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INTRODUCTION. 

The great hardwood forests of eastern North America separate 
naturally into two divisions—northern and southern—the one rela- 
tively simple, the other varied and rich in composition. What dis- 
tinguishes the northern from the southern hardwood forest is the 
presence of yellow birch, white pine, and hemlock and the absence of 
yellow poplar, red gum, sycamore, and many other southern species. 
The geographical extent of the northern hardwood forest, in fact, 
practically coincides with the range of yellow birch (fig. 1, p. 2). It 
centers about the region in which the white pine lumbering industry 
was developed. 

Early logging in the northern hardwood forests took chiefly the 
white pine, little hardwood timber being felled except in clearing for 
settlement. As time went on and demands increased, the cullings 
extended to spruce, hemlock, and even the more valuable hardwoods. 
The poorest of the species are now so valuable that stands are often 
cut clean, and even the tops, branches, and larger undergrowth 
utilized. There are many reasons why the consumption of hardwoods 
may be expected to decrease, yet the qualities of these slow-growing 
trees are so obvious and their woods are so admirably adapted to 
such a variety of uses that the problem of perpetuating at least a 
reasonable supply is one of public concern. 

637°—Bull. 285-15 —1 
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It is the aim of this bulletin to outline the extent, general charac- 
teristics, and economic importance of the northern hardwood forest; 
to describe briefly the silvicultural features of the principalspecies; and 
to point out the methods of managing hardwood stands which appear 
best calculated to furnish a continuous supply of these useful woods. 
There are also given, in the Appendix, a series of volume tables for 
northern hardwoods for use in estimating the quantity of standing 
timber. 
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| SOUTH DAKO 
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2YELLOW BIRCH 
3.BEECH 

4.BASSWOOD 
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Fig. 1.—Distribution of the northern hardwoods. (The heavy shading represents the region in which 

the northern hardwoods characterize large areas of forest. The light shading indicates the region of 

transition from the typical northern to the southern hardwood forest. The numbered lines are the 

ranges of the species named in the legend. The broken lines are the range limits of two southern 

hardwoods whose presence largely determines the southward extension of the northern forest. Pre- 

pared by Wm. H. Lamb.) 

THE NORTHERN HARDWOOD FOREST. 

The hardwood forest which is considered in this bulletin occupies 
the fresh, well-drained, fertile soils of the northern pine region. Its 
more characteristic hardwoods are sugar maple! and yellow birch. 

1 The closely related black maple is not distinguished from sugar maple in this bulletin. Both are 

commonly referred to as ‘‘hard”’ or ‘“‘rock”’ maple. 
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The term ‘‘northern hardwoods” will be used for all stands in this 

region in which one (or more) of the characteristic species listed on 

page 7 predominates; for though the type possesses a general uni- 
formity of composition sufficient to distinguish it from other impor- 
tant northern forest types, it varies greatly in different regions. 

There are two hardwood forest types that are not considered in 
the bulletin, although the species which belong to them are often 
found scattered through the northern hardwood forests. These are 
the type of the dry sandy plains, in which the chief hardwoods are 
oaks of various kinds, mixed with hickories and in the east with 
chestnut, and the type of the swampy places, in which the charac- 
teristic hardwoods are black ash, red and silver maples, willows, and 
alders. The swamp type is not of great extent or importance, and 
the other type is so much more characteristic of the South that it 
might be considered only a northern extension of a southern type. 

GEOGRAPHICAL EXTENT. 

The northern hardwood forest (fig. 1) is found in greater or less 
abundance within the drainage systems of the St. Lawrence, the 
Great Lakes, and the upper Mississippi, as far south as southern 
Minnesota; throughout northern New England, and southward along 

_the northern and southern Appalachian Mountain ranges to extreme 
northern Georgia. In the North it merges into the spruce and fir and 
the aspen and birch forests of Canada. Along its southern and lower 
altitudinal borders it shades into the great ‘‘central hardwoods” 
forest of the Ohio and Mississippi Valleys. In the West it gradually 
gives place to the prairie of the Great Plains region. On the uplands 
the ‘‘oak openings”’ supplant it in large measure, until these, too, give 
way to the prairie. Just how large an area is occupied by northern 
hardwoods is difficult to estimate. It probably amounts to over 
50,000,000 acres, nearly half of which is in the Lake States. The 
decrease in the total forest area of the Lake States and the north- 
east—once practically equal to the entire land area—to 60 per cent 
in New England, 43 per cent in Michigan and Wisconsin, and 35 per 
cent in New York and Pennsylvania, has undoubtedly been greatest 
in the softwood forest. : 

TOPOGRAPHY AND CLIMATE. 

Topographically the northern hardwood region separates into two 
very distinct parts—the eastern mountain ranges and the rolling, 
glaciated land about the Great Lakes. 

The eastern mountain ranges extend from southern Canada south- 
west to northern Alabama and Georgia. The climatic conditions 
suitable for the best growth of the northern hardwoods prevail at 
minimum elevations of from 500 feet in northern New England to 
1,000 feet in southern New England and the Adirondacks and 3,500 

1 Forest Service Circular 166, “Timber Supply of the United States,” by R. 8S. Kellogg. 
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feet in the southern ranges. Above these altitudes the hardwoods 
give place in large measure to spruce and fir. On northerly slopes 

the climate suitable for northern hardwoods is often at several — 
hundred feet lower altitude than on southerly exposures. 

The soils in the northern hardwood zone are, as a rule, loamy 
sands, the result of the decay of granite, quartzites, and siliceous 

-gneisses. In the eastern mountains they are partly glacial and 
partly residual in origi, thin, and of low agricultural value. In 
the Lake States and through much of the northeast they were depos- 
ited by the glaciers in moraines and glacial hills or laid down in beds 
of varying thickness by glacial streams. Here the hardwoods occupy, 
for the most part, the water-assorted loams and clays or the unas- 
sorted morainal tills, rich in clay, but also thrive on light, sandy 
soils in localities subject to prevailing moist winds, as in western 
lower Michigan. In the Appalachians, south of the limit. to which 
the glaciers extended, the soils result entirely from the decomposi- 
tion of the native rocks. Where schists prevail, fertile loams are the 
products of decomposition, and these may reach some depth in the 
coves and broader valleys. 

The climatic factors which determine the distribution of forests 
are moisture and temperature. These differ in relative importance 
according to the nature of the region. In temperate semiarid regions 

_the determiming factor is moisture; in temperate humid regions it is 
temperature. The northern forest region is distinctly humid, and 
the composition of the forests is therefore influenced chiefly by tem- 
perature. Its western limits, however, are fixed chiefly by moisture 
factors. 

The growing season is approximately five months, from May to 
September, inclusive.t The duration of the season varies within 
the region, and is shortest in the north and at high altitudes. This 
factor has undoubtedly a large influence upon the composition of 
the northern hardwood forests, which is not so much a matter of 
the sensitiveness of the species to extremes of temperature as it is 
of optimum temperature. 
How moisture and temperature affect the different species in the 

complexity of the forest environment is still so little known that no 
positive information can be given. The best that can be done is to 
compare the available climatic data from observation stations within 
the northern forest region with corresponding data from stations 
just outside. Table 1 accordingly gives the average monthly tem- 
perature and precipitation during the growing season for adjacent 
parts of the northern and southern hardwood regions. Similar 
data for April and October are also given, together with the annual 
precipitation and depth of snow. 

1 Raphael Zon, “ Meteorological Observations for Purposes of Botanical Geography, Agriculture, and - 
Forestry,’ Dept. of Agriculture Monthly Weather Review, vol. 42, No. 4, April, 1914; map shows division 

of the U nited States on basis of periods of vegetative growth and rest. 
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THE NORTHERN HARDWOOD FOREST. 

TasBLe 1.—Temperature and precipitation ! within the northern hardwoods and the north- 
ern edge of the southern hardwood regions. 
Bureau Bulletin Q (1906); observations extending over period of from 5 to 50 years. 

Based on data from United States Weather 

Average monthly temperature. | Average 
| tempera- 

Geperaniieal Givision and forest | Growing season. | ee sor 

2 | Apr. j Oct. | growing 

| May. | June. | July. | Aug. | Sept. | Season. 

New England and the Adirondacks:, ° F. aw Ie the i Te OR. Seite | ° FF} eR: 
Northern hardwood............ Al 54 62 66 64 57 46 | 61 
Southern hardwood............ 44 56 65 70 67 60 48 64 

Alieghenies and Southern Appala- | 
chians: | | 
Northern hardwood............ 46 59 66 69 67 62 50 65 
Southern hardwood............ 50 62 68 72 71 64 54 67 

Lake States: } 
Northern hardwood............ 41 53 63 68 64 57 45 | 61 
Southern hardwood............ 47 38 67 72 70 62 50 66 

General average: 
Northern hardwood............ A2 54 63 67 65 58 | 46 61 
Southern hardwood.....-- ieee 47 59 67 71 | 69 62 | 51 66 

Average precipitation. : pea: Aver- 

Geographical division and forest = Barr 
region. Growing season. | Grow- Ae naa 

Apr. Oct.| ing Wat fall 
May. |June. | July.| Aug. | Sept. | season ; 

New England and the Adiron- | 
dacks: In. | In. | In. | In. |} In. | In. | In. | Inches. | Inches. | Inches.* 
Northern hariwood........... DA Sea lenosgo e442.) 4.0 Bo 43:3 19.4 42. 96.1 
Southern hardwood..........- 7g) Val be eseco | MES total | eat od Ba aS tote | eas GT Pea eae 18.7 44.8 78.1 

Alleghenies and Southern Appa- 
lachians: 

Northern hardwood........... te 4 Oo) ion G ten Ae 9 4.7L 3263) 328 22.9 49.2 58.5 
Southern hardwood..........-. Sie | OK On) eanOepee4eh ts G9 costo] 20 19.8 41.8 32. 4 

Lake States: 
Northern hardwood.........-. PS le 3.5. | Saheb aes} 326°) 3.4 | 321 18.1 31.1 64.0 
Southern hardwood........... a AN BO! ER Ty | OEY yd RES NS | BN bee 16.6 29.9 40.1 

General average: ; 
Northern hardwood........... ole || SEE: | FR BOA fay Z| RS ees 19.0 38. 4 7 (as 
Southern hardwood........... 2.9| 3.6] 4.1] 4.2] 3.4 | 3.2] 2.8] 18.5] 39.2 48.4 

i Monthly averages for the growing season—May to September, inclusive—and for April and October, 
with average annual precipitation and snowfall. 

The stations and altitudes at which the observations were taken 

are as follows: 

Northern hardwoods: 

New England— Feet. 
Mayfield, Me.......2.... ~ 1, 000 

Bethlehem, N. H......... 1,470 

Soho? THES) <3 ot Deel aoe See ae 950 

DW tee et 1, 000 

Jacksonville, Vt........-. 1, 000 

Saranac Lake, N. Y...... 1, 620 

Number Four, N. Y...--..- 1, 571 

Alleghenies and Southern Ap- 
palachians— 

Betting Po 2 oS ee. 1, 400 
State College, Pa........- 1,191 

i Ae 3, 207 

Phase ON] Cs 2 ook 3, 800 

Lake States— 

Calumet, Mich............ 1, 246 
Wecanaba,Mich.....is2.. 594 

Gerling, Mich. ~..2.2-~—. if; 
Ivan, Mich. 

Northern hardwoods—Continued. 

Lake States—Continued. 

Koepenick, Wis.---..2..- 
Mediord, Wis 

Grantsburg, Wis 
Mount Iron, Minn.......- 

» Sandy Lake Dam, Minn.. 

Park Rapids, Minn 

Southern hardwoods: 

Lewiston, Me ee 

ere ee eee eee eee 

Hot oes eeea Min. SCRE VG iat 

Asheville, N. C 

Lansing, Mich 

Madison, Wis 

St. Paul, Minn 

see eee ee eee eee 

2 ms 

~J 

“IO OME co Ho Ov—7 CO Or DO LO Or CH ORR OF Oo W©O 
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COMPOSITION. 

THE FOREST AS A WHOLE. 

The species commonly found in the northern hardwood forest are 
separated in Table 2 according to their abundance and distribution; 
only approximately, however, because there are many subordinate 
variations which can not be shown. The list does not include several 
dwarf maples, thorn apples, mountain ash, etc., which are of little 
or no economic importance. 

TaBLE 2.—Hardwoods and conifers grouped according to their prevalence in the northern 
hardwood forests. 

Characteristic. Locally characteristic. | Occasional. 

