ .1 — ♦ a 4.1 — 4.1 4.1 — te y
TrV 1 tun c-cctum «a ♦el — • 4.1 ■ • 4.1 4.1 ♦ a 4.1 4.1 — 4.1
MMonla vl^flntana — — — — — ♦ a — — 4 a 4.1 4.1 —

♦ crls ' ' r .’unr e» ■ 4.1 ia 4.1..~t "»u ida — * 4.1 4.1 te 4.1,’!r FUT — ■ » • 4.1 e. • * w 4.1 te te +.1 4.1At-.; rtun F ! ’ ly-'tT Ina ■ • — ■ ♦ a e ■ ■ ■ 4.1 — ♦•1Larnaca b-'rr • ' Is — ■ 1.3 te 4.1T-»' yf ' r "1» cs-ans • ■ ■ 4.1 te + .1S* 1 ’ ic*:u r t*« *'sa ♦ .1
Th.rî’1» r * « « ' ta *a — — — 4 a ■ te 1.1C-rcx în^uncscens .2 4.2
:l;c * LP "‘-’’la • .1
Dr? • t ?r 1 s r. v' Hr ron^ts ‘.i - - - 4.1 - - • - - - - - -

Pr-yirur : !rrs: 3">22 (*.2) (*.!), Olmus nerlcana o: (♦.!). Fagus gr ndlfolla:^ 3018 (4.1), 30% f+.V 
C* .1 ). P^rru- Viri-lrlma: 3010 Mltrholla rcpor.st 3096 («.!). Clrriea alplnai ''015 ' + .1).
•rjTt -<£ -..r.-im' Ir.t 4011 (*.!). Oryz-^rts as'erlf-'. la> 4011 (f.2). Polytrlehum Junlperlnuet 4ji8 (♦.?).
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Vegetation:

This association is a mixedwood type. The stand is made up 

primarily of yellow birch, balsam fir (Abies balsamea (L.) Mill.) and 

spruce: white spruce (Picea glauca (Moench.) Voss) west of the*Gatineau 

River and red spruce (Picea rubens Sarg.) east. Sugar maple and red 

maple form only a minor component of the stand. (Fig. 1?).

In the shrub layer, Viburnum alnifolium Marsh, and Acer 

spicaturn Lam, are most abundant and vigorous. The latter shows luxuriant 

growth in every opening of the s+and and becomes a major silvicultural 

problem after severe cuts where it retards regeneration of valuable species 

for decades.

The herb layer is dominated by Dryopteris spinulcsa (O.F. Muell.) 

Watt, Lycopodium lucidulum Michx. and Oxalis montana Raf. The latter 

species occurs in large patches throughout the stand, generally concentrated 

around acid surface boulders. The overall physiognomy of the vegetation 

is definitely boreal with much affinity with the white birch-balsam fir 

community to the north.

The overall physiognomy of the A-Bl tsugetosum sub-association 

is quite similar except for the fact that hemlock (Tsuga canadensis (L.) 

Carr.) and cedar (Thuja occidentalis L.) form an important component of 

the stand.

Habitat and Soil:

This association occupies the stony, cold northern or north­

eastern slopes.

In the case of the tsugetosum sub-association, two coincidences' 

seem to warrant further investigation. First, all the stands sampled were 

found along the shores of relatively large lakes hemmed in by steep slopes e
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The stands generally occupied the steep slopes, but they also occurred on 

the valley trains or washed tills bordering the lakes. The higher 

atmospheric humidity of these sites could be an important factor. 

Another coincidence is that these stands occurred in the vicinity of 

basic rocks, either Grenville limestone or anorthosite. This might account 

for the presence of cedar, and perhaps hemlock too.

• The parent material in all cases is a bouldery loamy sand till,

ablation moraine or in some instances a valley train, all of them well- 

drained.

The profile is an iron humus podzol (IHP) with a mor humus (Mo) 

under the typical sub-association. In the tsugetosum sub-association, 

the degree of podzolisation varies. The profile is either a podzol or 

a podzolic. The humus varies from a mor to a moder, pH is higher as 

well as calcium content and base saturation (Table h)• 

III. Ecosystems dominated by black ash

a. The Yellow Birch-Black Ash Association:

Betulo-Fraxinetum nigrae (B-Fn) (Table 9) 

Vegetation: ,

Yellow birch and black ash are the dominant tree species of 

this association. Crown closure is usually low and the ash trees have 

tall clean boles. These conditions allow the development of an inter­

mediate tree layer composed of cedar, red maple, balsam fir and white 

spruce,

The open canopy also permits a luxuriant development of the 

lesser vegetation. In the shrub layer, Acer spicaturn Lam. and Viburnum 

alnifolium Marsh. are particularly vigorous. But the most characteristic 

shrub species are Viburnum cassinoides L., Alnus rugosa (Du Boi) Spreng, 

and Rib es lacustre (Pers.) Poir.
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Table 9 - The Betulo-Fraxinetur. nigrae association table

ÀDDITION&L SPBCieSi

Ko. < r'clcve 
t ltu<1e (ft)

Agroet 
( ')11 Ty;v 

mUtus Tyre 
f Cover:

Tree layer 
Ihrub layer 
herb I yer 
Hogg Itycr

G-r?AXI\ETUM FIGHaE

U2311 UC36 Ld-2 434? 4023 3037 
1325 1300 1275 1250 1100 900

G G 0 0 Pg 0
HXo H1W into HMo Ho HMo

K % % R % &
10c 10c 100 100 60 100
'5 IC 10 60 - 25

1
Fr,x!nur nî^rn T

r 
••tu 11 lut o. T

r

Jel J«1 » 1 3*1 *•! j»2
1.1 I.1 ♦.! 1.1 ♦.! 3.2
3.1 2.1 3.1 2.1 2.1 3.1
1.1 1.1 1.1 ♦.! «.1 ,.l

l T
r

U r ' I'JCA T
r 

iC'p FHlF' n T

T* '?*' <• rta Is T
Acer »run T

r
n • 1 "1 ..vai

V1 bur nun 1n^t hs
Alm? rugo;.a 
h H cs .-"j^tro

V11 urnum » 1 If o', iuta 
Lor i •' . ra r-'n.'i H r 
Acvf 3"le^tua 
C'ry’ug corn'it a 
Accf ncnrylvj-Icun
111 HffiP ♦ HOSS UY® I
^noc1ca «er !b!'Is 
Osnurda c lnn-»^o-eea 
Hltolla nuda 
Equine turn aylvat tcum 
Cart in cr^cnl^ndlcdt 
Lyeor od htn anr-or inuzr 
Clrcrna nl inu 
Mn’un • unct.atun 
Srtngr.ua sp. 
Bazzanla tr ! 1 ta
Hyloeoelwa triquetrum 
Carux lntunesccs 
Athyr 'um Pilix-fcmlna 
Rubu? r-ul esevne 
Dryor^urH srlrulosa 
Dryifttirls 1 aJuneta 
Dryopteris PhepopturIs 
Dryontcris nweboraccnrIs 
Cl Intonla Isreal is 
Mzttunthomim ennadense 
Tri entai is borealls 
Arn l la nudieaulis 
Oxn1 is mon ta ba 
Lycopodium lue id'll un 
Un1turn triflorum 
Strecto us roreus 
Viola sp.
Cornua canndenr is 
Carex 3p* 
Smiluclna mconnsa

1 
1 

1 
/ 

1 ? 

• • 
• • 

1 «III 
■

1.1 - - 1.2 +.1 -
1.1 - - 1.2 ■ •
- - ♦»2 I.” - ♦.!

♦ • 1 *. I 1.2 ♦ .1 ♦ • 1 •
1.1 l.l 1.2 ♦.1 ♦.1 r
+.! S.4 1.2 4.1 L.L 3.3
- 4.2 ir 4.1 1.1 -
.l ♦ • 1 ♦ .1 — 1.1

.3 ♦. 1 1.2 3.2 4.1 -
1.2 5*5 - - - 4.1

— ♦ • 1 «.1 ♦ .1 - l.l
l.l 4.1 — l.l — ■
1*2 ♦«? 1.1 — ♦el
l.l “ — 4.1 — •
“ » .1 1.2 — — 4.1

1.2 1.2 4*2 - — 4.2
1*3 “ 4*3 4. t - 4.1
I.? - — — — 4.2
- 4.1 - - - 4.2

1*2 l.J “ — 4.1 -
4.2 2.2 1.2 1.1 4.1 -
2.2 l.l 1.1 1,1 l.l 4.4
l.l 4.1 4.1 4.1 -*.1 4.1
- ♦.1 l.l 4.1 - l.l
" l.l 1*1 2.2 4.1 4.1
— 1*2 ■ 4.1 • 4.1

4.1 4 . l 4.1 4.1 4.1 4.1
♦•1 — 4*1 - ♦.! 4.1
4*1 4.1 4.1 4.1 4.1 4.1
4.1 4.1 * *1 4.1 4.1 4.1
4.1 2.3 1.2 1.2 2.3 3.3

— 1.1 4.1 — . 2.2 —
- 4.1 4.1 4.1 4.1 4.1

4*1 4.1 4.1 4.1 4.1 4.1
l.l 1.1 1.1 1*2 l.l 4.1
4*1 4.1 4.1 4.1 4*1 4.1
1.2 4.1 — 1.2 — —
- • 4.1 - - 4.1

Pice* mari h0)9 (♦•!), U0)6 (♦•!)• Acor aaccharlnvei 
40)6 (r)e Taura canadensis: 30)7 (♦.!) (1.1). Tllla aseri» 
nana oi 3037 (+.1). Parus grandifolla: (♦•!) (♦•!)•
Betula raryTlferai 4023 (2*1) (♦•!)• TrtchocolM towetell*i 
4039 (♦•2)e Listera cordate: 40)6 (♦•!)• Sanlcula wtrilmdlea: 
4042 (♦•!)• Input lens catenalei 4(42 (♦•!)• Osrauada Claytonl- 
ona: 4042 Thuid lue delleatulue: 3037 (♦•2)» Hylocoelua
sp1 endens: 3037 (+•?)• Hnlue hornum: 3037 (♦•!)• CliMclue 
dendroides: 3037 (♦•!)•

Srtngr.ua


In the herb layer, species characteristic of rich, wet soils 

are abundant: Onoclea sensibilis L., Osmunds cinnamomea L., Mite lla nuda 

L., Equisetum sylvaticum L., Coptis groenlandica (Oeder) Fern, and 

Circaea alpina L. Mosses and hepatics are also common on this site: 

Sphagnum sp., Mnium pun eta turn L., Bazzania triloba ta (L.) S.F. Gray and 

Hylocomium triquetrum (L.) BGS.

Habitat and Soil:

This type is found in flat hollows with retarded drainage. 

In the summer, the water t@ble remains nt 5 to 10 inches from the surface. 

The profile is a gley soil with a £ to 10-inch thick hydromor. Some of 

the properties of this humus are listed in Table L. •

b. The Elm-Black Ash Association:

' UImo-Fraxineturn nigrae (U-Fn) (Table 10)

Vegetation: .

The stand of this association is made up almost entirely of 

American elm and black ash. • .

In the lesser vegetation, this association shares some of its 

species with the Ulmo-A cereturn sacchari association. The following species 

are abundant: Laportea canadensis, Onoclea sensibilis. Impatiens capensis, 

Pteretis pensylvanica and Equisetum sylvaticum.

