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The conclusions recorded in this paper are drawn from a study
of the forests throughout the Province of Ontario, particularly
along the shores of Lake Ontario, Lake Simcoe, the Kawartha
Lakes, and Rideau Lakes; in Algonquin Park and in Mattagami
and Timagami Forest Reserves. Observations, with notes, have
been made during more than 6oco miles of travel by canoe and over-
land through the forest country of northern Ontario, especially
along the streams and lakes forming the headwaters of the Muskoka,
Maganatawan, Petewawa, and Madawaska rivers; also of the
Montreal, Sturgeon, Wanapitei, Vermilion, Mattagami, and Abitibi
rivers. While the greater part of the discussion has particular
reference to Ontario, the conclusions are made in the light of some
personal knowledge of the forests southward to the Gulf of Mexico
and westward to the Pacific.

The data regarding the limits of forest trees recorded in the
accompanying maps have been obtained principally from accounts
of the explorations of BELL (2), Macouw (19, 20), and Low (18).
The records of isotherms and precipitation areas have been copied
from the Geological Atlas of Canada, 1915. So far as the writer
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has been able to observe, the records of the explorers mentioned
have been even more accurate than has generally been conceded.
Although the specific limits of forest species have been rather
definitely outlined, there seems to be no agreement regarding the
part played in determining these limits by the various factors affect-
ing forest growth. In this paper an attempt has been made to
relate the limiting factors to the specific range of tolerance of forest
trees, and in this way to account for the respective distributions
of some of the species dominating the forests of Ontario.

SCHIMPER (21), as a result of his extensive studies in plant geog-
raphy, concludes that ‘“the differentiation of the earth’s vegetation
is thus controlled by 3 factors: heat, atmospheric precipitation
(including winds), soil. Heat determines the flora, climatic humid-
ity the vegetation; the soil as a rule merely picks out and blends
the materials supplied by these two climatic factors, and on its
own account adds a few details.”

Investigators have mentioned many factors which affect the
composition of forests. Drawing his conclusions from the explora-
tion of Labrador, Low (18) says ‘““the distribution of forest areas
and the range of the various trees depend upon several factors,
among which may be mentioned position as regards latitude, height
above the sea coast, and the character of the soil.” BowMAN (3)
in the light of his physiographic studies says as follows:

The distribution of forests is controlled largely by rainfall, although the
distribution of species within each region is also controlled by insolation,
temperature, wind velocity, water supply, and geographic relation to post-
glacial centers of distribution. When more detailed statements are attempted
many difficulties are encountered in the form of apparent inconsistencies.
.Some species appear to find their appropriate conditions in different latitudes
by a change in their habitat; for example, the larch, balsam fir, and white
birch which in the north grow freely on dry or hilly ground, toward the southern
limits seek the cold ground in swamps. The white cedar and white pine n
some places manifest the same tendency.

FROTHINGHAM (12) in his report on hardwood forests sums up
the situation as follows: “How moisture and temperature afiect

the different species in the complexity of forest environment 1s still
so little known that no positive information can be given.”
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Temperature factor

The northern limits of many tree species are undoubtedly the
result of low temperatures. WARMING (24) states, “It is clear that
conditions as regards heat determine the boundaries of the dis-
tribution of species on the earth.” The effect of temperature is
emphasized by the fact that “‘the appropriate temperature for the
growth of a number of species, such as Picea and Abies, is carried
far to the south of their normal latitudes along the elevated parts of
the continent, especially the Alleghanies and Rocky Mountains”
(BELL 2). In such regions the tree species are in most cases
identical with those found farther north. However, it is more diffi-
cult to account for the southern limits of trees on a basis of minimum
temperature. Bray (5) finds difficulty in explaining the occurrence
of boreal (Picea, Abies) associations in the bogs of regions domi-
nantly austral. ‘““The question arises as to whether the factor of
temperature plays a rdle in the occurrence of these bogs,” and
again, ‘the extremely irregular boundary between the boreal co-
nifer forests and the temperate hardwood forests of New Eng-

land, for example, can hardly be explained by temperature alone”
(HARPER 14).