INortheasternSitatese s+) sctee eee eee eee Yellow birch. Paper birch. Black ash. 
Sugar maple. Aspen. Slippery elm. 
Beech. Large tooth aspen. Gray birch. 
Red maple. Fire cherry. Black cherry. 
Ironwood. Black birch. Balm of Gilead. 
Hemlock. Basswood. Norway pine. 
White pine. White elm. Black spruce. 
Red spruce. White ash. Tamarack. 
Balsam fir. Silver maple. Arborvite. 

Red oak. 
White spruce. 

ME DKONS CALCSe asians cress inre ale biaatejelele seems ens Sugar maple. Paper birch. Black ash. 
Yellow birch. Aspen. Slippery elm. 
Basswood. Large tooth aspen. Balm of Gilead. 
White elm. Fire cherry. Black cherry. 
Beech.? Cork elm. Black birch. 
Ironwood. White ash. Silver maple. 
Hemlock. Red maple. White spruce. 
White pine. Red oak. Black spruce. 

Balsam fir. 
Tamarack. 
Arborvite. 
Norway pine. 
Jack pine. 

1 Tn the transition zone between the northern and southern hardwood forest—especially in Pennsylvania 
and the southern Appalachians—yellow poplar, magnolia, sycamore, black and red gums, and other 
Sencar doces not shown in the above list often appear in some abundance among the northern 

2 Beech is not found in Minnesota and only in extreme eastern Wisconsin. 

Under the heading ‘‘Occasional” are included a number of species 
which are characteristic either of swamp or of dry-soil types, but 
are often found among the northern hardwoods as strays. Besides 
these there are a number of oaks, hickories, walnuts, pines, and birches 
which occasionally intrude, but being characteristic of other site 
conditions, can not be considered regular members of the northern 
hardwood forest. The great bulk of the forest consists of the species 
listed as “characteristic.’? The proportions of the species, as will 
be brought out more fully, vary greatly in different parts of the region. 
The ‘locally characteristic” species are found here and there, some 
rare or of small value, others abundant locally and of considerable 
importance. Some of these species, especially paper birch and the 
aspens, form distinct but transitory types on burned-over lands 
(Pl. VIII), but occur only as widely scattered individuals in old 
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growth stands. They are light-foliaged trees, intolerant of shade, 
which shelter beneath their crowns the reproduction of maple, 
beech, hemlock, and other shade-tolerant and heavy-foliaged species. 
One generation of the intolerant trees is all that is possible under 
these conditions, for their seedlings can not live in the dense shade of 
the other undergrowth already started. Survivors of the original 
temporary stands, however, are often found in the hardwood forest, 
as well as isolated individuals which have sprung up among old 
timber where there are accidental openings in the crown cover. 
Most of the conifers, notably white pine and red spruce, also grow 
in well-marked types of their own, often in pure stands. Basswood 
and elm, on the other hand, rarely grow otherwise than as scattered 
individuals, except in Michigan and Wisconsin, where they some- 
times form fully a third of the total stand. 

About 15 species of hardwoods are common to the northern and 
southern forests, and 8 (birches, aspens, fire cherry, and black ash) 
are found only in the northern. Grouped according to geographical 
range, north and south, the trees of the northern hardwood forest, 
excluding a few of the less important, are as follows: 

Range northern. Range northern and southern. 

Hardwoods: Hardwoods: 
Yellow birch. Sugar (and black) maple. 
Paper birch. Red maple. 

Gray birch. Silver maple. 
Aspen. Black birch. 
Large tooth aspen. Beech. 
Balm of Gilead. Basswood. 
Black ash. White elm. 
Fire cherry. Slippery elm. 

Conifers: Cork elm: 
Red spruce. Tronwood. 

White spruce. White ash, 
Black spruce. Black cherry. 
Balsam fir. Red oak. 
Hemlock. 

White pine. 
Norway pine. 
Jack pine. 
Tamarack. 

Arborvite. 

The northern forest with about 21 hardwoods is much simpler in 
composition than the southern, which contains fully 95 of local or 
general commercial value. It has been still further simplified by 
selective lumbering. Not only the white pine, spruce, and hemlock, 
but in many places the better hardwoods also, have been heavily 
cut, thus increasing the proportion of the less valuable kinds in the 
culled forests. : 
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REGIONAL VARIATION Ss. 

The eastern walt of the northern hardwood fone is Shicactenaa 
by the abundance and importance of red spruce and balsam fir. 
Theo extend south from Canada along the mountains of New - 
England, the Adirondacks, and the southern Appalachians, at 
increasing elevations. The relatively pure spruce and fir forests 
occupy higher altitudes than the hardwood forest, but the two are 
freely intermixed through a broad but not definitely marked altitudinal 
zone. ‘Though red spruce is the most common spruce associate of 
the hardwoods, white spruce is sometimes the more abundant 
locally. The spruce is largely replaced in the Alleghenies by hemlock; 
and here cucumber (Magnolia acuminata Linn.) and yellow popiar, 
prominent members of the southern hardwood forest, appear in 
small quantities among the northern hardwoods. 

Like the spruce type, the transitory burned-land type of aspen and 
paper birch is more abundant and of greater perfection in northern 
New England than in the Lake States. Farther south it becomes 
less important; paper birch drops out in northern Pennsylvania, and 
the type loses its identity. more and more through the inclusion of 
other species. 

Of the characteristic northern hardwoods, sugar maple is probably 
the most abundant in the northeastern States at large. Yellow birch, 
however, is the most abundant in northern New England. It grows 
in forests of widely different composition, and shares to some extent 
the habits of paper birch, appearing on burns in small, pure, even- 
aged stands (PI. X, fig. 1, and Pl. VII, fig. 2) or in mixed stands with 
paper birch and aspen, to which it adds an element of permanence. 
Spruce, maple, and beech, which thrive in the light shade cast by 
such stands, outlive the paper birch and aspen, and will eventually 
gain the ascendancy. In the old-growth forests, therefore, yellow 
birch is found in a great variety of mixtures with spruce, fir, beech, 
sugar and red maples, white pine, and hemlock, with scattered indi- 

_ viduals or groups of other species, notably paper birch and aspen. 
The old-growth hardwoods in this region are usually very defective, 
the beech especially. The red maple is usually abundant only as a 
subordinate growth of little value. 

Ash occurs sparsely in New England at low to moderate elevations. 
Black birch and black cherry become locally abundant m the moun- 
tains of southern Vermont and New Hampshire, the Adirondacks, 

Catskills, and farther south. The northern hardwood forest con- 

tinues south at gradually increasing altitudes along the southern 
Appalachian Mountains, becoming more and more restricted to 
northerly slopes and cool valleys. This region properly belongs to 
the transition zone between the northern and southern hardwood 
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Fic. 3.—SUGAR MAPLE. 

ee can <5) 

Fic. 2.—WHITE ELM. 

TREE FORMS OF NORTHERN HARDWOODS IN THE FOREST. 
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regions. In the higher mountains spruce covers the peaks and 
ridges, especially on northerly slopes, and associates freely with the 
northern hardwoods along the lower edges of the spruce belt. White 
pine and hemlock also continue south along the Appalachians, and 
by mixing with the hardwoods help to maintain the characteristic 
structure of the northern forest. 

Extensive pure stands of beech are found on ridges in southern 
North Carolina and farther north along the Blue Ridge. The com- 
mercial importance of the northern hardwoods is minimized, how- 
ever, by the abundance of valuable southern timber trees like white 
oak and yellow poplar. 
Elm and basswood as forest trees are more abundant in southern 

New England than in Maine and northern New Hampshire. These 
species appear at low altitudes and increase in quantity toward the 
west and south, their scarcity throughout the east being in marked 
contrast to the abundance in which they are found in the west. The 
great abundance of basswood and elm is perhaps the most striking 
characteristic of the northern hardwood forest in the Lake States. 
According ‘to estimates compiled by the Bureau of Corporations,’ 
basswood forms 12 per cent and elm 9 per cent of all the hardwoods 
in these States. Maple leads in amount with 35 per cent, birch com- 
prises 24 per cent, beech 4 per cent, and ash 2 per cent of the total 
hardwood stand. Together these six species make up more than a 
third of the total stand, hardwoods and softwoods, in the Lake States. 
Table 3, arranged from a similar table in the Bureau of Corporations 
report, illustrates the relative importance of the northern hardwoods, 
individually and collectively, in the Lake States forests during 1910 
(the year in which the data were gathered). The estimates do not in- 

clude publicly owned timber, which, however, does not amount to a 
large proportion of the merchantable stand. 

Nl 
Species. Total. | Michigan. Wisconsin. | Minnesota. 

: | 

Board feet. Board feet. Board feet. Board feet. 
Total. . ob5s dnc ance cr sesceassosawene 100, 000, 000, 000 | 47, 600,000,000 | 29, 200,000,000 | 23,200, 000, 000 

COMTERS Rs ei Soe Ais ee 58, 100, 000, 000 | 22, 200, 000, 000 17, 100, 000, 000 18, 800, 000, 000 

(ERAT WHOGS 5 $8552 55s Seno 41, 900, 000,000 | 25, 400,000,000 | 12, 100, 000, 000 4,400, 000, 000 
Minpiosese een ett eat 14, 500,000,000 | 12/200, 000,000 | 2;360,000,000 |.........-.----- 
BIRCH ak FP oh 10, 100,000,000 | 5,100, 000, 000 4, 300, 000, 000 700, 000, 000 
BasswOOtee. ff. 2e eo te 5, 100,000,000 | 2,200,000,000 |; 2,500, C00, 000 400, 000, 000 
[Est PAS 22 See pipe ey 3,700, 000,000 | 2,100,000,000 | 1,500,000, 000 100, 000, 000 
ES OOU Here ae ee ees 1, 600, 000, 000 1 G00SO0OX000 8 eases scene ae S| cece ae tise 
IOS NTs 1 REE eteeee oe ee 1, 000, 000, 000 600, 000, 000 300, 000, 000 100, 000, 000 
Popiat (and balm of gilead).. ZEOCOSOCOs O00 | eee eee ee oe re 2, 000, 000, 000 
Taye EO eae Caner 700, 000, 000 200,000,000 | 300, 000, 000 200, 000, 000 
SE cong pr enc ekee: SF 3, 200,000,000 | 1,400,000, 000 900, 000, 090 900, 000, 000 

1 Report on the lumber industry, Pt. I, Standing timber. 

2 From Bureau of Corporations, Report on the lumber industr ee siandine timber, 1913, p. 78. 
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Table 3 shows that in the Lake States, as in the East, yellow 
birch and sugar maple are the most abundant generally, the chief 
characteristics that distinguish this part of the northern hardwood 
forest from the northeastern part being the abundance and importance. 
of basswood, elm, hemlock, and white pine, and the absence of red 
spruce. Here also, however, some spruce extends down from 
Canada, in this case white spruce being the more important, espe- 
cially in Minnesota, and black spruce occurring seldom except in 
the swamps or ‘‘muskegs.’’ 

In Michigan the stand of sugar maple alone exceeds that of all 
the other northern hardwoods combined, and amounts to more 
than a quarter of the total hardwood and softwood stand. The 
maple in Michigan is of better quality than in many parts of New 
England, but in Wisconsin much of the maple is very defective 
(Pil. IL). Maple is not abundant in Minnesota, and is as yet of 
small commercial value; in fact, the hardwoods as a whole are of 

relatively small importance in this State. Beech is found in Wis- 
consin only for a short distance inland from Lake Michigan. Yellow 
birch is especially abundant and important in Wisconsin, and in 
Minnesota it is the most abundant of the characteristic northern 
hardwoods. Black birch is found, but much less abundantly than 
in southern New England. There is more basswood than elm in 
Michigan; in Wisconsin they are nearly equal in quantity. ‘‘ Poplar” 
(aspens) occupies considerable area in all three States, but by far 

the largest amount is found in Minnesota. In Michigan and Wis- 
consin the stands are for the most part too young to be of any com- 
mercial value. 

FOREST RELATIONSHIPS AND THEIR EFFECT ON COMPOSITION. 

There are two sets of factors which influence the success of trees 
in the natural forest, and which must be regarded in silviculture: 
Physical, including soil and climate, and physiological, including 
aggressiveness in reproduction, tolerance of shade, rate of growth, 
form, size, longevity, and resistance to injury and disease. To 
some extent these factors are interactive, and a deficiency in one 
or several may be offset by a marked superiority in some other. 
For instance, rapid growth may compensate for intolerance of shade, 
air moisture for soil poverty, abundance of seed for low fertility, 
and longevity and resistance to injury for intolerance and ineffective 
reproduction. It is therefore profitable to consider the factors more 
or less in combination. Those of tolerance and reproduction are 
generally the most important in determining the local distribution 
and abundance of the species. 