In addition to these, however, a host of hygrophytes are present: 

Chrysosplenium americanum Schwein., Climacium dendroides (L.) Web. & Mohr., 

Mniam cusp id a turn (L.) Leyrs, Mnium hornum L., Hypnum Halda nianum Grev.

and Mite Ila nuda L, 4 "

Habitat and Soil:

This association occupies wet depressions and lake shores below 

1100 feet in the Gatineau-Lièvre trough. It would appear that the presence
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Table 10 - The Ulmo-Fraxineturn nigrae association table

ADDITIONAL SPEC IES 1

No. of Releve 
Altitude (ft) 
Aspect 
Slope «) 
Soil Type • 
Hunua Tyne 
f Cover

Tree layer 
Shrub layer 
Herb layer 
Kosa layer

ULMO-FRAXINETUM 
NIGRAE

3039 3*5 3064 3015 
BOO BOO 350 1100

Byd Byd Hyd Hyd 
Hdee Mdee Mdce Hd

75 80 80 80
: 100 20 10 80

100 90 100 25
20 - 25 -

1 TH LE LAY» 1
Fraxtnue nlr*a T

r
Dinus anori-ana T

r
Retula lute* T

r
Attos t al" imea T
Plcea glauca T

r
Acer saccharun r

11 S3W 'AYHU 
Acer splcatun 

triste
Corylns cornuta 
Sasbucus pubens
111 HSiB ♦ MOSS LAYfcSt
Isrortea ctralensls 
Onoelea sensIbllla 
Inputlens eanensls 
Ptcretls rensyAvanica 
Bqutsotum sylvatleuu 
Thal Ictrun n->iygasun 
Chalone glabra 
Chrysospion fua ancrlcanun 
Clinactun iendroides 
Hnlum cuspid*tun 
Hnlua hornun 
Hypnun Haldlanun 
Mitel la nuda 
Clrcaoa al-ina 
Veronica anerleans 
Parthon^clssus qutnquefolla
Tlarclla cordifolla 
Mltolla dlphylla 
Arlsaena atrorubons 
Rubas rubescens 
Carex Intuncscons 
Cinna latlfo'la 
Athyrlun Flllx-fwalna 
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of calcareous parent material is also important if we consider the 
» s ,

calcium content of the calcic hydromoder developed on this site. The 

soil is a hydromorphic soil (Hyd) (not a gley) with a thick (% 10 in.), 

well-decomposed, water-saturated moder rich in calcium (Mdca). Some of 

its properties are also listed in Table h.

Ecological Relationships

To understand properly the ecological relationships between 

the various ecosystems described, it is necessary to first sort them 

out regionally.

The sub—associations Betulo-Aceretum sacchari taxetosum, 

Betulo-Aceretum sacchari fagetosum and Fa go-A cere turn sacchari oxaletosum 

represent the north-south community variation on the glaciated uplands, 

in the Gatmeau-Lievre trough the Fa go-A ce re turn sacchari oxaletosum is 

replaced by Fago-A cereturn sacchari tilietosum between 1100 feet and the 

700-feet level which represents the maximum invasion of the Champlain 

Sea. Below 700 feet the dominant community on mesic sites is Tilio- 

Acereturn sacchari.

The other communities gravitate around these central communities 

- and the interrelationships can best be shown by regional generalized 

ecological transects (Figs. 20-21;) . In the Belleterre area (Fig. 20) 

which is, as mentioned before, at the borderline of B-7 and L-h, only 

two tolerant hardwood types were found. The sub-association Betulo- 

Aceretum sacchari taxetosum occupies knoll tops and slopes with a 

moderately deep till mantle (23 in « +) while the Abieti-Betuleturn luteae 

typicum is found on the steep cold rocky slopes with lateral moraines or 

ablation tills as well as on well-drained valley trains.
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In the Kipawa area, these two types occupy the same habitats. 

On knoll tops, however, with a thin solum (less than 25 in.) and drier, 

hotter conditions, the Betulo-Acereturn sacchari taxetosum is replaced 

by Ostryo-Aceretum sacchari. On slopes facing large lakes, the Abieti- 

Betuletum luteae tsugetosum replaces also the typical sub-association.

In the Dumoine area (Fig, 21) the climax community on fresh 

siteb is Betulo-Aceretum sacchari fagetosum while the humid variant 

occupies weak slopes with retarded drainage. The two sub-associations 

of the Abieti—Betuletum luteae again occupy the steep cold rocky slopes 

and well-drained valley trains, the sub-association tsugetosum again 

favouring lake side slopes. In the southern portion of this area, the 

dry knoll tops are also occupied by Ostryo-Aceretum sacchari. Finally 

in small catchment basins, waterlogged soils support stands of the 

Betulo-Fraxinetum nigrae association, but these stands are never 

extensive.

In the Gatineau-Lievre-Mont-Tremblant area a threefold sub­

division seems warranted, governed both by altitude and geology.

Above 1100 feet (Fig. 22) and apparently above the limit of * 

extension of the Grenville series, the fresh sites are occupied by the 

Fa go-A cere turn sacchari oxale'tosum type . The Abieti-Betuletum luteae 

again occupies the same sites as in the preceding areas. The sane is 

also true for the Betulo-Fraxineturn nigrae and the Ostryo-Aceretum 

sacchari. In addition, alluvial flats and lower slopes with moist soils 

support the Betulo-Aceretum sacchari tiarelletosum while wetter soils 

of the flats support the Ulmo-Fraxinetum nigrae type.

At elevations between 700 and 1100 feet (Fig. 23), that is 

above the limit of the Champlain Sea invasion but in the area of
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abundant limestone outcrops, the same habitats support the same types. 

Basswood, however, becomes a regular component of the stands, particularly 

on the fresh sites, where the climax community becomes Fago-Acereturn 

sacchari tilietosum. A few steep slopes of fresh loamy colluvium are 

also occupied by the sub-association Fago-Aceretum sacchari polystichetosum. 

The latter, incidentally, also occurs sporadically in the same conditions 

above 1100 feet. .

Below the 700-foot level (Fig. 2b) on Champlain Sea fresh and 

brackish water deposits the climax association on fresh sites becomes Tilio- 

Aceretum sacchari typicum. The dry knoll tops are occupied by Ostryo- •

Aceretum sacchari, the steep calcareous stony slopes by the FAS juglan- 

tetosum sub—association and the flats by Ulmo—Aceretum sacchari and 

Ulmo-Fraxinetum nigrae on the very moist and wet soils respectively.

CONCLUSION

The ecological descriptions just presented permit an easy 

identification of each ecosystem on the ground as well as on aerial 

photos. They also permit a qualitative estimate of their potential 

productivity. From north to south, an increase in potential productivity 

parallel to an increase in total heat accumulation (growing degree-days) 

is to be expected. Really, retarded or excessive drainage will also 

lower the site productivity in comparison to the mesic sites.

Potential productivity of each ecosystem in relation to 

individual snecies can also be estimated from the relative abundance 

and ease of regeneration of these species in each ecosystem. The amount 

of silviculture necessary to maintain or encourage a given species is 

also indicated.

For a quantitative estimate of productivity however the use of 

mensuration methods is necessary. This is the subject of the following chapter.
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PART TII

PRODUCTIVITY

INTRODUCTION

The ultimate purpose of any site classification is not just to 

separate ecosystems for the sake of classification alone. Site 

classification is also concerned with the determination of the product­

ivity, actual or potential, of a given tract of land. Site classification 

itself can already be used for a qualitative estimation of productivity 

but we also need a quantitative evaluation. The terms in which this 

productivity is to be evaluated depend on the purpose of the invest­

igation. Both quantity and quality and money value of products can be 

utilized. Money value however is subject to fluctuating market 

conditions and, consequently, is not a stable criterion of productivity.

Biomass production per unit area (or space) might be the most 

exact measurement of quantitative productivity of an ecosystem, but at 

the moment it must remain a theoretical goal of ecology, difficult to 

realize in practice and of little use anyway in forestry. The same can 

be said of total production of cellulose or fiber. It is true that twigs 

and shrubs could be converted to pulp or other products, but the present 

harvesting and converting techniques and equipment cannot economically 

handle this small-size material. The obvious goal of forestry evaluation 

of sites is then to find how much tree-wood each can produce. This 

productivity is ultimately expressed as volume of tree-wood per unit area 

per unit time: in North America, as cubic feet per acre per year (Spurr 

1952). But volume per acre is dependent not only on the size of trees, 

but also on their number per acre, in other words dependent also on 

stand density. What constitutes full-stocking for a given type of forest 
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is highly subjective in practice. Even if, theoretically, a standard 

of full-stocking can be established (Krajicek et al. 1?61) (Vezina 1962), 

full-stocked stands are still uncommon and what is more, stand density 

is in most cases unrelated to site.

Growth behaviour of individual trees remains the only reliable 

mensurational criterion of site quality. But even that must be handled 

with care. Height growth,for instance, has long been recognized as the 

parameter least affected by stand density in even-aged stands and 

average height of dominants and codominants at different ages has been 

used to prepare height growth curves to be used as indices of s ite quality 

There are however notable cases where height growth has been seriously 

curtailed by overstocking, in lodgepole pine and balsam fir stands for 

instance. There are also cases where height growth was held back for some 

years periodically by insect attacks, ^.g. jack pine by the sawfly and 

balsam fir, by the budworm. In both instances, ecological knowledge of 

the sites and stem analyses will point out these irregularities which must 

be dropped or corrected if the evaluation of site productivity is to make 

sense. .

It must be noted again that the trees measured and used to 

evaluate site productivity in even-aged stands are the dominants and co— 

dominants (in some cases only the dominants), that is the best trees' in 

the stand, the trees which have the greatest chance of reaching maturity 

or have reached it and have been free to grow in height throughout most 

of their lives, though often more or less restricted in diameter growth 

by density.

In the case of undisturbed all-aged stands, such trees are the 

exception. Here, the individual tree is generally submitted throughout 
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most of its youth to entirely different sociological conditions. It is 

engaged in a constant struggle for growing space, suppressed both from 

above and from the sides. The species growing in this sort of environ­

ment are fierce competitors. When the competition is too strong they 

abide their time, but as soon as it lets down, they make the most of it. 

These ups and downs in growing space usually repeat themselves more than 

once before a tree reaches the upper canopy as can be seen from stem 

analyses. The trees that manage to survive and reach the upper canopy 

show a tremendous variation in age (from $0 to 1^0 years on the average) 

in the same stand on the same uniform site.

If, as in even-aged stands, the best looking and most healthy 

trees in each diameter class are studied through stem analysis, the 

average rate of growth under undisturbed conditions as well as the average 

maximum rate of growth of free-growing trees can be evaluated.

In the present case, a complete study of height and diameter 

growth by stem analysis of hundreds of hardwood trees would have been an 

enormous task. The stem analyses were restricted to diameter growth and 

the results applied to height growth as explained later on.

METHODS OF STUDY

In each fifth-acre plot established, a complete count was made 

of all trees 0.6 inch, d.b.h. and over by species, crown classes and one- 

inch d.b.h. classes. Twenty to twenty-five of the better looking trees, 

distributed evenly in all diameter classes and including all hardwood 

species present, were measured for d.b.h. (to the nearest 0.1 inch),* 

bark thickness (to the nearest 0.0$ inch), total height and commercial 

height (height to the first major fork or branch beyond which no log 

could be cut). Diemeters up to 2k inches were measured with a steel 
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caliper, others with a diameter tape. Heights were measured with an 

Abney level a t minimum distances of 80 to 100 feet.