The lines representing the limits of Picea nigra, Larix americana,
and Betula papyrifera follow yearly isotherms very closely from the
mouth of the Mackenzie River across the continent until they reach
the coast of Labrador, where they swing southward, here following
a course almost parallel with the coast line. There 1s reason to
believe that temperature is the limiting factor throughout a great
area, while a second factor is active along the Labrador coast.
From the fact that the same order in the limitation of these species
1s retained, even in the Labrador region, it would seem that the
limiting factors are similar throughout. Excessive loss of heat
energy due to the air currents so prevalent in this region has the
same effect as the loss of heat energy due to excessively low tempera-
tures. Similarly in southern Ontario, where latitude and lake
influence together result in a region of a relatively high yearly
temperature average, the limits of trees such as Juglans nigra and
Castanea dentata are parallel with isotherms. Here also the evi-
dence would indicate that temperature is the limiting factor with
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respect to such species. The general conclusion that temperature
is usually, if not universally, the determinant of northern limits
has resulted from making general statements based upon selected
and favorable instances which are specific rather than general.

There is abundant evidence that while temperature acts as a
limiting factor in many instances, it is by no means the only factor
controlling even the northern limits of tree species. This is amply
demonstrated by the data recorded on the accompanying map
(fig. 1). Many of the lines indicating the northern limits of tree
species intersect; this cannot be accounted for on a temperature
basis. Isotherms do not intersect nor do lines indicating the
length of the growing season. The northern limit of Pinus Banksi-
ana at 100° W. long. traverses a region the yearly isotherm of which
is 25° F.; at 80° W. long. the isotherm which the northern limit
traverses is 32.5° F.; at 75° W. long. it is 20° F.; and at 70° W.
long. it reaches the 32.5° F. isotherm. The isotherms correspond-
ing to the northern limits of Ulmus americana at various regions are
at 100° W. long. 27.5° F.; at 95° W. long. 32.5° F.; at 80" W. long.
30 F.; at 95° W. long. 40° F.;"and at 70° W. long. 32.5" F., a
remarkable range of variation. The looping of the lines repre-
senting the limits of such species as Picea canadensis, Populus bal-
samifera, and Populus tremuloides, as shown in the Labrador region
(northern Quebec), is significant, particularly in the case of
Picea canadensis, In contrast with the closely related Picea mariana.
The northward deviation of the limits for Betula lutea, Acer sac-
charum, Tsuga canadensis, and Quercus rubra at 80° W. long., a
point where the isotherm swings southward, cannot be explained
on a temperature basis. The anomalous tree distribution in the
Saugenay region 1s another case in point. Any idea of the pOssi-
bility of explaining the western limits on a temperature basis has
long been discarded. It is evident that in the instances men-

tioned something other than temperature must be the limiting
factor.

Water factor

Water as a factor in the determination of tree distribution has
received considerable recognition. Cowtes (8) says, ‘“‘On the whole
there has been a general tendency to overestimate the influence of
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temperature as an ecological factor. The trend of nearly all experi-
ment has been to show that water is of vastly greater importance.”
BELL (2) states, “A great difference in the moisture of the air of
two regions otherwise resembling each other in climatic conditions
has also a powerful effect upon the growth of forests; and the dry-
ness of the air in the western prairie and arid regions is, no doubt,
the chief cause of the absence of timber.”

There has been much recent research concerned with the water
relation of plants (g). The greater number of investigators have
selected the region of the great plains, a region where water is domi-
nantly the limiting factor, as their field of investigation. TRAN-
SEAU (22, 23), LivinesToN (16, 17), and FULLER (13) have shown
that the water factor may be regarded as a complex depending
primarily upon the amount of soil water available for the plant
and the rate of evaporation. The amount of available soil water is
dependent upon precipitation during the growing season and the
physical properties of the soil, while evaporation depends chiefly
upon the humidity, air currents, and temperature of the atmos-
phere. BricGs and SHANTZ (4) in their work on the wilting co-
efficient have emphasized the specificity of tolerance in plants with
respect to minimum soil water. The valuable experimental data
recorded in these papers demonstrate that water irequently acts
as a limiting factor; the converse, that there is a considerable
range for any given species wherein water does not factor in a
limiting capacity, is less frequently emphasized.

It is significant that the limits of tree species such as Picea
martana, P. canadensis, Larix americana, Populus balsamifera,
Abies canadensis, and Betula papyrifera, which extend north of the
arid plains, are not deflected southward in the Manitoba-Minne-
sota region, while almost invariably the more southern species are
deflected when they come in contact with the region of diminished
precipitation. The evidence would indicate that the water factor
limits the westward extension of such species as Acer saccharum,
Tsuga canadensis, Fagus americana, Thuja occidentalis, and Ulmus
americana.