Tolerance and reproduction.—Table 4 lists the important species 
in the northern hardwood forest in the approximate order of their 
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shade tolerance, beginning with the least tolerant, and gives the 
characteristics of each which influence its reproduction inside and 
outside of the forest. 

These characteristics are subject to variation. Tolerance, for 
example, is greater in seedlings than in old trees, in the south than 
in the north, and in fertile than in dry situations. The frequency 
of seed years and the fertility of the seed produced depend to a 
large extent on climatic factors, and the amount is influenced by 
these and by the light supply; even the annual seed bearers do not 
produce the same amount each year. The extent of seed distribu- 
tion depends on the height and exposure of the crown, the buoyancy 
of the seed, and the strength and steadiness of the winds at seed 
time. Growth of both seedlings and sprouts is influenced by the 
length of the growing season, the fertility of the soil, and the humidity 
of the air. All of these variations, by affecting the aggressiveness 
of particular species in competition with others, modify the compo- 
sition of the stand. The variations caused by physical factors (soil, 
precipitation, temperature, etc.), though they do have an influence 
during the youth of the stand, are active especially in determining 
the character of the old-growth forest, and are chiefly responsible 
for differences in its composition at different latitudes, longitudes, 
altitudes, and exposures. Those caused by physiological factors 
are especially active in the establishment and subsequent history of 
temporary stands. 

The temporary stands formed by species aggressive outside the 
forest give way, after they have developed, to species which are 

- ageressive inside the forest. A convenient classification might be 
based upon this difference in aggressiveness, the trees being called, 
respectively, extensive or intensive reproducers, according to whether 
they are more aggressive outside or inside the forest. The separation 
of the species mto these classes would then be made on the basis 
of the last two columns of Table 4. Extensive reproducers are 
intolerant of shade, and are generally small, rapid-growing, short- 
lived, and light-foliaged, and have a tendency to form even-aged 
stands (Pl. VI). Intensive reproducers are tolerant in tendency, 
of slow growth and long life, and form uneven-aged stands with 
dense crown cover (PI. V). To be sure, these characteristics exist 

among the different species in all degrees between the extremes, 
so that a hard and fast lme can not be drawn between the extensive 
and intensive reproducers. Some species even are extensive under 
certain conditions and mtenstve under others. Nevertheless the 

divergent tendencies are perfectly evident and a scale can be drawn 
the extremes of which are almost exclusively extensive and intensive. 
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PLATE V. Bul. 285, U. S. Dept. of Agriculture. 

“INTENSIVE”? ALL-AGED REPRODUCTION IN A VIRGIN FOREST OF SUGAR MAPLE, BEECH, 

ROSCOMMON COUNTY, MICH. BASSWOOD, AND HEMLOCK. 
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‘ 

‘EXTENSIVE’? EVEN-AGED REPRODUCTION OF ASPEN AND FIRE CHERRY ON CUT AND 

BURNED OVER WHITE-PINE LAND IN WISCONSIN. 
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For the species in Table 4 such a scale is approximately as follows: 

Most extensive: Most extensive—Continued. 

1. Aspens. 10. White elm. 

2. Gray birch. 11. Red spruce. 
3. Paper birch. 12. Basswood. 

4, Fire cherry. 13. Sugar maple. 

5. Black cherry. 14. Red maple. 
6. White pine. 15. Ironwood. 
7. Yellow birch. 16. Hemlock. 
8. Black birch. Most intensive: 

9. White ash. 17. Beech. 

Red spruce and yellow birch are examples oi species which though 
in most respects intensive, are also extensive, under favorable con- 
ditions. Both often reproduce in even-aged second-growth stands 
on clearings, while the spruce, and to a less extent the birch, are 
able to start seedlings within the forest. 

The extensive species are obvioulsy well adpated for quickly 
reclaiming burned or otherwise cleared land, and not for competition 
with intensive species. (Pl. VI.) Aspen and paper birch are rapidly 
displaced by maple, beech, or hemlock, or, in fact, any others of the 
“characteristic” species of the northern forest whose reproduction 
may happen to start beneath them. 

The intensive reproducers hold their ground when cnce they have 
gained it; but they differ among themselves in aggressiveness and 
persistance. Sugar maple is the most generally aggressive repro- 
ducer throughout the characteristic beech-birch-maple type. 
This is undoubtedly due to its combined tolerance and seeding 
qualities. Beech, which is probably more tolerant, does not bear 
large seed crops annually, and much of the seed produced is destroyed 
by animals. Yellow birch, which does bear each year, is less tolerant 
than maple. Its light-winged seed are so widely dispersed, however, 
that many fall where the crown shade is light enough to permit the 
development of seedlings. These are adaptable to a great variety 
of seed-bed conditions, from sandy soils burned free of humus to 
duff-covered clay loams, and even moss-covered bowlders, decayed 

stumps, and logs. Yellow birch thus accomplishes through its 
reproductive aggressiveness often more than beech can accomplish 
through its extreme shade endurance. White elm and basswood 
both require much heht for growth and especially for seed production. 
The elm seeds, with their surrounding wings, are light, thin disks, 
fitted to be distributed quite widely by the wind; the tree bears 
annually and abundantly. Basswood seeds are produced in less 
abundance, and at first glance seem poorly adapted for wind dis- 
persal. They are suspended in clusters of as many as six large 
spherical fruits beneath a single bract, apparently insufficient im 
size for a long flight; but when the seed clusters fall the bract becomes 



——————————————————— — — - SS ae —_ 2 se 7 a 

14 BULLETIN 285, U. S. DEPARTMENT OF AGRICULTURE. 

an efficient helicopter, which, in a light breeze, may bear its load of 
seed a hundred yards or more. The seedlings of basswood and elm 
are able to endure moderate shade for 5 or 6 years, but seedlings of 
greater age are rare in the virgin forest except where the crown 
cover is broken. 

Forest-grown beech, birch, and maple seedlings which receive but 
little light develop into extremely slender, whip-like saplings, able 
to stand erect only through the protection of surrounding trees. If | 
very gradually exposed by frequent, light thinnings these may 
eventually reach dominant positions; but in silviculture it is prob- 
ably best in most cases to sacrifice these and secure fresh reproduc- 
tion under greater light. (Pl. VII, fig. 1, and Pl. XIV, fig. 1.) 

Within the ranges of red spruce, fir, and hemlock, the culling of 
these species from the mixed hardwood and softwood stand reduces 
the seed supply and thereby the proportion of softwoods in the 
young growth. Although extremely tolerant, hemlock and spruce 
seedlings are dwarfed, if not killed, by the heavy shade from an 
unbroken cover of maple and beech crowns, and can succeed only 
where the shade is lighter, as may be the case under yellow birch 
crowns. (PI. VIII.) This is also true of more or less clear cuttings in 
these woods, for the softwood seedlings are handicapped by their very 
slow growth in competition with hardwood sprouts and seedlings 
and with shade-producing underbrush. In spite of this, the soft- 
wood reproduction will usually find enough light here and there to 
persist and in the course of time reappear in the crown cover. In 
the mountains, the hardwoods and hemlocks are favored by the 
relatively warm climate and deep, fertile soils of moderate altitude; 
at higher altitudes the stands are less dense and reproduction less 
ageressive, so that spruce and fir assume predominance without 
much difficulty. 

Size, rate of growth, and longewity.—The “intensive reproducers”’ 
are, as a rule, larger and longer-lived than the “extensive,” and 
the less tolerant of them owe their presence among shade enduring 
species in virgin stands largely to these two attributes. They must 
have started before or at the same time as their tolerant neighbors, 
and kept a dominant position by faster growth and larger size; or 
have taken advantage of accidents to trees in the stand and sprung 
up under the increased light thus admitted. Long-lived trees 
naturally have more chances to establish reproduction under such 
conditions than short-lived. White pine, white elm, white ash, and 
basswood owe their presence among heavy-foliaged species largely 
to these qualities. In the virgin forest they are almost always taller 
than the surrounding hardwoods, and this affords them plenty -of 
light for seed bearmg. The elm is especially favored by its wide- 
spreading crown. (PI. III, fig. 2.) Yellow birch, though of less 
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height, secures crown space and light through the aggressive spread 
of its slender, flexible twigs and small branches. (PI1.IV, figs. 2 and 3.) 

Resistance to various kinds of injury contributes to length of life, 
and since it varies more or less with climate and soil, it is doubtless 
at least partly responsible for some regional variations in the compo- 
sition of the forest. Thus, sugar maple in northern Wisconsin is 
apt to be inferior to yellow birch in soundness, and is not so abundant. 
(Pl. Il.) Unsoundness does not always influence the forest composi- 
tion, however. Basswood is extremely unsound, even in the region 
of its greatest abundance. Its soft wood falls an easy prey to 
wood-destroying fungi and insects which eat out the hearts of the 
trees, so that nearly all large basswoods in the old-growth forests 
are hollow. In spite of this the trees attain great age and size. The 
reproductive power of large basswoods is apt to be considerably 
reduced by the breakage of branches in the top, due to snow and 
wind. 

Climate and soiul..—Climate has an undoubted selective influence 
on the composition of these forests, but its precise effect can not easily 
be disassociated from the other elements determining the composi- 
tion. In general, however, it appears to restrict the growth of yel- 
low and paper birch and the aspens to the cold, humid air and soil 
of the north and of fairly high altitudes; the paper birch and aspen 
extend beyond the Arctic Circle. The wide north and south ranges 
of most of the hardwoods show that they are less influenced by 
climate. Some, however, are influenced more than others; for ex- 
ample, in the mountain regions white elm, ash, and basswood are 
practically confined to warm, lower slopes and sheltered valleys, but 
beech and sugar maple grow at altitudes as high as those reached by 
yellow birch. ‘The white elm, ash, and basswood are at their best in 
the continental climate of the Lake States and southeastern Canada, 
where they hold their own against the more tolerant beech, maple, 
and yellow birch. Black birch, though essentially a northern hard- 
wood, is scarce in New England, and its range indicates less hardi- 
ness than that of yellow birch. Beech apparently endures greater 
air dryness than the other northern hardwoods. South of the north- 
ern hardwood region it is often a prominent associate of white oak 
and hickory in relatively dry situations. _ 

As compared with the pines and the hardwoods of the oak- 
hickory-chestnut types, the northern hardwoods are exacting in their 
soil requirements. In common with most tree growth they are best 

_ suited by deep, fresh, well-drained, fertile loams, mixed with sand or 
_ with clay, and kept porous and moist by abundant, well-decomposed 
humus. It is probable that mycorrhiza and nitrifying soil bacteria 

1 The general climatic conditions within which the northern hardwoods forests grow have been outlined 

on pp. 3 and 4. 



——— Se ea ee ee Ti >” SS ars SS Pe eee ee ee ee ey eg ge ee 
“ > - - ° Se een ea OS 

: : . = tae 

= r : 3 on A, # 

SEG BULLETIN 285, U. S. DEPARTMENT OF AGRICULTURE. -y 
e* 
bd 

are an important element of fertility in these soils. The northern ~ 
hardwoods are not confined to rich soils, however. They often | 
thrive on dry or on very shallow soils, but in each case there must 
be some compensating factor. A shallow soil must be moist, for — 
example, and a dry one deep. In the lower peninsula of Michigan 
maple, beech, elm, and basswood grow well near the shore of Lake 
Michigan on deep, dry, fine sand of low agricultural value, while in 
the eastern part of the State, adjacent to Lake Huron, they are 
largely replaced on sandy soils by pines or by dry-land hardwoods, 
principally oaks. The compensating factor here is probably air 
humidity due to the prevalence of moist winds from Lake Michigan. 
Under these conditions the growth is more rapid than on heavier, 
more fertile soil, no farther north, in Wisconsin. Beech is the least 

y exacting species with reference to soil moisture and quality. In 
Ohio ! it grows well in limestone soils in mixture with white oak, red 
oak, hickory, and white ash, and also on well-drained sandy clay 
moraines with white oak and hickory. It is rather sensitive to 
changes in the ground-water level through draining, however, as well 
as by the opening up of the forest crown cover. White elm, bass- 
wood, sugar maple, and ash, though apparently less sensitive to such 
changes, are somewhat more exacting, and in dry climates require a 
larger amount of soil moisture for their best growth. 