For age counts and diameter growth studies, trees 3 inches or 

leas at breast height were cut and sections collected at stmqp height 

and breast height. All others were bored at breast height along the 

estimated average radius, Sections and increment cores were brought 

into camp to be studied with hand-lens and microscope. ■ Age counts were 

made from the bark in and each decade marked with a pencil and measured 

to the nearest .0$ inch. Usually back-lighting of moist cores was 

sufficient for accurate ring counts, but in some instances phloroglucinol 

was necessary to accentuate separation of growth rings.

Age differences between stump and breast height varied from 2 

to 20 years with an average of 10 irrespective of site. Because of the 

difficulty of getting sound cores at the stump on the larger trees, 

height and d.b .h. values in this paper are related to age at d.b.h. for 

all trees.

Growth was measured from the bark in and the cores checked for 

exceptional growth periods due to climatic conditions or epidemics. 

Measuring growth by decades lessened the influence of the odd exceptional 

year of growth due to more favorable climatic conditions. About thirty 

per cent of the trees sampled, particularly the larger ones, were too 

rotten at the center to be used directly for age counts. These trees 

however were retained for the calculation of the height-d.b.h. relation­

ships and comparison of the growth by decades of their sound portion with 

the basic data from the sound or just discolored trees.

RESULTS

The all-aged structure of the stands seemed quite obvious at 
first sight. It was nevertheless checked by an analysis of the size and
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age distribution of the trees* As an example, Figure 26 shows the results 

for one typical plot of the Fago-Aceretum sacchari association* All 

stands showed this typical inverted J-shaped curve. Steepness of the 

curve varies however from plot to plot*

In the office, once the ecological classification was completed, 

the data were sorted out by ecosystem types. For each species in each 

ecosystem type scatter-diagrams were prepared for height over diameter, 

height over age at breast height and diameter over age at breast height* 

3be_^tel height - D.B.H. lelationshin

The height d*b*h* curve had been suggested by some authors 

(McLintock and Bickford 19#) as a site index curve for uneven-aged stands * 
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This suggestion was particularly tempting to test for, of the three series 

of scatterdiagrams, only those of height over d.b.h. showed a close 

cropping of points and allowed the fitting of a logical curve. The 

variation about the curve was about 10 feet both for the individual plots 

and for the plot groups in each ecosystem type (see Figs. 27 to 1*8).

When the average curves for the different ecosystems were 

compared, however, the difference between the highest and the lowest was 

also about 10 feet (Fig. l*p). For the sake of clarity, only five of the 

curves are represented in the figure. The others overlapped these five# 

There were two possible explanations for the behaviour of these curves: 

either the difference in site quality was really small between the eco­

systems studied or the height-d.b#h. relationship is a poor indicator 

of site quality. Though the first possibility could not be excluded 

altogether, the second possibility seemed more probable for the difference 

in productivity between two sites resides not so much in the difference 

between actual tree sizes as in the difference in the time necessary t o 

reach those sizes. So attention was directed to the height-age and 

diameter-age relationships. In both chses, age was used as the independent 

variable. In this investigation we were not interested so much in the age 

variation of a tree of a given size as in the average size of tree to be 

expected after a certain number of years. This average tree size can be 

used as an indicator of site productivity and in growth predictions for 

management.

The Diameter-Age Relationship

As mentioned earlier, decennial diameter growth inside bark was 

measured by stem analysis on all sample trees that were sound enough.
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The true diameter of each tree after each decade was plotted and the 

diameter growth curve traced. When all the individual curves of a given 

species in a given stand were plotted together and compared, no constant 

growth pattern was discernible (Fig. 50) and the trend in growth could 

be represented quite adequately by a straight line (Frothingham 1915, 

Bruce and Schumacher 1950). One tree grew fast for the first thirty 

years then slowed down considerably. Another grew very slowly for eighty 

years then put on a spurt of growth. At one or more points the curves of 

both trees passed through the same coordinates and the same tree at two 

different points in time could be above and below the average by even 

more than two standard deviations. Such a behaviour certainly affects 

the value of any statistics used to measure variation around the average 

curve as well as the final shape of this curve. In order to minimize the 

effect of the more excentric trees on the ultimate àiape of the average 

curve, decennial growth was averaged by decades for all trees of a given 

species then cumulated into one curve giving the average diameter inside 

bark attained at different ages.

For the tolerant sugar maple and beech this curve came out as a 

straight line up to 180 years, the average maximum age of trees sampled. 

This would indicate that on the average the tolerant species do not 

realize their potential growth in early years under uneven-aged forest 

conditions but that they manage to survive and realize some growth.

As they increase in size, they grow out of the heavy competition zone 

and finally manage to put on better growth.

In the case of semi-tolerant or intolerant species such as 

yellow birch, basswood, black asfh, American elm, etc., the curve rose 

more quickly for the first four or five decades then straightened out at
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a smaller gradient• Such a behaviour would indicate that, in the case of 

these species, the only trees that managed to survive and grow to be 

measured are those which had sorts free-growing space early in life, a 

reflection of their semi-tolerance, .

The stronger flattening at the upper end of the yellow birch 

curves could also reflect in part the birch dieback of the last 20 years, 

it was also observed for all species that the best decade of 

growth could occur anytime in the life of a tree, at least up to 200 years. 

So an average was made by species of the best decade of growth of each 

tree and a cumulative straight line based on this average was drawn. 

Such a curve can serve as an indication of the average potential diameter 

inside bark attainable by free-growing trees with intensive silviculture. 

These curves were stopped whenever they reached the largest diameter 

encountered in the investigation for each species or at 180 years, which­

ever came first.

When double baric thickness was added the sugar maple and beech 

straight lines became slightly signoid curves while the curves for the 

semi-tolerant species straightened out (Figs. 51-60), 

The average diameter of sugar maple trees at 100 years varies 

with types from 11 to 18 inches. Wherever present, beech behaves the 

same way, When the relative position of the curves is considered however, 

there are notable discrepancies with the potential growth as evaluated 

qualitatively from the ecological properties of the ecosystem types. 

It seems that the effects of competition could not be eliminated.

For the types which are basically sugar maple-beech-yellow 

birch stands, the relative position of the curves is as expected and 

related to latitudinal and altitudinal distribution of types and
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available moisture and nutrients of soils. The only exception is the 

curve for the ^As, polystjchetosum type. The low values for sugar maple 

and beech could be due to the general condition on high density of the * 

few stands investigated (90 to 100% crown closure). As will be seen 

later, height was less affected.

In types where basswood and elm form an important component 

of the stand, the curves for sugpr maple and beech are much lower than 

for both climate and soil are much more favorable in these 

types than in the previous ones. Their growth rate should be superior 

to that of the Fago-Aceretum sacchari oxaletosum. It seems however that 

competition from basswood and elm is more difficult to overcome for they 

outgrow sugar maple easily and are taller and larger than that species 

at maturity.

The better position of the Ulmo^Aceretum sacchari curve can be 

explained in part by the lower density of many of the stands sampled 

(60 to 70% crown closure), resulting in more growing space for maple.

When the curves based on the best decade of growth of each tree 

were drawn, the re la tive position of the curves did not improve significantly 

The diameter attained at 100 years in the various types increased however 

by six to eight inches, which is an increase of 1*0 to $0%.

The same comments apply to the curves of yellow birch. The 

relative position of these curves does not reflect the potential of the 

various sites as evaluated from their ecological properties. It does 

seem that a much larger sampling is needed if the effects of suppression 

are to be compensated.

Curves f dr black ash are in line with the ecologies l evaluation 

of the sites. As for elm and basswood, the curves of diameter attainable 
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by free-growing trees give a better idea of the relative potential of 

the sites.

As mentioned before the discrepancies in the relative position 

of the curves of diameter over age might be corrected in part by a 

larger sampling. But in the case of stands where sugar maple, beech or 

yellow birch must compete with basswood or elm, simply a larger sampling 

would probably not solve the problem altogether. The curves would 

probably still be too low and would represent the average growth to be 

expected under extensive silviculture, considering competition from 

basswood and elm as an important environmental factor.

Of course if only the free-growing trees, as indicated by stem 

analysis, were selected in each stand, a better evaluation of diameter 

growth potential might be possible. But it en genetics might be important 

in such a limited sampling and distort the results.

In any case, curves of diameter over age as presented here or 

improved by larger or more selective sampling, are not recommended as safe 

indicators of site quality because diameter growth besides being affected 

by climate and soil, is also most strongly affected by competition, an 

imponderable which varies tremendously in any single uneven-aged stand.

They are however useful in that they provide a first estimation 

of the average growth behaviour of the trees in natural undisturbed 

stands with their actual species composition and of the degree of 

improvement that could be attained by silviculture. As they are, both 

sets of curves certainly expose a s a myth the belief that northern 

hardwoods are slower growing species than their softwood c ompanions.
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As mentioned before, the height-age relationship is considered 

by most foresters the best indicator of site quality in even-aged forests. 

The growth behaviour of trees in uneven—aged stands is however very 

different and the use of height over age to indicate site quality in 

this case is often questioned. Davis (19%) suggests selecting the 

"representative-appearing" trees in the upper canopy which have grown 

evenly and at a moderately rapid rate throughout their lives. Other 

authors have proposed using the height of the large "mature" trees as an 

index of site quality (Dagnélie 19%, Meyer !9^, Donahue 19h0). The 

type of tree referred to by ^avis (19%) is not only difficult to a ssess 

in the field but also difficult to define even with stem analyses. These 

have revealed very few trees with an even growth. It is also practically 

impossible to establish a standard by which to determine whether a tree 

has had a "moderately rapid", a slow or a fast rate of growth. The 

concept of "maturity" is also misleading. Maturity on a poor site comes 

later than on a rich site and as mentioned earlier time is an important 

element in the evaluation of site productivity.

Despite these various shortcomings, scatter-diagrams of height 

over age were nevertheless prepared and curves balanced. The middle 

section of the curves balanced fairly well. But shortage of sound trees 

larger than 12 inches d.b«h. badly affected the trend at the upper end. 

As a proper balancing of this section of the curves was most important, 

an attempt was made to improve the shape of the curves.

As in the method of stand table projection the growth in 

diameter was used to predict height growth through the use of the height- 

d.b.h. curve (Bruce and Schumacher 19%). As mentioned earlier, the 
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height-d.b,h. curves did balance very well and the diameter-age curves 

based on stem analyses were most reliable and gave diameter growth based 

both on average age and "economic free-growing” age. The diameter 

attained at each ten-year period was transferred to the height-d.b,h. 

curve and the corresponding height determined. This way two sets of 

height-age curves were prepared for each species: one of average height 

attained and one of attainable height, The results are presented in 

Figures 61-70. Thia approach, though it involved alternate use of 

d.h.h. as both dependent end independent variable greatly improved 

the trend of the height-age curve.

In the sheaf of curves for sugar maple, two groups stand out. 

One group representing stands of sugar maple, beech and yellow birch 

alone curves out smoothly without overlapping and the relative position 

of the curves is consistent with the ecological evaluation of the sites, 

As expected the more northern B-As taxe to sum type has the lowest height, 

65 feet at 100 years (Fig. 61)» The O-As and B-As fagetosum (including 

the humid variant) types then follow with an average height of 72 feet 

at 100 years while the F-As oxaletosum type shows a height of 79 feet 

at 100 years. Finally, both the B-As tiarelletosum and F-As polystiche- 

tosum show an average height of 81 feet at 100 years.