It may be noted, also, that when this deflection takes place

the order in which the tree limits occur is changed in many instances.
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Thuja occidentalis, which extends northward far beyond Acer
saccharum, does not reach the western limits of the latter, while
Quercus rubra extends westward beyond the limits of many species
which are to be found beyond its northern limit. Such phenomena
doubtless are the result of the fact that different limiting factors
dominate the several regions forming the boundaries of distribu-
tion.

In southeastern Canada it is difficult to find any parallelism
between the limits of tree species and the boundaries of precipita-
tion areas. For instance, Juglans cinerea extends throughout areas
whose respective yearly precipitations are 30-35 in., 3540 in.,
30-35 in., 4045 in., and 45—30 in., with no apparent deflection of
the lines bounding its growth area. The limits of Fagus americana
pass through similar areas, with the addition of an area where the
minimum yearly precipitation is 25 in. This range is of par-
ticular significance in consideration of the fact that Fagus 1s gener-
ally regarded as mesophytic. The absence of a parallelism between
precipitation and forest limits in the Ontario section is so obvious
from a consideration of the accompanying map (fig. 2) that further
emphasis would be superfluous. Other conditions being favorable,
there is sufficient rainfall for forest growth; or, in other words,
precipitation does not enter here as a limiting factor.

WARMING (24) has based his ecological classification of plants
upon the premise that ‘“the most potent and decisive factor is the
amount of water in the soil.” “‘The soil upon which the coniferous
forest occurs varies widely, yet so far as reliable information Is
available it is always physically or physiologically dry.” “The
cold winter is a physiologically dry season against which trees can
protect themselves by defoliation or by xerophytic structure.”
This may account for the xerophytic structure of the coniferous
leaf; it is difficult to understand what bearing it has in connection
with the contention that conifers as a class grow in dry soil condi-
tions, the winter, even for conifers, being a period of comparative
dormancy. Deciduous trees are protected against the ‘‘physio-
logical dryness’ of winter by leaf fall; conifers by having leaves of
xerophytic structure. Some deciduous trees, for example Quercus,
are comparatively xerophytic, while others are decidedly meso-
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F1G. 2.—Similar to fig. T except that a precipitation rather than a temperature map is superimposed upon the chart of tree limits; numbers indicate precipitation
in inches.
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phytic, as Fagus and Acer. It seems possible that there might be
a similar range amongst conifers. ZonN (27) states, “Balsam fir
attains its best growth and largest size on flats the soil of which is
usually a moist, deep sand-loam.”” An abundance of available soil
water 1s not the factor which so often excludes Abies balsamea
from such soils, particularly in the more temperate regions.
During the summer of ‘1914 a series of experiments were con-
ducted in Algonquin Park to discover the relation of seedling
growth to atmospheric humidity. Atmometers of the LIVINGSTON
design were set up at a number of stations, including those where
seedlings of Acer saccharum, Abies balsamea, and Picea mariana
were abundant. The readings for the months of July, August, and
part of September proved that in this region there is no appreciable
difference in the rates of evaporation at the stations mentioned,
and that in each case the humidity was in excess of that which
FuLLEr (13) regards as characteristic of a mesophytic forest.
Moreover, Acer grows on the more exposed ridges; Abies and
Picea on the less exposed lowlands or slopes. Experiment has
shown that such conditions hold generally for the “‘lake country,”
where in many cases one-tenth of the total area is covered by water,
and the greatest distance of any point from bodies of water seldom
exceeds 2 miles. Three of the limiting factors most frequently
emphasized, temperature, atmospheric humidity, and precipitation,
are eliminated, as such, under conditions prevailing, and still there

15 a marked segregation of forest associations.

Soil factor

The problem regarding the extent to which soil cpmposition
may act as a limiting factor in the determination of forest dis-

tribution has been variously answered. FROTHINGHAM (12)
states “The soils of the northern hardwood forest are as a rule
loamy sands, the results of the decay of granite, quartzites, and
siliceous gneisses, also the water assorted loams and clays or the
unassorted morainal tills, rich in clay; but they also thrive on light
sandy soil in localities subject to moist winds.” In connection
with the forests of Michigan, BEAL and WHEELER (1) state that
“The best wheat lands are usually found on uplands near































