The species differ in the ability of their root systems to adapt them- 
selves to souls of different depths and moisture content, but as yet 
little is known of their capacities in this respect. The soil conditions 
in which they are found indicate that probably the root systems of 
sugar maple and yellow birch are the least and those of beech, bass- 
wood, and elm the best adapted to draw moisture from a deep but 
only slightly moist sou. Where the soil and air humidity are ample, 
the tendency of all the species is in the direction of shallow-rootedness, 
and vice versa. 

FORM. 

Tables 50 to 53 (Appendix) show the taper of trees of different 
species and size, and Tables 5 and 6 give the comparative lengths 
and breadths of crown of beech, sugar maple, yellow birch, and bass- 
wood trees. These figures are average measurements of the crowns 
of forest trees felled to obtain the growth measurements given mm 
Tables 7 to 9, together with the measurements of the sample trees 
from the second-growth plots described on pages 21 to 27. No regu- 
Jar variation between crown classes was distinguishable, but prac- 
tically all the trees measured belonged to the upper crown classes. 
Both the length and the breadth of the crowns are greatest in the 
most tolerant and smallest in the least tolerant species, though this — 

1 Q. E. Baker, in “The forest problem in arich agricultural county of Ohio,” Forestry Quarterly, vol. 1, 

No. 2, pp. 138-150 (1908). 
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RED SPRUCE REPRODUCTION FILLING AN OPENING IN A SECOND-GROWTH STAND OF 

SUGAR MAPLE AND YELLOW BIRCH NEW HAMPSHIRE. 
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generalization can not be applied to all species. White elm, for 
example, may have a wider crown than beech, which is much more 
tolerant. | 

TABLE 5.—Comparative crown widths of northern hardwoods based on diameter breast high. 

Average width of crown. Average width of crown. 

Diameter Diameter. 

breast high. Beceh Sugar | Yellow] Bass- breast high. Beech Sugar | Yellow} Bass- 
*} maple. | birch. | wood. *| maple. | birch. | wood. 

| 

Inches. Feet. Feet. Feet. Feet. Inches. Feet. Feet. Feet. Feet. 
Se Rae ae ote 3 3 3 Ot pl gee ori seee ee ee 31 27 23 20 
Phe cia Sta 5 5 5) OV tl Oe hoe ae ete 32 28 25 20 
Be oa a See 8 8 7 Sool Heed LOA e eee ere gen ree 33 29 26 20 
Ch es eo ia mR oe 10 10 9 SL aI LS Sa ee a eee 34 30 27 21 
5 ieee ee 13 13 11 SD Fall lpeelQe eee ae Asa eh cre ees 34 31 28 21 
GRAS Sees ee 15 14 12 A eA ON sears i al coe eee 35 32 29 22 
UR le Re AeA race atc 18 16 14 115) 2\- PAL eS et eed bamice 36 34 30 22 
Sih debe Be Meh 20 18 15 UGH Oe Se oemchosoee 36 35 31 23 
Qe aes ares a BRS 22 19 16 Wall SZ eee eae eras 37 36 33 24 
NOR eda Se ee eta 24 21 18 ASSO [hoa ae) eerie Seep Sit 37 34 24 
did Da eee eee 26 22 19 deja ay 10 eG eae rere 38 38 35 25 
I sigs epee eae ay 28 23 20 SANE CAS orc iesercrd onsets 39 39 36 26 
BB) 5 Orley Bes Sa Seen 29 25 Ail 19 
lidhs Atari ee abieeeds 30 26 22 19 || Basis, trees...... 82 67 42 | 195 

TABLE 6.—Comparative crown lengths of northern hardwoods based on total height of tree. 

Average length of crown. Average length of crown. 

' . Total height of Total height of ] 
tree. Beech Sugar | Yellow| Bass- tree. Beech Sugar | Yellow] Bass- 

‘| maple.| birch. | wood. *;maple.| birch. | wood. 

Feet. Heeé. \\ eet. Feet. Feet. Feet Feet. | Feet. Feet Feet. 
Esai ea Sepa tae 3 2 2 DilivMswossecsonneses A2 33 27 
LO Bere okt a cee 6 5) 4 Bell Oars Jan awe eesee 45 36 34 28 
ULES le ate Ne 8 7 6 Ul estes) Saeki eee ee 48 38 37 29 
OTs) Settee oer pa 11 9 8 NON SON se Bo essessasue 51 40 40 31 
Doe ees Se 14 12 10 i122 OO AR Rear ae 8 54 43 43 32 
BOR ee ee Go ied wi iy 14 12 ZEW OG Se ee ae aes 56 ADs | eee 33 
Soe ba aed eae ss Be 20 16 14 1G) I) CO ae Neacasudoee 59 Al a ee 34 
AC) ene seienhoie sre Se 23 19 17 LS a) eee aera oe 62 COR ae ee 35 
ZAG) se eee ae 26 21 19 TC holla Ea) ee cee eee er aS 65 OZR ae espe 36 
OO oe aes. 29 24 21 PALS TRING TE eis Fea canes 2 Perey Sete 4b eases BIC 
DO eee ete ares 32 2 24 Dasa el DO set = = ctlocs one [ois = eee TYE eee o 39 
(G0) 5 aoe Saree ae 35 28 26 24 — ——— 
Goes ct ibe aewioses 39 31 29 25 || Basis, trees....-- 87 72 47 253 

GROWTH. 

The rate of growth of a given species depends on the soil, the 
climate, and especially sunlight. Theoretically the growth per acre 
is the same whether there are few or many trees, provided the supply 
of light is completely utilized by a continuous crown cover. The 
northern hardwood forest in its virgin condition was characterized by 
extreme crown density, caused not only by the large number of trees 
which the fertile soil produced, but also by the difference in shade 

endurance. Under the light-needing crowns of the tall pines, elms, 

or basswoods, the tolerant birch, beech, and maple grew without 

much difficulty, providing an efficient, wood-producing ‘‘lower story” 

of foliage. The total amount of wood produced was very large. 

637° —Bull. 285—15——2 

iy 
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But, on the other hand, the individual trees grew with extreme slow- 

ness, especially the more tolerant. Many of the trees which ulti- 

mately became domimant did so only after a long struggle upward 

toward the light, durmg which their growth was suppressed by shade 
almost to the point of extinction. Evidence of this struggle is found — 
when old-growth forest trees are cut, in the great and irregular varia- 
tion in the width of the annual rmgs. These irregularities are not, 
it is true, wholly due to variations in the light supply; climatic fluc- 
tuations and the drain caused by heavy seed crops undoubtedly have 
their effect. But the aggregations of fine rings represent chiefly the 
periods of suppression by shade, while the wider rings represent the 
more rapid growth under increased light. In dominant trees, there- 
fore, the rings are apt to be narrower near the heart than elsewhere, 
and in trees which have long been suppressed they may all be very 
narrow. 7 

Most of the ‘‘intensive”’ trees of the northern forest retain to a 
great age their power of recovery from moderate suppression, and 
this is as true of the less as of the more tolerant. In consequence, a 
graphic curve based on the growth of an individual virgin forest tree 
is exceedingly irregular, and bears little resemblance to that of an 
open-grown tree, in which the growth 1s at first slow, rapidly reaches 
a maximum, and then gradually decreases. An average curve repre- 
senting the growth of many forest trees is commonly almost a straight 
line. 

It is worthy of notice that the fine rings next the bark of large, old 
trees may be due not to insufficient light, but to the great circum- 
ference about which the season’s layer of wood must be spread. At 
the top of the tree, where the circumference is smaller, the growth of 
the same year will show a much wider ring on cross section. 

Tables 7, 8, and 9 show the growth of most of the important 
‘“mtensive” trees of the northern hardwood forest in the Lake 
States. They are based on decade measurements of selected, weill- 
formed, sound trees, and represent a growth slightly greater than the 
average rate! The small number of white elm trees measured (14) 

was insufficient for thoroughly representative tables; but since the 
trees were dominant the figures given show fairly well what may be 
expected of vigorous white elm in unmanaged forests. The principal 
inference from the table is that the growth rate is more or less in 
proportion to the tolerance of the species, and that basswood is con- 
siderably more rapid growing than any of the others. 

1The maximum and minimum figures do not indicate extremes, but only averages of maxima and 

minima. All the measurements were separated into three equal parts, representing maXima, averages, 

and minima, and each part was averaged (graphically) by acurve. The absolute maxima or minima can 

be found by halving the difference between the figures given in the ‘‘maximum” or ‘‘minimum” columns 

and those given in the “‘average”’ column for any desired year, and then increasing the average maximum 

or decreasing the average minimum by this amount. 

— 
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Taste 7.—Growth in diameter, breasthigh, of northern hardwoods and hemlock in the 
Lake States. ; 

Average growth. Maximum growth. Minimum growth. 
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180.. 14. 8} 14.1) 16. 7) 16.5} 14.1} 22. 6) 21.5] 17.3] 22.9)... ..- DS 2 Ol eee OL OSO MONS I dese ala elias 
190s | TSH CO iA S| ieo | elomtl 2356 e226) 08 S221) 21 ine oe DANS E2enOle Se ol elleo|) bela SxOteoee alone 
200. . 16.7) 15. 7\" 18. 8} 18.4) 16.0} 24.6) 23.6) 19.1) 25.2]/_....) 23.4] 29.7] 9.0) 12.1} 12.2} 8.7) 9.0} 19. 

210. 17. 6} 16.5} 19. 8}....- TAOR252 51224 Alec. Ol) 26sale ee PATA SOSA e2O fet 2n9 et ook nea 9.8} 20.1 
220. 18.5] 17.3} 20. 8}...-- ESE 2055| 20e6 2Oso ease ee Ws | BN 7) URES By fell Te) see LOMA 21a 
230. TORS SUS shi ate Sisaee- 1S PEG PAs TA PA] PARE ee 26. 5) 32. 7) 11.3) 14. 6] 14.8}. --_- 11. 6} 22.0 
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1 Based on the following data: Sugar maple, 80 trees, Charlevoix and Kalkaska Counties, Mich., Price 
and iron Counties, Wis.; beech, 74 trees, Charlevoix and Kalkaska Counties, Mich.; yellow birch, 27 trees, 
Charlevoix and Kalkaska Counties, Mich., Price and Jron Counties, Wis.; hemlock, 186 trees Leelanaw 
County, Mich.; white elm, 14 trees, Charlevoix and Kalkaska Counties, Mich., Price and Iron Counties, 
Wis.; basswood, 75 trees, Charlevoix and Kalkaska Counties, Mich., Priceand Iron Counties, Wis. 

TABLE 8.—Growth in height of northern hardwoods and hemlock in the Lake States. 

Average growth (total height). 
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1 Based on same data as Table 7. 
and minimum curves. 

Hemlock. White elm. 
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The measurements for white elm were too few to warrant maximum 
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TABLE 9.—Growth in volume (cubic) of northern hardwoods and hemlock in the Lake 
tates. 

Average growth. Maximum growth. Minimum growth. 
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TAQ SS yre 2320) | 2220 143060 +|: 22.05! 82.0 26950) | 40202) 7100 |112208130.0) | e253 ShOn NGNS ees 42.0 
P50 eee 29.0 | 27.0 | 37.0 | 28.0 | 93.0.) 81.0.| 47.0 | 82:0 |131.0 |145.0 | 3.6 111.5] 9.3] 1.0] 49.0 

UG) saeee 35.0. | 32.0 | 44.0 | 34.0 |104.0 | 93.0} 55.0 | 93.0 |152.0 |161.0 | 5.1 | 14.3 | 12.3 | 1.8] 57.0 
Oe 42.0 | 38.0 | 53.0 | 40.0 |115.0 [107.0 | 62.0 |106.0 |174.0 |177.0 7.0 | 18.6 | 16.0 2.6 65.0 
PSO Rvs: 49.0 | 44.0 | 61.0 | 47.0 |126.0 |121.0'| 71.0 |119.0 |.-.... 19320592920" 12207 0) 205 0n eo ene fo50 
TON c 57.0 | 50.0 | 70.0 | 54.0 |138.0 |136.0 | 79.0 |183.0 |.....- 210.0 | 11.3 | 25.0 | 25.0 4.6 | 81.0 
200 =.--- 66.0 | 56.0 | 79.0) 61.0 |151.0 |151-0 |} 89.0 |147.0 |.-.--- 228.0 | 14.1 | 30.0 | 30.0} 5.9] 90.0 

21055 15-0-|-63-0-|-88.0-)-=..-- 165.0 |168:0 | 98.0 |161.0 |.....- ATO EL (sds! -oOn0n | waonOn | see 99.0 
220 ees S42 Ones 05198 20) lasses. 178.0 |184:0 |109.0 |176.0 |.-..-- 267.0 | 21.0 | 42.0 | 40.0 |:..-.. 109.0 
25 Os OF On 9 OnLOSs On sees oe 192:0 |201.0 |120.0 |191.0 |.....- 288.0 | 25.0 | 48.0 | 46.0 |_....- 119.0 
DAD cater: LOZ KOR SisO Ss O naa aee 207.0 |218.0 |132.0 |205.0 |------ SET -Os1e3050. 1.540) 02.02 eee 130.0 
ZOO UDO 95. On 2820 ae eee 221.0 |235.0 |148.0 |220.0 |.-..-.- BB epi oe | OURO) Stee (Ieee 141.0 

1 Based en same data as Table 7. 

SECOND GROWTH. 