The second group includes the four types where the fast growing 

species, basswood and elm, form an inportant component of the stand 

(T-As stands for both the typicum and the juglantetosum subassociations), 

in this group, height growth is rapid and superior to that of the other 

types till the trees reach about 80 feet, which is consistent with the 

greater richness of the sites. But at this point the curves flatten out. 

Possibly a larger and more selective sampling could correct this.
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FIG. 70. AVERAGE MAXIMUM HEIGHT ATTAINABLE BY A.ELM BY TYPES
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But it is also logical that such a trend could represent what generally 

happens in these stands. Both basswood and elm are fast-growing species 

and they reach 15 to 20 feet more in height than the other species on 

these sites. Both also have long clean boles and a relatively shallow 

crown. Logically height growth of maple should be comparatively free 

till its crown reaches the barrier of the basswood and elm crowns. Then 

persistent overtopping could slow down height growth appreciably. 

Presumably if the early trend kept on, sugar maple could reach 85 to 90 

feet at 100 years in these types.

Yellow birch generally shows the same height growth as sugar 

maple and beech on the sites where they occur together and the relative 

position of the curves is equally consistent with the ecological 

evaluation of the sites. One curve, common to both subs s sedations of 

the Abieti-Betuletum luteae, shows a trend which contrasts with the 

trend of all the other curves. This would seem to be due primarily 
* 2/

to the greater severity of die-back on these sites . The heights 

actually measured were certainly inferior to the true heights the trees 

did attain earlier and consequently the curves do not properly indicate 

the potential height growth of these sites. The relative position of 

the black ash curves is as expected. Height at 100 years ranges from 65 

feet in the B-Fn type to 9b in the U-As type.

As for basswood and elm they occur on a limited range of sites 

and there is little difference in the heights at maturity. It must be 

noticed however that on any given site, they reach greater heights than 

the accompanying sugar maple and beech.

2/ Confirmed by Dr. M. Sortie in private communication..
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For all species, the curves of maximum height attainable remain 

in the same relative position but are higher than the average curves by 

7 to 10 feet.

The very shape of these curves, their rapid rise for the first 

fifty or sixty years, already indicates that height growth is less affected 

by c ompetition in these stands than diameter growth. It is not surprising 

then to see both sets of height-age curves agree more closely with the 

ecological data than the diameter—age curves.

Can these curves however be used as site index curves, that is 

quick reference curves against which one can check the site quality of 

any new plot? The answer is no. Such a procedure would be very mis­
leading.

It is true that we do have site classes but the range between 

the lowest and the highest is narrow, about 25 feet and there is a variation 

of 10 to 15 feet around each curve for each ecosystem type to start with. 

What is more, the variation inside each plot is the same as for the whole 

type and the possible error in height measurements of hardwoods is large. 

This means that a large sample of trees is necessary every time to obtain 

reliable values and the "height-age site index" method becomes most 

cumbersome.

The main value of these height-age curves is that they now give 

us concrete, quantitative site classes where originally we only had - 

qualitative site classes based on ecological knowledge. 

The Clear Bole Length

One last parameter of the individual tree was worth studying: 

the length of clear bole in trees of commercial size for sawtimber (10 in.+) 

This date was also plotted on scatter-diagrams and a straight horizontal



119

line was the best fit in all cases. Repeated observations showed that 

the clear bole length is determined early in the life of a tree. In 

many instances, trees 6 or 7 inches at d.b.h. (30 to ho years old) 

already showed a fork or large branch which definitively s et the clear 

bole length. The logical thing to do then was to simply calculate the 

mathematical average. Table 11 shows these average lengths -by species 

and types, their standard deviation, the number of trees measured in 

each case and the maximum value encountered,

These values do not represent the true overall average for 

stands and types. Such a value would be useless in the evaluation of 

sites. Wolf-trees and bushy-type trees are common in all types. But 

they are nevertheless a minority, at least in all the stands investigated 

here, their form being due more to contingencies of biology (genetics) or 

competition than to site quality. So the average best were measured in 

every case.

In all types where they occur together, sugar maple, beech, 

yellow birch and red oak tend to show the same average clear bole length 

while basswood, elm, and black ash generally present a longer clean bole. 

There is also a definite trend towards a longer clean bole on the average 

for sugar maple, beech and yellow birch on the better sites: Betulo- 

Aceretum s. tiarelletosum, Fago-^Aceretum s. polystichetosum, Fago-Ace- 

retum s. tilietosum. Tilio-A cere turn s. typicum, Tjlio^Aceretum s. 

juglantetosum and Ulmp-Aceretum s. Because of the variation that does 

exist however inside eg ch type and also in each plot, this parameter cannot 

be used either as a reliable indicator of site quality.
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Table 11. Clear Bole' length by species and types

B-As B—As 6-As 
fag. B-As F-As F-As F-As

SPECIES^^. tax. fag. hum. tiar. ox. til. pel.

Sugar Maple (+Beech) 
. Mean

S D
Max.
No. Trees

hl
38

h9 
hl

32 
i 6

5D 
h5

38 
+ 8 
h8
17

a
60
62

hO
- 7 

60 
3h

38

Yellow Birch
Mean 32 35 33 37 32 32 hO
S D ± 8 iio t 7 ±12 t 8 t 9
Max. h7 56 50 60 60 ho 56
No. Trees 1? 29 h7 6 32 h 11

Basswood
Mean — — — * — h2 52
S D — — • ■ ee ee

Max. ■ — * h8 60
No. Trees * * * — h 2

A . Elm
Mean * — h8 ■ * —
S D ■ • * ■ ■ * ■
Max. * ■ * 6o ■ ■» ■
No. Trees — - — h - • *

Red Oak
Mean — — * — * —
S D ■ * — * ■ — ■

Max. * «• * ■ — ■
No. Trees — — - - - —

Black Ash 
Mean ■ ■ — ■ ■ — —
S D * * * * ■ —
Max. * ■ *■ ■ ■ — ■
No. Trees «• * * ■* ■ ■ ■
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Table 11. Clear bole length (continued)

TYPES
SPECIES

T-As 
typ.

T-As 
jug.=

U-As O-As A-Bl 
typ.

A-Bl 
tsug.

B-Fn

Sugar Maple (+ Beech)
Mean 30 30 38 35 a ■

. S D - 7 * 1 8 1 8 ■ ■ w
Max. L8 30 50 60 ■ a*
No, Trees 28 2 23 120 —

Yellow Birch
Mean 32 36 33 21* 28S D * 2 6 2 1* 2 6Max. 39 50 * 51 35 1*3No. Trees 4 6 1*5 26 32

Basswood
Mean 
S D 5 iïï 1*2

Max, 60 60 1*5 ■ *
No, Trees 12 10 1* * * —

A, Elm
Mean * * 39 ■ ■
S D * • -13 ■ ■
Max. * * 60 ■ —
No. Trees • — 16 * * *

Red Oak
Mean 31 32 ■ ■ * —
S D t 6 w * ■ ——
Max. 2*2 36 a ■ — —
No, Trees 13 6 • — — — —

Black Ash
Mean — — 1*6 * * ■ 38S D *• * ■ ■ ■ : 6
Max. — — 55 ■ ■ 1*9No, Trees — * 6 — 26
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In conclusion, the results just presented seem to indicate 

that the height-age relationship is still a valid measure of site 

productivity in unmanaged uneven-aged stands and that it confirms 

quantitatively the qualitative evaluation arrived at by ecological means. 

On the other hand, the height—d .b .h. and the d.b.h.—age relationships 

as well as the clear bole length only supply additional quantitative 

data about each ecosystem type. They would be unreliable as indicators 

of site quality in the same unmanaged uneven-aged s tands.



SUMMARY AiN D CONCL-USIONS 
:

An evaluation of the productivity of Quebec’s northern hardwood 

forests was badly needed• Such an evaluation however presupposed a 

stratification or classification of the sites tote evaluated. The present 

investigation tried to fulfill the double purpose of classification and 

evaluation.

A combination of macro- and microclimate, soil moisture and 

nutrients allowed the separation of 15 ecosystem types characterized by 

a definite plant community. Each ecosystem however was described into 

all its major ecological components sane of which are essential to photo­

interpretation. The ecological data alone already permitted a first 

qualitative evaluation of the ecosystems e.g. brown forest soils are 

richer than podzols, mesic sites are better than very dry or water­

logged soils, etc.

But a quantitative evaluation of forest productivity is possible 

only through mensuration. The problem was particularly complex because 

of the uneven-aged structure of the forests studied. Such a structure 

precluded any per-acre increment values based on a single measurement. 

What is more, no decent volume tables exist for the area. The only 

possible avenue of investigation was to rely on the growth rate of 

individual trees. Even this approach however was not trouble-free. 

Trees of a given size showed a large variation in age in one and the same 

plot and a large portion of the bigger trees had rotten cores. The 

methods used in this investigation are believed to have overcome these 

difficulties in the most logical way and to have produced the best results 

possible.

133
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The height-age curves do correlate with the qualitative 

ecological evaluation and along with the diameter-age curves do give a 

measure of average growth under unmanaged conditions. Both sets of 

diameter-age curves also contradict the common belief, even among 

foresters, that hardwoods are slower growing than softwoods.

Because of the large age variation of trees of the same size 

in any given plot, the use of the height-age curves as site index curves, 

that is quick reference curves, is possible. It is my conviction that 

there is no way of preparing a meaningful set of site index curves for 

unmanaged uneven-aged stands. The ecologies l characteristics pf the 

site are not only the best and most rapid indicator of productivity 

but also the only one feasible in this case.

The results of the present investigation should prove most 

useful to silviculture and management. The ecological classification 

provides an appropriate stratification of sites for grew th and yield 

studies and silvicultural experiments.

The curves of average maximum diameter attainable at various 

ages give an evaluation of the potential grew th attainable with moderately 

intensive silviculture. Judging from the maximum values found for 

individual trees, I believe even better results can be expected with 

intensive silviculture and good selection of residual trees. The 

rotation necessary to get commercial size timber could be shortened 

by 30 to 110 per cent. In other words, individual trees could be made 

to realize in 70 years the size they attain presently in 100 years.

In addition, the rates of diameter growth together with a 

study of the crown width-d.b.h. relationships should produce most useful 

standards of optimum residual stands in uneven-aged management of various 
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intensities. They should also provide precious guides for thinning 

intensities in even-aged management of the same forests. For clear­

cutting should not be excluded as a treatment for these forests at 

least for the first cutting cycle. Their pathological condition is so 

bad that clear-cutting may be the only means of sanitation. The poor 

shape of the majority of the trees and the great variation in clear 

bole length in any single stand may be due to genetics or competition. 

After due study of the relative influence of these two factors, clear­

cutting might be the only means of improving the genetic stock if 

genetics is the main cause. If the type of competition particular to 

uneven-aged stands is the main cause, growing the trees by even-aged 

groups might be the solution.

It is imperative to start controlled silviculturel experiments 

if we went to study growth and yield of these uneven-aged forests. 

Investigations in pathology, genetics and autecology should also be 

carriedm concurrently.

Finally, all the other ecosystems occurring in the region 

should be studied: natural softwood stands of bottomlands and dry ridges 

and secondary succession forests of pine, birch and aspen. Here again 

it is the writer's contention that the only valid complete approach is 

through the study of the whole ecosystem of which the plant community is 

an inseparable part. Any other approach will only result in a partial 

solution of the problem of site classification.



APPENDIX

List of latin and common names of plant species mentioned in the texte

TREES

Abies balsamea (L.) Mill. Balsam fir

Acer rubrum L. Red maple

Acer saccharinum L. Silver maple

Acer saccharum Marsh. Sugar maple

Betula lutea Michx. f. Yellow birch

Betula papyrifera Marsh.
»

White birch

Fagus grandifolia Ehrh. Beech

Fraxinus americana L. White ash

Fraxinus nigra Marsh. Black a sh

Juglans cinerea L. Butternut

Ostrya virginiana (Mill.) K. Ironwood

Picea glauca (Moench) Voss White spruce

Picea mariana (Mill.) BSP. Black spruce

Picea rubens Sarg. Red spruce

Pinus Strobus L. White pine

Prunus serotina Ehrh. Black cherry

Quereus rubra L. Red oak

Thuja occidentails L. White cedar

Tilia americana L. Basswood

Tsuga canadensis (L.) Carr. Eastern hemlock

Ulmus americana L.

SHRUBS

American elm

Acer pensylvanicum L. Striped maple

Acer spica turn Lam. Mountain maple
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AInus rugose (Du Roi) Spreng.

Cornus alternifolia L.f.

Cornus stolonifera Michx.

Corylus cornuta Marsh.

Dirca palustris L.

Lonicera canadensis Bartr.

Prunus virginiana L.

Rites lacustre (Pers.) Poir.

Rites triste Pali.

Samtucus pubens Michx.

Taxus canadensis Marsh.

Viburnum ac'erifolium L.

♦ Viburnum aïnifolium Marsh.

Viburnum cassinoides L.

HERBS

Actaea pachypoda EU, .

Adiantum pedatum L.

Allium tricoccum Ait.

Amphicarpa bractèata (L.) Fern*.

Aralia nudicaulis L.

Ira lia racemose L. ,

Arisaema atrorubens (Ait) Blume.

Asarum canadense L.

Aster acuminatus Michx.

Aster macrophyllus L.

Athyrium Filix-femina (L.) Roth. .

Athyriüm thelypterioides (Michx.) Desv.

Speckled aider 

Green osier

Red osier

Beaked hazel 

Leatherwood 

Fly-honeysuckle 

Choke cherry 

Bristly black currant 

Red currant 

Red-berried elder 

Ground hemlock 

Arrow-wood 

Moosewood

Withered ■

White banebeny 

Ma idenhair-fern 

Wild leek 

Hog-peanut

Wild sarsaparilla 

Spikenard

J a cle-in-the-pulpi t 

Wild ginger 

Acuminate aster 

Large-leaved aster 

Lady-fern

Silvery spleenwort
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Botrychium virginianum (L.) SW. R^ttlesnake-fe m

Carex intumescens Rudge Swelled-up sedge

Carex plantaginea Lam. Plantain-like sedge

Caulophyllum thalictroides (L.) Michx. Blue cohosh

Chelone glabra L. Smooth snakehead

Chiysosplenium americanum Schwein. Water-mat

Cinna latifolia (Trev.) Griseb. Wood reedgrass

Circaea alpina L. Enchanter1s nightshade

Claytonia caroliniana Michx, Spring-beauty

Clintonia borealis (Ait.) Raf. Bluebead-lily

Coptis groenlandica (Oeder) Fern. Goldthread

Corallorbiza maculata Raf. Spotted coral-root

Comus canadensis L, Bunchberry

Dentaria diphylla Michx. Two-leaved toothwort

Dicentra canadensis (Goldie) Walp. Squirrel-corn

Dicentra Cuccularia (L.) Bernh. Dutchman1s-breeches

Diyopteris disjoncta (Ledeb.) C.V. Mort. Oak-fern

Diyopteris marginalia (L.) Gray Marginal shield-fern

Dryepteris hoveboracensis (L.) Gray New York fern

Dryopteris Phegopteris (L.) Christens. Long beech-fern

Dryopteris spinulosa (O.F. Mue11.) Watt Spinulose wood-fern

Equisetum sylva ticum L, Wood horsetail

Eiythronium americanum Ker Yellow dog's-tooth-violet

Galium triflorum Michx. Sweet-scentel bedstraw

Habenaria viridis (L.) R. Br.
var. braeteata (Muhl.) Gray

Bracted green orchis

Hepatica acutiloba DC. Acute-lobed liverwort

Impatiens capensis Meerb. Spotted touch-me-not
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Laportea canadensis (L.) Wedd.

Linnaea borealis L, var. americana (Forbes) Rehd,

Listera cordata (L.) R. Br. ' .

Lycopodium annotinum L.

Lycopodium lucidulua Miohx» 

lycopodium obscurum L.

Lycopus uniflorus Michx.

Malanthemum canadense Deaf.

Medeola virginiana L.

Mitchella repens L. 
»

Mitella diphylla L.

Mitella nuda L.

Monotropa Hypopithys L •

Monotropa uniflora L, 

Onoclea sensibilis L. 

Oryzqpsis asperifolia Michx. 

Osmorhiza Claytoni (Michx.) C.B. Clarke 

Osmunda cinnamomea L, 

Osmunds Claytoniana L. 

Oxalis montana Raf.

Parthenocissus quinquefolia (L.) Planch.

Polygonatum pubescens (Willd.) Pursh.

Polystichum acrostichoides (Michx.) Schott

Polystichum Braunii (Spanner) Fée 
var. Purshii Fern.

Prenanthes altissima L, 

Pteretis pensylvanica (Willd.) Fern.

Wood-nettle

Twinflower '

Heartleaf twayblade

Bristly clubmoss

Shining clubmoss

Tree clubmoss

Bugleweed

Wild lily-of-the-valley

Indian cubumber-root

Pa rtridge-berry

Coolwort

Mitterwort

Pinesap

One-flowered Indian pipe

Sensitive fern

Mourta in-rice

Sweet jarvil

Cinnamon fern

Interrupted fern

Common wood-sorrel

Woodbine

Hairy Solomon*s-seal

Christmas fern

Pursh *s holly fern

Rattlesnake-root

Ostrich-fern
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Mnium cuspidatum (L.) Leyss.

Pyrola elliptica Nutt.

Rubus odoratus L.

Rubus pubescena Raf.

Sanguinaria canadensis L.

Sanicula marilandica L.

Sanicula trifoliata Bickn.

Smilacina racemosa (L.) Desf.

St rep topus roseus Micfax. . ,

Thalictrum polyganum Muhl.

Tiarelia cordifolia L.

Trientalis borealis Raf, 

Trillium erectum L.

Trillium grandiflorum (Michx.) Salisb.

Trillium undulatum Willd.

Urtica procerg Muhl. -

Uvularia grandiflora Sm.

Veronica americana (Raf.) Schwein.

Viola canadensis L.

Viola incognita Brainerd *

Viola pensylvanica Michx.

MOSSES AND HEPATICS

Baszania trilobata (L.) S.F.Gray 

Climacium dendroides (L.) Web’& Mohr. 

Hylocomium proliferum (L.) Lindb. 

Hylocomium triquetrum (L.) B. & S.

Hypnum Haldanianum Grev.

Shinleaf

Thimbleberry

Dwarf raspberry

Bloodroot

Sanicle

Sanicle

False Solomon1s-seal

Twisted-stalk

Tall meadow-rue

False mitterwort

Star-flower

Purple trillium

Large-flowered trillium

Painted trillium

Tall nettle

Merry-bells

American brooklime

Canada violet

Large-leaved white violet

Smooth yellow violet
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Mnium hornum L.

Mnium puncta turn L.

Thuidium delioatulum (L.) Mitt.

Triehocolea tomentella (Ehrh.) Dum.



BIBLIOGRAPHY

ADAMS, F J). 1896. Report on the geology of a portion of the Laurentian 
area lying north of the Island of Montreal. Geol. Surv. 
Can., Ann. Rept. VUI, Pt J. 18k pp. .

AICHINGER, E. 1951a. Vegetationsentwicklungstypen a Is Grundlage unserer 
land - und forstwirtschaftliche Arbeit. Ang. Pflanzensoz. 
(Wien) Heft 1: 17-20.

___________ 1951b. Soziationen, Assoziationen und Wald-entwicklungstypen. 
Ang. Pflanzensoz. (Wien) Heft 1: 21-68.

AMIOT, L.P. et BERNIER, B. 1962. Méthodes d*analyse chimique usuelle des 
sols et des tissus végétaux. Les Presses de 1'Université 
Laval, Québec: 11? pp.

ANON. 1959. Temperature and Precipitation Normals for Canadian Weather 
Stations based on the Period 1921-1950. Can. Dept. Transport, 
Meteor. Br., Climatology Div., Circ. 3208, Cli. 19, 33 pp.

ASAMI, T. & KUMADA, K, 19^9. A new method for determining free iron in 
paddy soils. Soil & Plant Food 5, 111-1^6.

________________ i960. Comparison of several methods for determining 
free iron in soils. Soil & Plant Food 5, 179-183.

ASSMANN, E. 1953. Die Verlagerung des HBhenkurven von Plenterwaldflachen 
und ihre Ursachen. (The upward movement of height curves of 
selection forest plots and its causes) A11g. Forst. und 
Jagdztg 12k (6) 175-7 6 refs. (G.)

AUBERT, G. et P. DUCHAUFOUR 1956. Projet de classification des sols. 
6e Cong. Int. Sc. du sol, Paris.

AUBERT DE LA RUE, E. lÿhôa. Nominingue and Sicotte map areas, Labelle 
and Gatineau counties. Que. Dept. Mines, Geol. Rept No. 23, 
pp. 1-59, map.

191:8b. Preliminary Report on McGill Township area, 
Papineau, Labelle and Gatineau Counties, Quebec. Que. Dept. 
Mines, Prelim. Rept. No.2L5, lk p., map.

AUGER, P.E. 1952. Region de Belleterre, Canton de Guillet, Cté de 
Ternis camin gue. Serv. Mines Que: Rap. Geol. No. 55, carte.

BARLOW, A.E. 1899. Report of the geology and natural resources of the 
area included in the Nipissing and Temiscaming map sheets. 
Geol. Surv. Can., Ann. Rept. X, pt I, 287 pp. Maps 599-606.

BECKING, R.W. 1957. The Sarich^Iontpellier school of phytosociology. 
Bot. Rev. 23 (7) p. kll-88, 12 pp. of ref.

132



133

BECKING, R.W. 1962. Etude phytosociologique des forêts tempérées. 
Méthode mécanographique. Publ. I.N.E.A.C. (Sér. Soi.:) 
No. 93, p. 59-69, 6 refs.

BEIAND, J. 19514.' Geology of the Shawinigan map area, Champlain and 
St .Maurice Counties, Quebec. Dissert. Abst. V. Uj, no. 1, 
p• 88. '

BELAND, J. et R. BERGERON. 1959e Esquisse géologique du Québec méri­
dional. Cahiers de Géog. de Québec, 3®an., No. 6, 
pp. I3I-I38, carte.