Before lumbering began young growth of the intensive species was 
practically confined to individuals and groups of various ages within 
the virgin forest. Fires, windfall, and other accidents to the stand 
undoubtedly resulted in some even-aged reproduction over small 
areas, but only a small amount as compared with the reproduction 
of the extensive species. In 1825, for example, fires denuded an area 
in New Brunswick and northern Maine estimated at more than 
5,000,000 acres, over the greater part of which aspen and paper- 
birch thickets sprang up. In the shade of these the more intensive 
species came in irregularly, producing relatively uneven-aged stands. 

As a result. of widespread logging operations and the fires which 
have followed them, even-aged second-growth stands of the intensive 
species have become fairly numerous, especially in the rough eastern 
part of the northern hardwood region, where more of the land has 
been allowed to revert to forest. It is common for these stands to 
be of mixed species, one or two of which predominate over the others 
in number and size. Over small areas a single species may grow in 
almost pure stands. Yellow birch is the most frequent example 
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Fig. 1.—A CLUMP OF MERCHANTABLE BASSWOOD SPROUTS FROM A SINGLE 
STUMP. TENNESSEE. 

Fila. 2.—THREE MONTHS AFTER A FIRE, CLUMPS OF BASSWOOD SPROUTS WERE 

PRACTICALLY THE ONLY LIVING VEGETATION. NORTHERN WISCONSIN. 

BASSWOOD, NEXT TO CHESTNUT, IS THE BEST SPROUTER. 
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within its geographical range. Substantially pure, even-aged yellow 
birch stands are especially abundant in the eastern mountains from 
Maine to Pennsylvania. (Pl. X, fig. 1.) Pure, even-aged stands of 

sugar maple or of beech are uncommon (PI. X, fig. 2), and basswood 
and elm hardly ever predominate in the second-growth except in 
small groups among other species. 

The followmg measurements of second-growth hardwood stands 
made in the course of the study illustrate the growth and composition 
of young forests of various ages and species. The measurements were 
made in small sample plots, the sizes of which are given; and the vol- 
umes and ages were determined by means of sample trees represent- 
ing arbitrarily fixed diameter groups. The volumes are on an acre 
basis. As a matter of fact, the composition represented by a sample 
plot was in most cases less than an acre in extent, the plot repre- 
senting that portion of the second-growth stand in which the desired 
species was most abundant. The stands were selected at random 
and show about the average growth, in cubic feet and cords, for the 

mountain lands.2 The volume measurements were of merchantable 
fuel wood material in trees 3 inches and over in breast-high diameter 
to a minimum diameter limit of about 2 inches. The cubic-foot vol- 
umes were reduced to cords by dividing by 85. The crown density 
is shown in tenths, perfect density being 1. The crown density of 
birch stands, however, is rarely greater than 0.9, which may be con- 
sidered perfect. 

BIRCH PLOTS. 
NEw HAMPSHIRE. 

Plot No. 1.—Age, 43 years; yield, 24.2 cords per acre; height of dominant trees, 55 to 60 feet. 

Diameter breast- : 

Propor- ys high. Average 
aaah tion Rove Volume | annual 
pee based on | 01 ‘Fees per acre. | growth 

volume. | Pe acre. Ex- per acre. 
Average. Frees 

Per cent. Inches. Inches. | Cubicfeet.| Cubic feet. 
VCO We DIneG nase aw tee te ee Se ei 88. 0 496 5.8 2 to 10 1, 806 45.15 
PaO MING Neer ak eee eo ee ee aca 8.0 40 6.1 3 to 10 166 4.15 
Su Garena ple etae ot oe Se ak cee 222. 24 4.2 ZTORrO 46 TBS 
Binrerenerky. (dead) >< 54-5 as. se eke S. 1.8 16 4.5 3 to .5 38 95 

ER Oe ess ete ee en hs Bee) a 100.0 y(t: | ee Sworn eesoeactecen 2, 056 51. 40 

Benton township, Grafton County, N. H., near Glencliff; western slope of Mount Moosilauke; altitude 
1,500 feet; slope 25 per cent west by north; soil rather shallow, loamy sand with 3 inches of humus; plot 
one-eighth acre, representing one-fourth acre stand surrounded by uneven-aged growth; density 0.8; 
reproduction, sugar and red maple, abundant. 

1 This method is described in H. S, Graves’s “ Forest mensuration,’’ pp. 229-231, 1906. 

2The yield of mixed second-growth hardwood stands in Vermont is given in Vermont Agricultural 

Experiment Station Bulletin 176, “‘The management of second-growth hardwoods in Vermont.’ 



22 BULLETIN 285, U. S. DEPARTMENT OF AGRICULTURE. 

Plot No. 2.—Age, 75 to 80 years; yield, 22.9 cords per acre; height of dominant trees, 50 to 55 feet. 

Diameter breast- 

high. Average Propor- 
: Number : tion - Volume | annual 

Species. based on eae. per acre. | growth 
volume. Average. iene per acre. 

Per cent. Inches. Inches. | Cubic feet.| Cubic feet. 
Mellow birehin.2 2.22 sae t eoenc see ee eee ee 78.2 360 6.1 2 to 12 1,519 19.00 
IBGeCh: 2 Ok ae aan SOE ae? Spee ern ae 14.7 328 S25 lto 7 286 3.58 
Suganmaplesss see serene seca toe ee (ian 456 2.2 1lto 6 138 1.73 

ADO Ler eres ee c6 Fre te eee rare ae 100.0 ga Fe ee ae ats | Pete ee 1,943 24.31 

Milan Township, Coos County, N. H., 3 miles east of west Milan; altitude 1,300 feet; slope 5 per cent 
north; soil fine, fresh, brown loam, very stony, medium depth, humus 2 inches deep; plot one-eighth acre 
in strip of second-growth 2 chains wide at south end of an old hardwood stand; density 0.9; reproduction, 
beech and sugar maple seedlings quite abundant, no birch; numerous maple seedlings killed by shade. 

Plot No. 3.—Age, 88 years; yield, 38.6 cords per acre; height of dominant trees, 60 to 65 feet. 

Diameter breast- 

high. Average 
Nene: Volume | annual 
per acre. | oe per acre. | growth 

- per acre. Average. nEGriog 

Inches. Inches. | Cubic feet.| Cubic feet. 
Yellow birch ; 368 6.8 2 to 14 2,097 23. 83 
TERA OVS | OVE) Cea Oe ene ea SERRE : 128 7.6 2 to 13 1,005 11. 42 
IB OCI! ees Bee Fase Se! Aare nie See ee . 02 4.9 1 to 10 147 1.67 
Suga mMaplOs== 4.2.0 oa. sess seek Le eeeios c 4 6.5 2to 9 21 24 
PNG CME kt a aR! eet ys eel esa cin hee : 2 (EN. eee ee ae 13 15 
FRCCES DEM CO Nereis meter cet Seidlenentoee see 416 2.2 iE CO"O) [= soe ee eee 
PAIS AID FRB Sar: ayarain shea ot ogye = ce 43s sacs aee ee 36 2.2 Lto ay. esas eee 

ANGI Eig Sree a es rh Pee LU el eee tceet| oceans: 3, 283 37.31 

Benton Township, Grafton County, N. H., near Glencliff; west slope of Mount Moosilauke: altitude 
2,000 feet; slope 17 per cent; exposure northwest; soil fairly deep sandy loam with 3 to 4 inches of humus; 
plot one-half acre, in stand running largely to paper birch; density 0.9; reproduction, red spruce, heavy, 
of very slow growth. : 

NEW YORK. 

Plot No. 4.—Age, 20 years; yield, 10.8 cords per acre; height of dominant trees, 35 to 40 feet. 

Dimneter breast- 

Propor- igh. Average 
CnneiaG tion Mumm ber Volume | annual 
pecs: based on | a enn per acre. | growth 

volume. | P ; Ex- per acre. Average. Pecans 

Per cent. Inches. Inches. | Cubicfeet.| Cubic feet. 
wieHowabireh es. 9. 336 See Sees eee 56. 2 2, 288 2.1 1to4 518 25.90 
ISTE Kelly In Geers, see eras c8 tae ae 15.0 336 2.4 1to4 138 6. 90 
Sugarmmaplersssese. aso aah ee eee 14.2 288 2.4 1to4 131 6.55 
TS THGNS) Ye) 0 ee eS Se ee eae Bie ete sO 80 3.4 3 to 4 102 5.10 
VEGbiN a Pl rer a eke ies ceo eee 3.95 48 2.7 2 to3 32 1.60 
PS COCTES Pees ies oo er ia 2 hc ate te chee a2 | ae ee 320 VO st oe eaegee tol eee cat | eee 
SOGVICOWD ERE Ya = een oe see ae ee ee a 32 1.6 ECOL2Ae et Joes ececeee 

MOE ers Oe See Mee eae ale ae eeeh 100.0 SOO 2H E gate as tak Neen eee 921 46.05 

Colchester Township, Delaware County, N. Y.; altitude 1,300 feet; slope 10 per cent northwest; soil 
very scant; fresh, loamy sand with thin humus layer, over large, flat, loose sandstone fragments; plot 
one-eighth acre, in stand of 2 or 3 acres, varying in composition; density 0.9; reproduction absent. 
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Plot No. 5.—Age, 42 years; yield, 25.8 cords per acre; height of dominant trees, 55 to 60 feet. 

23 

Propor- 

Diameter breast- 
high. 

Average. eee 

Inches. Inches. 
Dee, 2to 8 
5.4 3 to9 
5.6 4to7 
2.4 1 to4 
2.0 

Volume 
per acre. 

1,185 

Average 
annual 
growth 
per acre. 

Cubic feet.| Cubic feet. 
28. 21 

Number 
Species. ee of trees 

volume. | Per acre 

Per cent 
Nail? LOR ele BRE EEE els Se ae os eee 54.1 360 
WROUSINADIOUs ee ernie ns as eo eee 26.9 160 
TEI RELC |DVSKO Tes Re SESS Is Rech ue 17.8 104 
APO CG beeen yarn oe ees ed 1.2 96 
SUCARMIMA DIOS errs scene cas eae see se oeiatie ee oe aoe 16 

TO Gel epee oe ee he Oo eee eee 100.0 

Colchester Township, Delaware County, N. Y.; altitude 1,300 feet; slope 5 per cent west; soil very scant 
fresh, brown, loamy sand with thin humus layer, over large, flat, loose sandstone fragments; plot one 
eighth acre, in 2 or 3 acre stand of second growth with scattered 
beech and sugar maple, numerous. 

PENNSYLVANIA. 

old trees; density, 0.7 to 0.8; reproduction 

Plot No. 6.—Age, 25 years; yield, 11.5 cords per acre; average height of dominant trees, 40 feet. 

ee Number 
Speci on f tr pecies. based on | 0 trees 

: volume, | Per acre 

ID GSR See A ae See aA eeae 48.3 312 
Mollowibinchs = 5-..6305- aes Sere ee 42.7 1,368 
Blacks pirGhee 3 was soe aes osc e caosesee Ge 8.4 440 
iripedsmaplescseescsssecee eases eee 6 56 

T BY SOC) SE ie Oe os ST SI eS] oc 184 
SUC ASIA Plo myers cee Seti aye oe aren Stell cael e ine oe 80 

MNGi al so topos Sha asd ee se 100. 0 2, 440 

Diamete r breast- 
high. 

Cubic feet. 
470 

Average 
annual 
growth 
per acre. 

Cubic feet. 
18. 80 

Near Austin, Potter County, Pa.; altitude 1,660 feet; slope 15 per cent north; soil shallow, fresh, clay 
loam, over small, flat, shale fragments; humus 3 inches deep; plot one-eighth acre, in similar stand of 
60 to 80 acres, following lumbering and fire on hemlock land; density 0.9; reproduction absent; many 
dead fire cherries still standing indicate rapid elimination of this species. 
itself rapidly; birch largely sprouts. 