BEIAND, J. 1961, Région de Shawinigan, Comté de St-Maurice, Champlain 
et Laviolette. Min. des Richesses Naturelles, Québec, Rap. 
Gêol. 97, 56 pp.,2 cartes, 21 planches.

BEIAND, R. 1954# Preliminary report on Wakefield area, Gatineau County. 
Que. Dept. Mines, Geol. Surv. Br., Prelim. Kept. No. 298, 
7 pp., map.

BELANGER, M. 1953e Trois cartes originales sur le relief de la région 
du bas Saint-Maurice (Québec). Canadian Geographer No. 2, 
p. 35-42, illus. .

BELL, R. I889. Summary of explorations in the Lake Timiskaming region. 
Geol. Surv. Can., Ann. Rept. III, pt A, p. 22-27.

BELIEFEüILIB, R. 1932. Détermination de la capacité de production des 
stations par l’étude de la végétation du sous-bois. Etudes 
forestières, Ass. Ing. For. P. Q.: 83-IO6.

BERNIER, B. i960. Lectures in forest soils (unpublished).

BOUGHNER, C.C. and G JI. KENDALL. 1959e Growing degree-days in Canada. 
Canada Dept, of Transport. Meteorological Branch. 21 p. 
this. + 5 maps. (Cir. 32-03; Tec-303).

BRAUN-BIANQUET, J. 1932. Plant Sociology. McGraw Hill Book Co., M.T. 
XVIII + 439 pp.

BRUCE, D. and F J. SCHUMACHER. 1950. Forest Mensuration (3rd ed.). 
McGraw-Hill Book Co. Inc. 483 pp.

CAJANDER, A.I. 1926. The Theory of Forest Types. Acta Forest. Fenn. 29, 
- (1-108). .

CHANDLER, R.F., Jr. 1937. Calcium relationships and base uxchange 
properties of forest soils. J. For. 35$ 27-32,

CLARK, T.H. 1948. Preliminary report on the Portneuf map area, Portneuf 
. and Lotbiniere Counties (Quebec). Que. Dept. Mines, 

Prelim. Rept. 225, 10 pp. index, map.



131

CIARK, T .H# and M. LUNDE. 1953. Preliminary report on the Grondines map- 
• area, Chanplain, Portneuf, Laviolette, Nicolet and Lotbiniêre 

Counties Pt 1 Paleozoic Pt 2 Pre-Cambrian. Que. Dept. Mines, 
Geol. Surv. Br., Prel. Rept. 237: 1-6, map.

CIARK, T .H. and G.W. STEARN• i960• The Geological Evolution of North 
America. A regional approach to historical geology. The 
Ronald Press Co., N.T. 1*31* pp.

COLLINS, W.H. 1911*. The Huronian formation of Temiskaming region. Geol. * 
Surv. Can., Mise. Bull. No. 8, 2? pp.

CROSBY, I.B. 1932. Drainage changes and their causes in the St .Maurice 
Valley in Quebec. Jour. Geol. Vol. hO, No. 2, pp. IhO-l#. 
2 figs.

CUMMINGS, G.L. et al. 1955» Some Dates and Subdivisions of the Canadian 
Shield. Geological Association of Canada. Proc. 7, Pt. 2; 
pp. 27-80.

CURTIS, J.T. 1959e The Vegetation of Wisconsin: An Ordination of Plant 
Communities. The Univ, of Wisconsin Press, Madison.

DAGENAIS, P. 191i3e Particularités morphologique s du relief glaciaire de 
la Province de Québec. Soc. Géog. Québec, Montréal Bull. 
Vol. 2, no. 2, p. 17-21.

DAGNELIE, P. 1956a. Recherches sur la productivité des hêtraies d’Ar- 
denne en relation avec les types phytosociologiques et les 
facteurs écologiques, 1ère partie: Recherche d’un critère 
de station utilisable dans les hêtraies d’Ardenne. Bull. 
Inst. Agron. Gembloux 2^ (3) 1956 (2li9-2811) 92 refs. •

___________ 1956b. Recherches sur ...des hêtraies d ’Ardenne ...
2ième partie: Utilisation d’un critère de station dans les 
hêtraies d’Ardenne. Bull. Inst. Agton. Gembloux 2h (h) 
369-1*10 I1I4 refs. 1 tbl.

___________ 195? • Recherches sur ... des hêtraies d’Ardenne ... 
3Îeme partie: Interprétation des résultats. Bull. Inst. 
Agron. Gembloux 25 (&) 1957 (hh-9h) 11 refs.

DAUBENMIRE, R. I96I. Vegetative Indicators of Rate of Height Growth in 
Ponderosa Pine. Forest Science 7 (1) p. 2l*-3l*.

DAVIS, K.P. 195b. American Forest Management. McGraw-Hill Book Co. Inc., 
New York. 1*82 pp.

DENIS, B.T. 1936. Canton de Guillet, Cté de Terniscamingue• Serv. Mines 
Québec, Rap. ann. pt. B: (Carte No. 355= 1/2 m/po.).

_ 1937 • Région du lac Simard, Cté de Témiscamingue • Serv.
Mines Qué„ Rap. ann., pt. B: (Carte No. 1*07, 1 mi/po.).



135

DIEMONT, W.H. 1938. Zur Soziologie und SynBkologie der Buchen und 
Buchen-mischwaider der nordweat-deutschen Mittelgebirge. 
Mitt, floi^soziole Arbeitsgem. in Niedersachen U, Hannover. 
(Sigma Comm. No. 6$ p. 1-182, 20 fig, 4 tabi.)

DONAHUE, R.L. 19^0. Forest-Site Quality studies in the Adirondacks 
1 Tree growth gs related to soil morphology. Cornell Un., 
Agr. Exp. Sta. Mem. 229: hh pp.

DRESSER, J .A. and T.C. DENIS. 19^1-19^9. Geology of Quebec. Vol. 1. 
Bibliography and Index, 180 pp. 19hl. Vol. 2. Descriptive 
Geology, Slut pp. 19W:. Vol. 3. Economic Geology, $62 pp. 
19h9« Que. Bur. of Mines, Geol. Rept. 20.

ELLENBERG, H. 1939» Ueber Zusammensetzung, Standort und Stoffproduktion 
bodenfeuchter Eichen-und Buchen-Mischwaldgesellschaften 
Nordwestdeutschlands. Mitt, florst-soziol. Arbeitsgem. 
Niedersachsen $: 133 pp.

ELLENBERG, H. 195b» Zur Entwicklung der Vegetationssystematik in 
Mitteleuropa. Festschrift fHr Erwin Aichinger zum 60. 
Geburtstag. Band 1: 13h-lh3.

ELIS, R.W. 1897• Report of works in Coulonge and Black River area. 
Geol. Surv. Can., Ann.Rept. H, Pt A, pp. $3-$9.

________ 1900. Report on the geology of the Three Rivers map sheet 
or northwestern sheet of the Eastern Townships area. Geol. 
Surv. Can. Ann. Rept. XI, pt. J, pp. 1-62 (Three Rivers 
map b mi/in. No. 66$).

_________  1902. Report on the geology of Argenteuil, Ottawa and part 
of Pontiac Counties, Province of Quebec, and Portions of 
Carleton, Russel and Prescott Counties, Province of Ontario. 
Geo. Surv. Can., Ann. Rept. XII, pt. J., pp. 1-138. Grenville 
map No. 750. b mi./in.

ETTER, H. 19b3« Pflanzensoziologische und bodenkundliche Studien an 
schweizerischen LaubwSldern. Mitt, Schw. Anslalt. forst 
Versuchsw. (Annales de !•Institut fédéral de recherches 
forestières) 23, 1, Zurich.

_______ 19b7 • Uber die Waldvegetation am sBdostrend des schweizerischen 
Mittellandes. Mitt. schweiz. Anst. forstl. Versuchsw. 2$ 
(1) 141-210, 6 this., 1 map, 8$ refs.

_______ 1953. La description de la station, principes et application. 
Comptes rendus, llième Congrès U.L.L.R.F. (I.U. Fro) 
PP. 336-3b2.

FAESSIER, G. et J.W. LAVERDIERE. 193&. Quelques observations sur la 
géologie de la Cote de Beaupré. Nat. Can., Vol. 63, pp. 33-b5



136

FAESSLER, G. 19^0. Etudes physiographiques sur la Côte de Beaupré. 
Naturaliste Canadien, Vol. 6?, no. h-$. pp> 111-136, 
7 figs. (cartes index).

.______ 19h7 e Llextension maximum de la mer Champlain au nord du
St-Laurent, de Trois-Rivières a Moisie. The Provencher 
Society of Natural History of Can. Ann. Rpt. 19h7, p. 16-28, 
illus.

___________ 19^8. Simon Lake area, Papineau County* Que, Dept. Mines. 
Geol. Surv. Br., Geol. Rept. 33, 29 p. and map.

FLINT, RJ. 19&7. .Glacial geology and the Pléistocene epoch. John 
Wiley and Sons, N.T.

FROTHINGHAM, E.H. 1915e The Northern Hardwood Forest: itd composition, 
growth and management. U.S.D.A. Bull. 285, 80 pp. Illus.

GADD, N.R. i960. Surficial geology of the Becancour map-area, Quebec. 
Geql. Surv. Can. Paper. 59-8: 3b pp.

GADUX, A. 19b9e Principaux groupements forestiers de Belgique et leurs 
types de sol. Bull. Soc. for. Belg. 56 (7) 26^.85, 18 refs.

GILL, JÆ. 19b9e Natural Divisions of the Canadian Shield. Royal Soc. . 
of Can., Trans. b3 Ser. III. Sect, b: 61-69.

__ (ed.) 1957. The Proterozoic in Canada. Roy. Soc. of Canada, Spec, 
Publ. 2.

GILLIES, N.B. 1952. Canimiti River Area, Pontiac County, Que. Que. 
Dept. Mines, Geol. Rept. 52, b6 pp.

GLEASON, H.A. 1939* The individualistic concept of the plant association. 
Am. Mid. Nat. 21: 92-108.

GOIDRING, W. 1922. The Champlain Sea. New York State Mus. Bull. Nos. 
239-2bO.

GOLDTHWAIT, J.W. 1926. Late glacial oscillations of level in the 
St.Lawrence Ottawa Valley. (abs.) Geol. Soc. Amer. Bull. 
Vol. 37, No. 1. pp. 173-7b.

GOODIETT, J.C. i960. The development of site concepts at the Harvard 
Forest and their impact upon management policy. Bull. Harv. 
For. 28: pp. 128, 76 refs.

GORDON, A.G. 1955» A comparison of climate and cover types of the 
Algonquin Uplands of Ontario and similar areas in the 
Maritime Provinces and Northeastern United States, Paper 
presented at the 8th annual N.E.F.S.C. meeting in Ontario, 
Aug. 1-b, 1955.



137

GOUDGE, N.F.1935. rep. 1962. Limestones of Canada III Quebec. Can. 
Dept, of Mines, Mines Branch Publ. 7% 2?h pp.

GRIM, R.E. 1962. Clay Mineralogy. Science 13$ ($$0?) p. 890*898.

tlRISEBACH, A. 1872. Die Vegetation der Erde nach ihrer klimatischen 
Anordnung. Engelmann, Leipzig.

GRUNEBERG, H. and H. SCHLUTER, 1957• Waldgesellschaften im Thuringischen 
Schiefergebirge. Arch. Forstw. 6 (11/12) (861-932) & 3 maps 
32 refs. (F.A. 19 No. 3976).

GUINIER, P. 1932. Les associations végétales et les types de forêts du 
Jura français. Ann. Ec. Nat. Eaux et Forêts. T. IV fasc. 2 
1932. pp. 265-280.

-------------- 1950. Sols et forêts de l'Ouest (de la France) pédologie, 
phytosociologie et sylviculture. Bull. Corn. For., Paris Ih 
(83) 1232-60, 11 refs. (F^. 11, No. 2$61).

HALLIDAY, W.E.D. 1937. A Forest Classification for Canada. Can. Dept. 
Mines and Rtes., For. Serv. Bull. 89: 56 pp.

HANNAH, G.J.R. 1952. The origin of the metasomatic "Iron-Formation" 
at Old Chelsea, P.Q. M^c. thesis, Laval Univ. 107 pp., 
31 plates.

HARE, F.K. 1959. A Photo-Reconnaissance Survey of Labrador-Ungava.
Can. Dept. Mines and Tech. Surv., Geog. Br. Mem. 6, 83 pp.. 
and maps «

HARRY, W.T. 1961. Gneisses of the Kipawa District, Western Quebec, 
Grenville Sub-Province of the Canadian Shield. Geol. Surv. 
Can., Bull. 64.

HEIMBURGER, C .0. 1941* Forest site classification and soil investigation 
on Lake Edward Experimental Area. Can. Dept. Mines and Res., 
For. Br., Silv. Res. Nte. No. 66.

HENDERSON, J.F. 1936. Geology and mineral deposits of Ville-Marie and 
Guillet Lake map area? Quebec. Geol. Serv. Can., Mem. 201, 
38 pp.

HICOCK, H.W., M.F. MORGAN, H.J. LUTZ, H. BULL, and H.A. LUNT. I93I. 
The relation of forest composition and rate of growth to 
certain soil characteristics. Conn. Agr. Exp. Sta.. Bull. 
330: 671-750.

HILLS, G.A. 1952. The Classification and Evaluation of Site for Forestry. 
Ont. Dept, of lands and For., Res. Rept. 2h, 42 pp.

— - . 1958. Soil-Forest Relationships in the Site Regions of
Ontario. First North American Forest Soils Confer., Bull. 
Ag. Exp. Sta., Mich State Univ., pp. 190-212.



138

HILLS, GoA. and G. PIERPOINT, i960. Forest Site Evaluation in Ontario.
Ont. Dept, of Landseand For., Res. Rept. b2,

HORVAT, I. 19$0e Forest communities of Jugoslavia. Institut za Sumarska 
Istrazivanja, Zagreb, pp. 73-21 photos, 1 map, 101 refs.

________  19#• Die Tannemrllder Kroatiens im pflanaeuaoaiologiachen
• und foretlichan Zuaaaeienhang (Plant sociology and forestry 

of the CroatlW Silver Fir forests) Schweiz. Z. Forestw. 108 
(IOAD 570-96. 17 refs.

ILVESSALO, T. 1929» Notes on some forest (site) types in North Arerica. 
Acta Forest. Fenn. 3b: p. 1-111,

ISSLER, E. 1926. Les associations silvatiques haut-rhinoises. Classi­
fication sociologique des Forets du département du Haut-Rhin 
al1exclusion du Sundgau et du Jura alsacien (avec carte). 
Soc. Bot. de Fiance Bull. 63: 62-1112,

JOHNSTON, WJk. 1916, Late Pleistocene Oscillations of Sea Level in the 
Ottawa Valley. Geol. Surv. Can., Mus. Bull. 2h, 17pp. ■

_______________ 1917 • Pleistocene and Recent Deposits in the Vicinity of 
Ottawa, with a Description of the soils. Geol. Surv. Can. 
Mem. 101.

____________ 195b • Geology of the Temiskaming-Grenville Contact, 
southeast of Lake Tema garni, Northern Ontario, Canada. Bull. 
Geol. Soc. Amer. vol. 6$ pp. 10b7-107he

NARROW, P.F. 1957 » Pleistocene geology of the Orondines map-area, Quebec. 
Ph.D. thesis, Univ. Illinois, Urbana, Ill.

_________ 1959» Grondines Map-Area, Quebec Surficial Geology. Geol.
Surv. Can., P.S. Map bl- 1959#

KOPPEN, W. and R.E. GEIGER. 1936. Handbuch der Klimatologie, Vol. 1, 
C. Verlagsburkhandlung, Gebrttder Borntraeger, Berlin.

KRAJICEK, J.E., KJL. BRINKMAN, and S.F. FINFRICH. I96I. Crown Competition. 
A Measure of Density. Forest Science 7 (1) p. 35-b2.

KUBIENA, W.L. 1953• The Soils of Europe. Thomas Murby and Co.,London, 
317 pp.

KUJALA, V. 19b5# Waldvegetationsuntersuchungen in Kanada mit besonderer 
Berücksichtigung der Aribaumoglichkeiten Kanadischer Holzarten 
auf naturlichen WaldbBden in Finnland. Ann. Acad. Sclent.
Fenn. A. IV, 7: p. l-b26.

LAFOND, A. 1956. Notes pour 1'identification des types forestiers sur 
les concessions de la Quebec North Shore Paper Company.
Manuel de poche, publié par la Quebec North Shore Paper Co. 
56 pp. .



139

LAPORTE, J. 1952. Study of Precambrian Rocks near Beauport Lake, Quebec 
. (Fr.) M. jc. thesis, Laval Univ. 75 pp* h plates, 1 map,

IAVERDIERS, J.W., et C. FAESSLER, Î9^, Histoire géologique de la région 
de Shawinigan (Québec). Québec. Univ. Laval, Fac. Soi.
Géologie et Minéralogie Contr. £6, 20 p., 7 figs. Cartes index.

LA.VERDHBB, J.W. 19hh« Le lit préglaciaire de la rivière St-Maurice, 
(Abs) ACEAS Annales Vol. 10, p, 79.

LAVERDIERE, J.W., etJ. IA VALLEE. 19h5* Stratigraphie des environs de 
la riviere Friponne, Cote Beaupré. ACEAS annales Vol. 11, 
p. 86-87, ■

’ , * ■
IAVERPIRRE, C., et A. COURTEMANCHE. 1961.8. La Géomorphologie glaciaire 

de la région du Mont Tremblant. 1. Généralités et traits 
d’ensemble. Bull, du Serv. Biog. Univ. de Mort réal. No. 25, 
31 PP. ’

— ■ - , . 1961b. La Géomorphologie glaciaire
de la région du Mont Tremblant. 2. La région de Saint-Faustin- 
Saint-Jpvite. Bull, du Serv. de Biog., Univ. de Montréal, 
No. 26. 27 pp.

LEBRUN, J., A*. N03FALISE, P. HEINEMANN, et C. VANDEN BERGHEN. 19h9. Les 
associations végétales de Belgique. Bull. Soc. Roy. Bot. 
Belgique. 82: 105-205.

LEGGET, R.F. 19^8. A note on Pleistocene Deposits near Three Rivers, Que• 
Roy, Soc. Can. Tr. 3rd ser., V. ^2, sec. U. p. 55-59.

IEMIEÜX, G.J. 1959. Soils, forest conditions and site types in the Clay­
Belt (Section B^), Boreal Forest Region, Quebec. Can. Dept. 
NA., and N.R., For, Br,, For. Res. Div. Mimeo 59-^ 8 pp,

__________ 1961. An Evaluation of Paterson’s CVP Index in Eastern 
Canada. Can. Dept. For., For. Res. Br., Tech. Note 112, 
10 pp. and map. ,

LINTEAU, A. 1955e Forest Site Classification of the Northeastern Coniferous 
Section, Boreal Forest Region, Quebec. Can. Dept. NA. and 
N.R., For. Br., For. Res. Div., Bull. 118, 85 pp.

LINTEAU, A., and G.J. LEMIEUX. Growth and Yield' tables for Spruce and Fir 
in the Boreal Forest Region. (Manuscript in preparation).

LIVINGSION, BA., and F. SHREVE. 1921. The Distribution of Vegetation in 
the United States as Related to Climatic Conditions. Carnegie 
Inst. Wash. Publ. No. 28b. 1-XV1, 1-590, 73 pls, 7h figs.

LOGAN, W.E. 18^7 « Les explorations de 1’Outa ouais et du lac Témi seamin- 
gue. Com. Géol. Can. Rap. pour l’année 18^5» p. 5-107■



mo

LOGAN, WJ3. 185b. La description géologique de la rive septentrionale 
. du St-Laurent entre Montréal et le Cap Tourmentei Com. Géol.

Can. Rap. pour 1852 pp. 5-80. '

 1857 • Report of Progress for the years 1853-56 (b9h PP•) 
Geol. Surv. Can.

___________ 1963. Geology of Canada. Geo. Surv. Can. Rept. of Prog, 
from its commencement to 1963, 938 pp.

LOW, A.P. I893. On the geology and economic minerals of the southern 
portion of Portneuf, Quebec and Montmorency Counties, Quebec. 
Geol. Surv. Can. Ann. Rept. 1890-91 Vol. V. Part I Rept. L 
72 pp.

LUNDE, M. 1951. La région de Grondines, 2ieme pt. Les terrains pré­
cambriens . Min. des Mines, Que. R.P. 237•

195b. The Precambriam and Pleistocene geology of the Grondines 
map-area Quebec (abs). Canadian Min. Jour. V. 75, No. 10, 
p. 106.

MACLINTOCK, P. 195b. Pleistocene geology of the St.Lawrence Lowland. 
A progress report. N.T. State Sci. Service Rept. Inv. No. 10, 
20 p. illus.

MACGERRIGLE, H.W. 1936. Région de Lachùte: les Basses Terres. Rap. Serv. 
Mines, Québec, partie C, p. b5-68. 1 fig., 1 pl . photo, 1 pl. 
carte, p.,60.

MACKAY, J.R. 19b7. Thé North Shore of the Ottawa River, Quyon to Monte­
bello, Quebec. Rev. Can. de Geog., Vol. 1-6 (19b7-52): pp. 3-7.

____________ 19b9. Physiography of the Lower Ottawa Valley. Rev. Can. 
de Géographie 111: 53-97.

MAUFFETTE, P. 19b8. Région de Val-des-Bois, Ctés de Papineau et de 
Gatineau. Min. des Mines, Quebec, R.P. 223.

____________ 19b9* Région de Denholm-Hincks, Cté de Gatineau. Min. 
des Mines, Québec, R.P. 235, 5 pp. •

______ ' ■ 1950. Notes sur la découverte des sédiments fossilifères 
de la mer Champlain dans les régions de Val-des-Bois, de 
Martindale et de Farrellton, P.Q. ACFAS, Annales, V.16 J. 
100-103.

_____________ 1953. Partie du canton de Fabre, Cté Témiscamingue. Min. 
des Mines, Québec, R.P. 27b.

MCLINTOCK, TJ., and C.A. BICKFORD. 1957. A proposed Site Index for Red 
Spruce in the Northeast. Northeast For. Exp. Sta., Sta. Pap. 
No. 93 . 30 pp.



141

MELIHERCSIK, S.J. 1949# Geology and Petrology of the Precambrian in 
the Pbrtneuf Map area, Quebec. M. Sc. thesis, Laval Univ. 
50 pp., 2 maps, 8 plates.