Stand apparently thinning 

Plot No. 7.—Age, 40 years; yield, 21.1 cords per acre; average height of dominant trees, 55 feet. 

Wellowalbinchn cess ae ec oe 49.1 420 
lnekspinehy ese 4 pee see cts oe ne Seis 2 37.0 332 
RSG TsO wae as Sen eS eee Sane SuEceneeeece 8.1 100 
Sicarmap less wesctegs =o stone Sasa 2.4 96 | 
IA ChE CM Oni Vere ian f miese oct ee wis Shae ates Sere sie see 1.3 8 
SEPA (CLE) 1 OXET 7S, pa Pr 2 es a ee? 16 
APO U WOOO ee Rosa bes ee Soe ne 2 eee 9 56 
TRYOE SSS. oA ee oe RE Siete Seen ee 156 
TB iver OES Se a ee eee ee ee 4 
LEC OHOU IN CURSES tes 5 RR a ele A eee eres oe eee 8 

A Olitleet See a hese goth eS Sk 100. 0 1,196 

| Diameter breast- 
high. 

Volume 
| per acre. 

Average. | eee 

Inches. Inches. | Cubic feet. 
4,3 2to8 881 
4,2 2to7 664 
3.9 1to7 146 
2.4 | 1to6 44 
5.0 | 5 23 
3.6 2to6 21 
22, 1t0d 16 
1.0 ISCORE Seno 
LOE [Rees 
1s 0 1 : -~ecereeecerees 

BA Bien a2ehs op ee | 1, 795 

Average 
annual 
growth 
per acre. 

| 

Cubic feet. 
22. 02 
16. 60 

Near Costello, Potter County, Pa.; altitude 1,600 feet; slope 25 per cent northwest; soil scant, gray 
loam, dry and crumbly, in interstices of small, fine grained standstone fragments; humus 3 inches thick; 
density 0.9; reproduction, beech and sugar maple, numerous; a few hemlock seedlings. 
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Plot No. 8.—Age, 50 years; yield, 10.9 cords per acre; average height of dominant trees, 45 feet. 

Diameter breast- 

Propor- high. Average 
Species tion pied Volume anna 

. pesed on per acre per acre.) growth 
volume. Average. aa per acre. 

; Per cent. Inches. Inches. | Cubic feet.| Cubic feet. 
Yellow birch....... Jc whe Sew eeineeeae 76.4 672 3.4 2to5 709 14.18 
Blacks bine 25 ke sae hoe Boece eee ee 2155 272 2.8 2to5 200 4.00 
NenViCeibenhye=. 20 sla = eS ee es 1.3 8 4.0 4 12 24 
Cucumbers Ae tecss see eee eee ee : ats 8 3.0 3 7 14 

MO tals was eeomn eee aaron See 100. 0 GOW: . ss oeie sal ee eae 928 18. 56 

Endeavor, Forest County, Pa.; altitude 1,200 feet; slope 5 per cent north; soil, shallow, rich, residual 
Clay loam, over flat shale fragments; humus heavy, rich, well decomposed; plot one-eighth acre, in second- 
growth stand of less than one-fourth acre; density 0.85; reproduction scant; scattered hemlock, white ash, 
sugar and red maple, white oak and birch. 

Plot No. 9.—<Age, 80 years; yield, 42.2 cords per acre; average height of dominant trees, 75 feet. 

Diameter breast- 

Propor- high. Average 
Satias tion Noe Volume | annual 
P i based on ence per acre. | growth 

volume. | P BlAccors ae Ex- per acre. 
“o™* | tremes 

Per cent Inches. Inches. | Cubic feet.| Cubic feet. 
NACHO WADING eae oe eae ee 85. 4 324 7.4 5 to 11 3, 062 38. 28 
Bae kal inc htc s ersten a eye ees 8. 2 32 7.3 5 to 10 296 3.70 
METS TIA] OC eee ee ee OPE Ss EN SE 4.6 68 Sal lto 9 164 2. 05 
TBXEQ Obs eS ee en ke ee We a 8 84 3.0 lto 6 29 36 
UTS AT AIA PlOe es cc sclewe See tae sacle ces oetarce 6 24 3.1 1lto 6 20 25 
UOC EM APIO Ras = terns aya sete eines wie chess 4 20 3 3 16 20 

Atal eam ara ear ORB coal 100. 0 04 ae mites 2 EER | 3, 587 44. 84 

Homer Township, Potter County, Pa.; altitude 1,600 feet; slope 30 per cent west; soil very scant, rich, 
fresh, residual clay, over talus of flat shale fragments; humus heavy, moist, well decomposed; plot one- 
fourth acre, in similar stand of more than 10 acres; density 0.9; reproduction scant; beech, red maple, 
hemlock. (See Pl. X, fig. 1.) 

MAPLE PLOTS. 

NEW YORK. 

Plot No. 10.—Age, 39 years; yield, 28 cords per acre; average height of dominant trees, 68 feet. 

Diameter breast- 

Propor. high. Average 
Sneniog tion Ruree ies Volume | annual 
p : based on per acre a per acre. | growth 

volume. eal , X- per acre. 
Average. | tremes. 

Per cent. Inches. Inches. | Cubic feet.| Cubic feet. 
SLCATAM ADIOS Sse. ese eee Tio 712 4.4 1to9 1, 852 47.49 
BCT OWabinchives #: = seep ae). te oe ee 8.3 56 5.1 4to6 198 5. 08 
UOTHRES (0) aVe¥ 0h 0) os erie eee cme nL at ae Re Ma Se 7.6 32 6.3 5 to8 181 4, 64 
DSOnvaCe Enya <. cesar ot oak See ee cee 2.8 16 wD 5 to6 66 1. 69 
MOM WOOM se. 8 cc eee Soo eee kW eS 32 38 3 to 4 42 1.08 
IBASSWiOOUESS= sa 520) Sei. pe. Pe 1.6 8 6.0 6 39 1.00 

CGE es crea ee eee te 100.0 SRG [oss ee eee 2,378 60. 98 

Cooks Falls, Delaware County, N. Y.; altitude 1,300 feet; slope 15 per cent east by north; soil moist, — 
sandy loam, relatively deep; humus 1 inch thick; plot one-eighth acre in similar stand of 2 or 3 acres; den- 
sity 1; reproduction, sugar maple and beech; maple very abundant but badly suppressed; an ‘‘old field” 
stand of seedling origin. 

a 
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MICHIGAN. 

Plot No. 11.—Age, 42 years; yield, 16.2 cords per acre; height of dominant trees, 45 to 50 feet. 

ha ge ee 

Diameter breast- 

Propor- | yu mpber igh. Average 
Species. D oo of trees Volume | annual 

ased on per acre per acre. | growth 
volume. ZN Ex- per acre 

verage.| tremes. : 

Per cent. Inches. | Inches. |Cubic feet.| Cubicfeet. 
SUSAN ADO Pe aak ja eee <n CEE NES ool 53. 2 2,224 2.2 1 to 6 Te i 40 
NAVAS) CVS) O18 saa ees ee 2 tare Aiea oe SO eee Ocoee 19.5 128 4.5 2to7 267 6. 36 
TE OTIWiO0 Cee ese aren cise 19.3 72 5.8 2to8 265 6.31 
Beeches. - Ee Sn Peceee eee he Re ieetest oe does Al emcee 5.4 40 4.2 1to7 74 1. 76 
DEVICE OLIN yee nici 2 5 esectotere a = eke cey- 2.6 32 3.9 2 to 5 36 . 86 

Mops = amet cet 1OOMON NGG) ne 1,373 32. 69 

Glen Haven, Leelanau County, Mich., one-half mile from Lake Michigan; altitude 600 feet; slope level: 
soil fine, wind transported, lake sand, blackish near surface; humus thin; produces fair corn crops, but 
difficult to get a “‘grass catch,” due to wind; plot one-eighth acre, in similar stand of several hundred acres; 
density 0.8. This stand contained from 5 to 20 red oak trees per acre, conspicuously larger than the sur- 
rounding trees, and often 10 or 12 inches in diameter. The situation is much better adapted for red oak or 
white pine than for northern hardwoods. 

BEECH PLOTS. 

NEW HAMPSHIRE. 

Plot No. 12.—Age, 70 years; yield, 22.9 cords per acre; average height of dominant trees, 55 feet. 

Diameter breast- 

Erp ore A har high. oe Average 

Species. b of trees porumer | annual 
ase on per acre. per acre. | growth 
volume. Average. ee per acre. 

Per cent. Inches. | Inches. |Cubicfeet.| Cubic feet. 
HB OO CMe ce 5 Sere eae d ele ete recle Heileceea de 58. 0 952 3.4 1to8 1,129 16. 13 
Sugar maple...........+------------------- 33. 1 208 5.1 2to9 644 9, 20 
IPR IOMO  eaeocor ae dcoosmsosese -oosasose 8.9 32 6.4 4 to 8 174 2.49 
Weill TONG 5 aera ces Sacdes ane ne s8eecss| pASeaan oss 16 2.0 2) Gass Seas ee eee 
SUE WRG! Wie Es asso sas05 aensbecsseosasosde)Postaa5 ade 8 2.0 7M FSSA ONG Sas Ses 5 5 

OIG EY Le cee Hoe os Bets Aes fanaa eT 100.0 171 Ube a eae ans hoc Smee 1,947 27. 82 

Shelburne Township, Coos County, N. H.; altitude 1,400 feet; slope 20 per cent east; soil rather shallow, 
fresh, sandy loam, from decomposition of granite; humus 3 inches deep, well decomposed; plot one-eighth 
acre, a, fair sample of at least 5 acres, containing some red oak; density 0.85 to 0.9; reproduction almost 
exclusively beech seedlings and root sprouts, slender and suppressed; about 10 spruce seedlings per acre. 
This stand evidently sprang up after a fire in a stand containing beech and hemlock, of which a few decayed 
stubs are still standing. 

Plot No. 13.—Age, 95 years; yield, 33.1 cords per acre; average height of dominant trees, 55 feet. 

Diameter breast- 
Propor- high. Average 

Seaies tion Number Volume | annual 
P 2 pasediont |e ean per acre. | growth 

volume, | P Bi Ator Ex- per acre. 
a8e. | tremes 

Per cent. Inches. | Inches. |Cubicfeet.| Cubic feet. 
Ce Clase a ele Ee otters 91.5 524 4.4 1to9 2,571 27. 06 
HVE dental Diese sre Mok eise nie bila -vatisetercle aie 4.6 24 4.7 1 to6 130 iE GY, 
paper Ditches=—= = Be ee Se SERA oan eee ae 3.9 4 10.0 10 109 1.15 
[BISTROS 5 5 yo eae aia ee = ae ey ea ene |e ee 12 1.0 [S| eres | are areca 

ZTE Ss See ee 100. 0 BO4: hereon a leat ena 2, 810 29. 58 

Near Intervale, N. H.; altitude 1,000 feet; slope 8 per cent, north; soil fresh, sandy loam, gravelly and 
rocky, with 1} inches of well-decomposed humus; plot one-eighth acre, in stand of 10 or 15 acres, containing 
a few larger red oak and red maple; density 1.0; reproduction principally striped maple and beech, with 
clumps of hemlock; some sugar and red maple and scattered small white pine seedlings. This 1s an unusu- 
a ae sand us eee on soil better fitted for raising red oak, white pine, and other rapid growing species. 

ee) Pl. X, fig. 2. 
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MIXED PLOTS. 

NEW YORK. 

Plot No. 14.—Age, 18 years; yield, 7.8 cords per acre; average height of dominant trees, 34 feet. 

Diameter breast- . 

Propor- eke gh. Average 
eer tion Nae | Volume | annual 
Dees based on | ner acre per acre. | growth 

volume. Average. ce ee per acre. 