MERRIAM, C.H. 1898. Life zones and crop zones of the United States. 
U.S. Dept. Agr., Div. Biol. Surv., Bull. 10.

MEIER, H.A. 19^3. Management without rotation. Jour. For. 1*1: 126-132.

MOOR, M. 1951. Des groupements végétaux forestiers dans le Jura: les 
associations dLimaciques et les associations spécialisées. 
Schweiz. Z. Forstw. 102 (12) (63^-^) 6 refs.

MOOR, M. 1958. Pflanzengesellschaften schweizerischer Flussauen. 
Mitt. schweiz. Anst. forstl. Versuecsw. 3h (h): 221-360 
and 6 photos, 27 tbls. in pocket. 122 refs.

MOORE, J.J. 1962e The Braun-^lanquet system: a reassessment. Jour, of 
Ecol. 50 (3): 76I-769.

MOOSMAIER, H.U. i960. Standort, Waldgesellschaft und Ertragsleistung. 
Allg. Forstzeitschr. 15(43): 613-616, 19 refs.

NICHOLS, G.E. 1935 e The Hemlock — White Pine — Northern Hardwood region 
of Easteen North America, Ecology 16: 403-422.

OSANN, A. 1902. Notes on certain Arche an rocks of the Ottawa valley. 
Geol. Serv. Can., Sum. Rept. XII, pt. 0, pp. 1-84.

OSBORNE, F.F. 1935# Labelle - l’Annonciation map area (Que.). Que. 
Bur. Mines, Ann. Rept. 1934. Pt. E, $2 pp., 9 pls. and 
geol. map. 6 figs.

____________ 3-936$ • Ste-Agathe-St-Jovite map area. Quebec Bur • Mines • 
Ann. Rept. 1935# Pt. C, pp. 53-88, 8 pls. and geol. map. 343<

____________  1936b. Intrusives of part of the Laurentian complex in 
Quebec. Am. Jour. Sci. 5th sec., vol. 32, pp. 407-434.

____________  1951. Parc des Laurentides ice cap and the Quebec Sea. 
Naturaliste Can. 78: 221-251.

____________  1956. Geology near Quebec City. Naturaliste Can. 83 
(8-9): pp. 157-223, 9 figs.. 8 pig.

PARDE, J. 1958. Une notion nouvelle et fructueuse: l’indice C.V.P. 
R.F.F. 10 (3) 195-201, 2 refs.

_________ 1959. Production ligneuse et indice de Paterson. Schweiz. 
Zeit. Forstw., (Jour. for. suisse). (110) 4 p. 211-221.

PATERSON, S .3. 1956. The Forest Area of the World and its potential 
Productivity. Meddelande fran GOtebergs Universitets. Geog. 
Inst., GBt. No. 51. pp. 216 and 4 maps, 10 pp. refs.



142

PATERSON, S.S. 1959» Fyokorologiskt bi drag till Kannedomen am nagra 
grundfaktorer fBr Sveriges skogliga produktivitet.
Sartiyck ur Festschrift till 0. Jonassen. GBteborg 
p. 159-168, h0 refs. (F^. 21, No. 2189).

POORE, M.E.D. 1955. The use of phytosociologica1 methods in ecological 
investigations. 1. The Braun-Blanquet system. 2. Practical 
issues involved in an attempt to apply the Braun-Blanquet 
system. Jour. Ecoi. h3 (1): 226-269.

RETTY, JJL. 1932. Lake Ostaboning map area, Temiscamingue County. 
Quebec Bur. Mines, Ann. Rept. (1931) pt. C, pp. 3-16.

__________ 1933. Reconnaissance along the Coulonge and Black Rivers, 
Pontiac County. Queb. Bur. Mines Ann. Rpt. 1932, Pt. D. 
pp. 83-IO7, 5 pls. and map. No. 2h9.

__________  193h. Upper Gatineau region and vicinity: Que. Bur. Mines, 
Ann. Rept. 1933 Pt. D. pp. 129-148, 3 pls. and geol. map.

RICHARD, J.L. 1961. Les forêts acidophiles du Jura: étude phytosocio- 
logique et écologique. BeitrBge zur geobot. Landesaufn. der 
Schweiz., Heft 38, Verlag Hans Huber, Bern. 164 pp., 38 figs. 
10 tables.

ROBERT, J.L. 1963. Géologie de la Région du Lac Kipawa, Cté Témiscamingue. 
' Min. Rich. Matur. Qué., Rap. Prél. No. #2, Carte No. 1$)3.

ROWE, J.S. 1959. Forest Regions of Canada. Can. Dept, of North Aff. and 
Nat. Res., For. Br., Bull. 123, 71 pp.

________ 1962. Soil, Site and Land Classification. For. Chron. 38 
(4): 420-432.

SABOURIN, R.J.E. 1952. The Meach Lake, Quebec, Pseudo-Conglomerate and 
associated phenomena, M.Sc. Thesis, Laval Univ. 49 pp., 
7 plates.

______________ 1955. Geology of the Bristol-Basham Area, Pontiac and 
Gatineau Counties, Quebec. D.Sc. Thesis, Laval Univ. 135 pp., 
17 plates, 2 maps.

SANDERSON, M. 1948. The climates of Canada according to the new 
Thornthwaite classification. Sci. Agric. 28: 501-517.

SCHIMPER, A.F,W. Plant Geography upon a physiological basis. Engl, 
transi. by W.R. Fisher. Clarendon Press. Oxford, 869 pp., 
73 pls.

SMITH, J.R. 1950. The Geology of Montauban-les-Mines mineralized area, 
Quebec. M.Sc. thesis, Laval Univ. 79 pp., 7 plates, 2 maps.

SNELLING, N.J. 1962. Potassium-Argon dating of rocks North and South 
of the Grenville Front in the Vald{0r region, Quebec.
Geol. Surv. Can., Bull. 85: 27 pp.



1U3

SOO, R. de. 1951. Les associations végétales de la moyenne Transylvanie 
, 1. Les associations forestières. Ann. Hist.-Nat. Musé

Nationslis Hungarici, Budapest 1, 19Ü9/50 (1-71 and 13 tbls) 
92 refs.

---------------- 1952$ Etat actuel des recherches géobotaniques et floristi­
ques en Hongrie. Vegetatio h (1) ^O-^.

SPURR, S .H. 1952. Forest Inventory. The Ronald Press Co., N.Y. pp. 76.

STOCKWELL, C.H.E. 195?. Geology and Economic Minerals of Canada.
(Uth Ed.) Geol. Surv. Gan., Ecpn. Geol. Serv. No. 1: $1$ pp.

TAILLSFER, F. 1958. Les Morphologies des environs de Québec et la basse- 
vallée du St-Laurent. Cahiers de Géographie de Québec. 2 
(U): 177-192.

. TANSIEY, A .G. 1935. The use and abuse of végéta tional concepts and terms. 
Ecology 16: 281,-307. . .

TERASMA.E, J. 1958. Contributions to Canadian Palynology. Geol. Surv. 
Can., Bull. 1,6: 35 pp.

THOMSON, J.E. 1956. The Grenville Problem. The Royal Society of Can. 
Spec. Publ. No. 1. 119 pp. Univ, of Toronto Press.

THORNTHWAITE, C.W. 1931» The climates of North America according to a 
new classification. Geog. Rev. 21: 633-6#.

-------------------------  19h8. An approach towards a rational classification 
of climate. Geog. Rev. 38: pp. #-9h. ■

THORNTHWAITE, C.W., and F.K. HARE. 1955. Climatic Classification in 
Forestry. Unasylva, 9 (2), p. 51-59.

TBXEN, R. 19#. Pflanzengesellschaft und Bodenprofil Com. 8th Int. 
Bot. Congr. (Paris) (sect. 7-8).

________  I960. Can we find a common platform for the different schools 
of forest type classification? Bull. Intern. Soc. for 
Tropical Ecol. 1(2) pp. 115-116. ,

VENNOR, H.G. I878. Progress Report of Exploration and Survey made during 
the years 1875 and 1876 in the counties of Renfrew, Pontiac

•* and Ottawa, together with additional notes on the Iron Ores,
Apatite, and Plumbego deposits of Ottawa County. Geol. Surv. 
Can., Rept. of Progress, (1976-77), Pt. X. pp. 21^-320.
Map. 122.

— 1 _ 1881. General conclusions regarding the anorthosites and
limestones in Argenteuil, Terrebonne and Montcalm Counties. 
Rept. Prog. (1879-1880) p. 3-4* Geol. Surv. Can.,



1M

VEZINA, PÆ. 1962, Crown width-d.b.h. relationship for open-grown 
balsam fir and white spruce in Quebec. *or. Chron. 38 
(h): 463-h73.

VILLENEUVE, G.O. 19^6. Climatic conditions of the Province of Quebec 
and their relationship to" the forest. Que. Dept. Lands 
and Forests, Meteor. Bur. Bull. 6.

VLIEGER, J. 191*9. On phytosociological work in the Netherlands during 
the years 19hO-19h5. Végétatio 1. 192-196.

WECK, J. 1955. Forstliche zuwachs-und Ertragskunde. Radebeul und 
Berlin: Neumann, 1606.

_____ 1957 • Neuere Versuche Zum Problem der Korrelation: Klima 
and forstliches Productionspotential. Forstarchiv 28 (10) 
(223-7) 20 refs (G).

— . i960. Klima index u. forstliche s Produktionspotential.
Forstarchiv 31 (7): (101-10$)..

WHITTAKER, R.H. 1962. Classification of natural communities. Bot. 
Rev. 28 (1): 1-239. Illus. •

WILSON, A.E. 191*6a. Geology of the Ottawa-St .Lawrence lowland, Ontario 
and Quebec. Geol. Surv. Can./ Mem. 21*1, 6$ pp. Maps No.

. 1*136, l*ll|A, and 8$2A.

__________  19h6b. A buried Channel of the St .Lawrence River Am. Jour. 
Sci«: Vol. 21*1*, No. 8. P. $$7—$62, 1 pl., 2 figs, index, 
relief maps.

WIISON, MS. I9U*. Southern portion of Buckingham map-area Quebec. Geol. 
Serv. Can., Sum. Rept. 1913: pp. 196-207.

__________ _ 1915. Reconnaissance géologique du lac Kipawa’a l*ile Kani- 
kawinika par le grand lac Vic toria sur la riviere Bell, Québec 
Com. Geol. Can., Rap. sOm., 1912 p. 317-337.

________ 1918. Lé comté de Témiscamingue, province de Québec. 
. Com. Géol. Can., Mém. 103. .

___________  1921. The relationships of the Paleozoic to the pre-Cambrian 
along the southern border of the Laurentian highlands in 
southeastern Ontario and the adjacent portions of Quebec. 
Roy. Soc. Can., Proc, and Trans. 3rd sec., vol. 11*, sec. 1*, 
pp. 15-21*.

__________ _ 192%. Arnprior-Quyon and Maniwaki Areas, Ontario and Quebec. 
Geol.,Surv. Can., Mem. I36, 1$2 pp., 17 pls., 1* maps.

. 1925» The Grenville Precambrian subprovince. Jour. Geol.
Vol. 36. pp. 389-1*07.

WEAKER, M. 1951*• Aperçu des principaux groupements de végétation fores­
tière de la Slovénie; Proc. 8th Int. Bot. Gong. (Paris) 
(Sect. 7-8) p. $7-60. .