Per cent. Inches. Inches. |Cubicfeet.| Cubic feet. 
BYTC1IO WV LECH ee aye eee eee oad per syereee 27.4 496 2.5 1to4 182 10.11 
BASS WOO qe c cn yee a sc reiete 25.3 360 2.8 1to5 168 9.33 
Suparnmaplet:. 222 eee sence resent 19.7 936 anil 1to5 131 7.28 
Wate las Wee ee PN Sa re ee 10.7 80 3.4 1to7 71 3.94 
I MRENCOu nh Sequaeaues SeatseeeSoedsosceascos 9.9 64 3.8 1 to6 66 3.67 
Tron WOOG 2 22622 = Ss Fass eee as eee eee eos Sia} 152 Pas il 1to4 22 1e29 
BROCCT a ee Se Oe IRS I Cue peccemtane mare terer oleae 2.6 144 1.6 1tod5 17 .94 
INS Mes GnSun Sener eon on adosnadesouoeo Gas USI 8 3.0 3 7 .39 
Stale |bi6b) 0) Chase nee oosoneccoasceccseasdoq||ss0ccGeuss 32 1.8 1 £0 20 iiee See ee ee 

TO tale eee etn Se Ee Sees a ee 100.0 TO PAN eee DBE Ul Ouse oc, 664 36. 88 

Cooks Falls, Delaware County, N. Y.; altitude 1,300 feet; slope 20 per cent, east by south; soil very 
shallow, fine, crumbly loam, fresh and rich, very full of flat sandstone fragments; humus 2 inches deep, 
well decomposed; plot one-eighth acre in similar stand of 8 or 10 acres, which contains scattered older trees. 
The trees are mostly of sprout origin. Basswood and ash, especiaily, grew in clumps of numerous sprouts, 
from small stump. Density 0.9; reproduction, a few unthrifty sugar-maple seedlings. 

Plot No. 15.—Age, 32 years; yield, 19.8 cords per acre; average height of dominant trees, 48 feet. 

Diameter breast- 
Propor- high. Average 

2 tiga umber Volume | annual 
Species. based on | ° nee per acre.| growth 

volume. | P& cre- Asaaee Ex- per acre, 
> oS’: | tremes. 

Per cent. Inches. | Inches. CUES Cubienee. 
He aseags sea ye, ge es re a 27.4 632 3.4 1to6 . 

BCE ches SEEN ES ocr aere ae 25.3 176 4.7 2to7 391 12.22 
JAS POD oak ccde dbo SadbodoomonpssanaSSanaasds 19.7 120 AS al eo uO 318 9.94 
VAT OS Nes posses noodseouEEoooooSnsdssuS 10.7 80 3.7 1 to6 104 3.25 
TBST Ne Gee Sesaccasop sbasespspbeSaGauueoadad 9.9 1,624 15 1 to4 84 2.62 
Weliny loin sp esd aoneus doesanseccouscDy Bos: 32 3.6 1to5 41 1.28 
Seiwa ce benhyrsceceeeee eee ees a= aeasaiaa 2.6 56 2.8 1to4 41 1.28 
Suieeie me ys soscesonussodcausoHaccocasore lisal 216 15 1to3 8 25 

TIS Gea Sia ae Ee 1 he ed 100.0 PAKORY tie pene sta of Rae bed ea 1,679 52. 46 

Cooks Falls, Delaware County, N. Y.; altitude 1,300 feet; slope 10 per cent, south; soil very shallow, fresh, 
sandy loam, very full of rock fragments; humus rather dry, 1}inches deep; plot one-eighth acre, represen ta- 
tive of more than 10 acres of second growth, containing scattered larger trees; density 1, but south exposure 
permits golden rod among the ground cover. The beech are mostly root sprouts 1 and 2inchesin diameter, 
and most of these are badly suppressed, many dying, and some dead. The dead and dying were not 
counted. Reproduction occasional aspen, red maple, and cherry seedlings; none of beech. This plot is 
in the same stand as the thinned plot described last in this list. 

Plot No. 16.—Age, 42 years; yield, 30.6 cords per acre; average height of dominant trees, 70 feet. 

Propor- 
tion 

based on 
volume. 

Species. 

Per cent. 

Number 
of trees 
per acre. 

Diameter breast- 
Average 
annual 
growth 
per acre. 

.| Cubic feet. 
31.50 

high. 
= Volume 

per acre 

Average. eee 

Inches. Inches. | Cubicfeet 
5.8 | 3to10 , 323 
Wao 2to12 785 
4.8 1to10 394 
6.5 2to 9 103 

Porte eel eae ae 2, 605 

Colchester Township, Delaware County, N. Y.; altitude 1,300 feet; slope 20 per cent, east by south; soil 
very scant, fresh, brown, loamy sand with thin humus layer, over large, flat, loose sandstone fragments; 
plot one-eighth acre, surrounded by mixed second-growth containing scattered older trees; density 0.9; 
reproduction, a few larger seedlings of yellow birch and red and sugar maples. 
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Plot Wo. 17.—Age, 45 years; yield, 24.9 cords per acre; height of dominant trees, 55 to 60 feet. 

ee breast- 

Propor- | x; high, Average 
tion ee Volume | annual 

based on | ° = SES per acre. | growth 
volume. | Per acre- | z Ex- | per acre. 

Average. tremes. 

Per cent. Inches. Inches. | Cubic feet.| Cubic feet. 
eds ple see eae here oon ioe ieecia cle 3 40.5 228 5.5 1 to 10 856 19. 02 
Vetlowsbirehs: 332 2 a ee ees 26.9 348 4.0 1 to 570 12. 67 
TES Te ea DEC Bas apa ies ara apogee ae 26.4 124 5.9 2to 9 558 12.40 
Sucanmaples <0 so: eo. 2 sens See ees esos aS 96 3.0 Lous 86 1.91 
Beech oe Se ee eee isi 116 PALI 1to 4 24 53 
WITEIGHCERY e355 2h. oreo se et eo dess eee 5 8 3.8 lto 5 11 24 
SehviGeibenhy-eo a. = eso see aslo shee eee 3 20 2.6 lto 4 7 .16 
ROM WOOGR eter cent a ao as ee eee 2 8 23 1to 3 4 .09 

Motaleee! Cane a Ses eee 100.0 Tey eee eae 2,116| 47.02 
| | 

Colchester Township, Delaware County, N. Y.; altitude 1,400 feet; slope 20 per cent, northwest; soil 
very scant, fresh, brown, loamy sand in interstices of loose sandstone fragments; humus thin; plot one- 
fourth acre, in similar stand covering 1 or 2 acres; density 0.9; reproduction very scanty; a few small sugar 
maple and birch seedlings, and an occasional hemlock sapling; most of the red maples and beeches are 
sprouts; the birches are mostly seedlings. 

THINNED PLOT. 

[Originally similar to plot No. 15 in composition and yield.] 

Plot No. 18.—Age, 32 years; yield, 9.7 cords per acre; average height of dominant tree, 50 feet. 

Diameter breast- 
high, | Average 

; Volume | annual 
Species. per acre.| growth 

Average. | pane | Doan 
| | 

Inches. : Inches. | Cubic feet .| Cubic feet. 
AWAD 2S) 1 ee eee ee ae eee eee < aes ae 4.2 2 to 6 370 11.56 
LRHEG TERT OI Ds = Uke 2 ee © ae eee eae eS eae 5.8, 4to 8 262 11.31 
IRIACRGHeTRVEs fons s tie se ee 6.5— 6 to 7 74 2.31 
ASS WOO wes meee ey: aes 5 RS Dey ae 5.0 5 21 . 66 
Red Hea MesSprolisGristpS. So¥Cats O10 == fen eee easly | OOO) 2 22 3..| 2.20. |b ete ese eae as - 

GR tat seen eer eel ea NE LO) M a ny “SOBh cio - <2 ee) seco dS 827 | 25. 84 

Cooks Falls, Delaware County, N. Y.; altitude 1,300 feet; slope 10 per cent, south; soil very shallow, fresh, 
sandy loam, full of rock fragments; humus scanty; plot one-eighth acre, representative of 5 or 6 acres simi- 
larly thinned. The stand was heavily thinned 3 years before, when from 10 to 15 cords per acre of 4-feot 
wood were removed. The material removed was chiefly yellow and black birch, sugar maple, red maple, 
beech, and ironwood. Density 0.7; reproduction, heavy sprout reproduction of red maple, averaging 
about 8 feet high. Numerous 1-year-old seedlings of black cherry and red maple, and unthrifty breech 
sprouts. (See Pl. XV, fig. 1.) 

ECONOMIC IMPORTANCE. 

GENERAL UTILITY. 

In the amount and total value of their products the northern 
hardwoods have always been overshadowed by the softwoods, par- 
ticularly white pine. They have in the past contributed but little to 
the purposes which require wood in large quantities, like general 
construction, box making, and paper making, so that the hardwood- 
lumber cut of the country has been less than a quarter of the total 
lumber cut. On the other hand, the average value of hardwood 

1An account of the characteristics and uses of the wood of beech and various species of maple and birch 
is given in Department of Agriculture Bulletin No. 12, “‘ Uses of commercial woods of the United States: 

Beech, birches, and maples,” 1913. : 
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lumber in 1912 exceeded that of softwood by 25 per cent. Hard- 
woods are indispensable for hundreds of uses none the less important 
because they demand a relatively small supply. Among them are 
finishing, flooring, furniture, turnery, ‘novelties,’ woodenware, 
handles, shuttles, bobbins, spools, vehicles, veneer boxes and baskets, 
and many others, none of which use much, but which im -the agere- 
gate consume a great and increasing quantity of hardwood material. 
In certain regions hardwoods now compete actively with softwoods 
in box making and to some extent in construction. They furnish 
the greater part of the wood used for fuel in the hardwood region. 
The manufacture of wood alcohol and charcoal is supported by 
maple, beech, and birch (Pls. XI and XII), and practically all the 
northern hardwoods are now used in paper production (Pl. XIII). 

ANNUAL CUT. 

The annual cut in 1912 of the principal northern hardwoods is 
shown in Table 8, prepared from the census report for that year.! 
The proportion of these species, individually and collectively, con- 
tained in the total hardwood cut in each of the States and in the 
whole northern hardwood region is also given. 

TaspLeE 8.—Annual lumber cut (1912) of the principal hardwoods of the northern hard- 
wood forest, with the proportion of each in the total hardwood cut of the States and the 
United States. 

[Compiled from data in Census Bureau circular, “Forest products: Lumber, lath, and shingles, 1912.”] 

Maine. New Hampshire. Vermont. New York. 

iE t iz Giles z é | P t : er cen er cen er cen } Per cen 
BRctES of all of all of all of all 

Quantity.| hard- |Quantity.| hard- |Quantity.| khard- |Quantity.| hard- 
woods woods woods woods 
cut. cut. cut. cut. 

Mft.b.m Mft.b.m Mft.b.m. Mft.b. om 
Maples 3282.2 11,423 12.5 | 11,256 18.3 | 30,435 31.4 | 76,891 30.7 
BInGh oo. to snseaee 51,110 50.8 18, 182 29.4 31,551 32.5 31,395 12.5 
BeCChh ate ate eee Seas 7, 264 8.0 8, 986 14.6 13, 144 13.5 40, 761 16.3 
Basswood.........--- 5,499 6.0 1,493 2.4 7, 957 8.2 | . 28,513 11.4 

Wns Paste cess ee 407 4 350 .6 1,348 1.4] 13,684 | 5.8 

TGtalsse 795, 703 82.7 40,217 65.3 | $4, 485 | 87.0 | 191, 244 | 76.4 

i 

Pennsylvania. Michigan. | Wisconsin. Minnesota. 

F Per cent Per cent Per cent Per cent 
Species. of all of all of all | ofall 

Quantity.|. hard- |Quantity.| hard- |Quantity.| hard- jQuantity.| hard- 
woods woods woods woods 
cut cut. cut cut 

Mft.b.m Mft.b.m Mft.b.m.) Mft.b.m. 
WCC? See Shree 81, 617 16.0 | 453,110 60.7 | 118,765 yaa! , 255 2.2 
Papier st: 17, 666 3.5 | 55,300 7.4 | 140,071 32.0 6, 452 11.4 
Bacchi 21S 49, 686 9.7 | 92,106 1 BO 2,913 7 117 Be 
BasswO0then see aoe cc. 10, 925 2.4 53, 033 1.2 79,389 18.1 13, 7138 24.3 
MLM ae ae es 2,994 6 52,757 “ial 50, 608 11.6 12, 245 PH a 

agit 162, 888 | 31.9 | 706, 856 | 94.7 | 391, 746 89.5 | 33,782 59.9 

1 Bureau of the Census: Forest products—Lumber, lath, and shingles, 1912. 
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Fic. 1.—A BRANCH WHICH WILL BE TAKEN FOR DISTILLATION. 

Such material was formerly Jeft in the woods to rot. 

Fia. 2.—TopwoopD SKIDDED OUT FOR RAILROAD SHIPMENT TO THE CHEMICAL FACTORY. 

3 UTILIZING CROOKED HARDWOOD TOPS AND BRANCHES FOR 
CHEMICAL DISTILLATION. MICHIGAN. 
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Fia. 1.—A Woobds CREW SAWING UP AND SPLITTING LARGE BEECH TREES INTO 

CHEMICAL Woob. 

Fia. 2.—MORE THAN A CORD OF 4-FOoT WOOD FROM A SINGLE SUGAR-MAPLE TREE. 

LOG TIMBER TO BE BURNED FOR CHEMICALS AND CHARCOAL. 
PENNSYLVANIA. 
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TABLE 8.—Annual lumber cut (1912) of the principal hardwoods of the northern hard- 
wood forest, with the proportion of each in the total hardwood cut of the States and 
the United States—Continued. 

Total for the northern hardwood Total for the United States. 
region. 

Species. Per cent Per cent Per cent 
: Per cent of} of total cut in of total 

Quantity. | all hard- lumber Quantity. | northern | lumber cut 
woods cut. | cut in this hardwoods] (soft and 

region. region. hard). 

Mft.b.m. Mft.b.m. 
(Ma plotereertcenere ts oshe bese 2 784, 752 34.8 10.5 1,020, 864 76.9 226 
IBN. G6 Secs a ae en Oee spec 351, 727 15.6 4.7 388, 272 90.6 1.0 
TBYSC Nn cee A ee 214,977 | 9.5 2.9 435, 250 49.4 His 
IB asomOOdeE es pease eros Sane 201, 022 8.9 2.7 296, 717 67.7 8 
AES Trane eet ee ve oe ya ee ae 134, 393 6.0 1.8 262, 141 51.3 7 

Potala tt, 1, 686, 871 | 74.9 22.5 | 2,403, 244 70.2 6.2 

In per cent of the totai lumber cut (soft and hard) in each State the combined cut of the five hardwoods 
was as follows: 

Nin Gmeee Sety Wee ene SrOu Newey One. Soe eet oe Sool EWVASCONS IN coe aera ee ene Gea 
New Hampshire...........- Sv4s Seennsylvaniaks ee. - 4-2. -- 16s0n\e Mainmesotac. <2 =e. 4e aoe 2.4 
Wermonteteen actos fk eet oS Saad biel tienes Be eee eae oe eee 47.5 

The figures given for maple, birch, and elm each cover more than 
one species, as no distinction of species is made by the census. Com- 
mercial maple is principally “‘hard”’ (sugar) maple, but includes some 
‘“sott’’? (red and silver) maple. Commercial birch in the Lake States 
is almost entirely yellow birch, but in New England includes also 
some ‘‘white’’ (paper) birch, and in New York and Pennsylvania 
some ‘‘cherry’’ (sweet) birch; heart lumber is known as ‘‘red”’ birch. 

Kim lumber is made, in the north, from three species—white, slip- 
pery or “‘red,” and cork or ‘‘rock’’ elm. Much the greater part is 
undoubtedly white elm, which is known on the market as ‘‘gray”’ 
r ‘“‘soft”’ elm. Much rock elm has been cut in the past, but the 

remaining supply is small. Some slippery or ‘‘red’’ elm is cut in 
the Lake States and the northeast, but it is impossible to tel! how 
much of the total elm cut it forms. 

Table 8 does not tell the whole story. An immense amount of 
northern hardwood is used for house fuel. According to estimates 
for 1908 secured by the Forest Service (Circular 181), the total fuel 

wood consumption of the Northeastern and Lake States was 16,400,000 
cords, of which probably a third was northern hardwoods. About 
1,150,000 cords were consumed in 1909 for wood distillation,’ and 
as this industry has been extended from New York and Pennsylvania 
into the Lake States, the amount now used annually for distillation is 
undoubtedly much greater. Paper-pulp manufacture consumed 
31,390 cords of beech alone in 1909 (loc. cit.). 

1 Forest products of the United States, 1909. Bureau of the Census. Compiled in cooperation with the 

Forest Service. 
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The census figures for 1909 show the following amounts of the 
various hardwoods used for ELS veneers in the northern hardwood 
region: 

Board feet. Board feet. 

Moplere Meine 2 sas ae ere 29, 2195000" (2 Beechte. (-) ©. 225 ee am 6, 700, 000 
AST Vl 1 EN Rs See RS SENS 23, 064, 000 = Se 
Baewood no eee 12, 119, 000 ADB 2222255222222: 83, 053, 000 
Binns | oe racket 11, 951, 000 

The consumption for slack cooperage stave manufacture for the 
same year was as follows: 

Equivalent in 
SEES. board feet. 

Beechvetes. 85. 249, 761, 000 83, 253, 667 
iiaep ys a beerap ee 138, 761, 006 46, 253, 667 

Maples esas 107, 969, 000 35, 989, 667 
Birche ease 78, 224, 000 26, 074, 667 
Basswood....---- 62, 720, 000 20, 906, 666 

Total.....--| 637,435,000 212, 478, 334 

In terms of lumber, the aggregate annual consumption for all 
purposes of these five hardwoods in the Northeastern and Lake 
States alone is probably 5,500,000,000 board feet. Includmg the 
amount not usable, and Hence loft in the woods, or burned as 

refuse or mill fuel, it undoubtedly exceeds 6,000,000,000 board feet, 

or 12,000,000 cords. 

The depreciation both in extent and quality of the northern forests 
through lumbering, fire, decay, insects, and other causes has already 

been mentioned. Concurrent with the decrease in softwood timber 

there has occurred a relative increase in hardwood exploitation, and 
a similar increase in the cut of inferior hardwoods. From 1899 to 
1912 the recorded annual lumber cut of northern hardwoods increased 
from less than 10 to more than 22 per cent of the total lumber cut. 
The increase in the several States is shown in Table 9: 

TaBLE 9.—Increase in proportion of northern hardwoods in the aggregate lumber cut 
oj all species, from 1899 to 1912. 

Proportion of northern Proportion of northern 
hardwoods cut to total hardwoods cut to total 
cut. cut. 

State. State. 

1899 1912 Increase. 1899 1912 | Increase. 
| 

Bee ct. | Per ct. Per ci. ‘Perct. || Percheeerachs 
ae 8.6 iS? || Michi cnn aa ae ee 19.5 47.5 28. 

New Hampshire... .- - L 1 8.4 . 3: ||P NVASCODS IMs Seas eee oe 21059 26.1 15.2 
WenbmOnter =. So -c 0. AM 2 35.8 24.6 || Minnesota........---- =e 8 2.4 1.6 
INO We GOD Roe ree ee ae 1. 7 385i 22. 4 
Pennsylvania... =% 4.9) 16.4 11.5 |} Averagel.......- 9.8 | 22.5 12.7 

1 Based on actual lumber cut figures; not on the percentages above listed. 

OO OE 
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The amount of increase serves indirectly as an index to the States 
in which large supplies of conifers yet remain. Spruce in Maine and 
white pine in Minnesota still hold first place. The relatively small 
increase in the northern hardwoods cut in Pennsylvania is due partly 
to the influence of the large hemlock cut, and partly to that of the 
southern hardwoods, especially oak. 

PRESENT SUPPLY. 

There is little hope of finding out the amount of standing northern 
hardwoods except within a very wide “‘limit of error.’”? The estimates 
are given in Table 10, therefore, merely as rough approximations. 
They are based on estimates of the total forest areas in the different 
States, the proportions occupied by northern hardwoods, and the 
probable average stand per acre (from 1,000 to 38,000 board feet). 

Kach of these factors is, of course, subject to wide error, and there is 
the further error arising from differences in the closeness of utilization 
and in the prevalence of defect. 

TABLE 10.—Estimated stand of hardwood timber in the northern hardwood forest.. — 

Stand. State. Stand. 

Board feet. Beard feet. 
7, 000, 000, 000 to 15,000,000,000 || Southern Appa- 
4,000,000, 000 to 5,000,000, 000 lachian States-| 10,000,000,000 to 15,000,000, 000 
4,000, 000,000 to 5,000,000,000 || Lake States..... 30, 000, 000,000 to 30,000, 000, 000 

10, 000, 000, 000 to 20, C00, 000, 000 oo 
10, 000, 000, 000 to 20, 000, 000, 000 | Nolaleen me 75, 060, 000, 080 to 110, 000, 000, 000 

1 Acknowledgment is made to State Foresters A. F. Hawes, E. C. Hirst, and C. R. Pettis for assistance 
received in the preparation of these estimates. For the Lake States estimates compiled by the Bureau of 
Corporations in 1910 and published in its report on standing timber (1913) wereused. These were brought 
down to date by deducting an equivalent of five years lumber cut. 

VALUE OF STANDING TIMBER. 

There is normally a wide range in the stumpage value of any species, 
the price depending not only upon the accessibility and quality of the 
timber, but also upon the condition of the market, the exigency of the 
sale, and other matters common to all property exchange. Since, 
however, the remaining virgin timber in the Northeastern and Lake 
States is roughly uniform as to accessibility (a result of fairly similar 
logeg and trade conditions) stumpage values for a given species 
tend to approach a standard market value. Statistics of this nature 
were obtained by the Forest Service through a canvass of timberland 
owners in 1907, and again in 1912. The averaged results, with refer- 
ence only to the principal species of the northern hardwood forest, 
are given in Tables 11 and 12. 
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TaBLe 11.—Comparative stumpage values per 1,000 board feet of the more important 
species of the northern hardwood region: 1912. 

[From reports of sales collected by the Forest Service, Office of Industrial Investigations.] 

pee 
| North- | - North- South- =e ng Lake | Southern || . Lake 

Species. eastern | : Species. eastern 
B | States. | States.? | States. |} States. | States? | ciotess 

| 
Maple-222 0 os $5.98 | $4.58 $3.45 70) Blmner cena sce | $8.40 $5. 87 $3.41 
Biren ee 5.61] 4.85 o: 337 | PASHOS apes 27 3 nOl Os 5. 82 6.16 
Beeches ss ee 4.38 | 3. 67 2.86 || White pine......... 8. 44 10. 39 3.91 
Basswood.....--.-| . 8401. 6.30 4.92 || Hemlock... 2.22... | 6.28 3.78 62 

1 Maine, New Hampshire, Vermont, Massachusetts, New York, and Pennsyivania. 
2 Minnesota, Wisconsin, and Michigan. 
3 Maryland, Virginia, West Virginia, Kentucky, Tennessee, and North Carolina. | 

While the figures in Table 11 are based on many reports of actual 
sales of stumpage, they are of practical value only in showing the 
general tendency of prices in these regions. 

TABLE 12.—Average stumpage values of northern hardwoods for 1907 and 1912. 

| Northeastern States. North Central States. | 

: | | 
Species and year. Aver- | = Aver- 

age Of | araine ace. _| Ver- | New Fenn age of | oni Indi- 
five a Share mont. | York. | Whia two 0 | ana, 

States. : ae | States. 

| | ——_}—— —_—____ 
Maple | 

GO Tie ee ei $4. 37174 | $4. 30% | $4. 46% | $3. 2252 | $4. 8428 | $4. 746 | $7. 5589 | $7.19% | $7. 7954 
TOU eee st es eet ee 6.3848 | 4.8456 | 5.273 | 4.28% | 6.60% | 5.37100 7.6818 | 7.4286 7. 948 

Birch | 
TE DAG oe re ek Ree a ee | 4.90161 | 4.7850) 4.5026 | 3.523 | 5.6324 | 5.7000 1-6.50! |_....-.- 1 6. 504 
HO(e ee Sn ene 5.44261 | 4.896 | 5.679 | 4.8127 | 6.148 | 5.382 | 4.051 | 4.705 3.505 

Beech 
Ut ASS SS eee tt eee 3.6747 | -4. 3821 | 3.3922 | 2.722 | 3.022 | 4.2594 | 5.80% | 5.3638 6. 1056 | 
OT ieee ee es wees Se meen 4.2823 | 4.3552 | 4.8951 | 3.502 | 4.557 | 4.2874 | 6.1018 | 6.1578 6. 0655 | 

Basswood | | 
1G) Ty Gaga = eos a Se aS aan | 6.68127 | 5.8020 | 6.2518 | 4.9627 | 8.312 | 7.5941 |10. 2154 9. 5927 | 10. 8327 

ae eS ee See eae ee | 7.6824 | 6.0448 | 7.56% | 6.90% | 8.515 | 8.146 11.4310 sors 11. 2238 

1907 eS Sa 4.7476 | 3.007 4.6510 | 4.0715 | 5.0714 | 5.35% | 7.4289 | 7.1137 7. 6452 | 
TAS Ip ee teas OSS Se ee 5.4083 | 3.7125 | 5.258 | 4.252 | 6.1755 | 5.9331 | 8.59154 | 9.4376 | 7.7878 

Ash: 
107 ee | 7.99154 | 6.3826 | 8.202 | 6.2923 | 8.9123 | 9.15% 14.1989 | 13.0189 | 15.1150 
Th DPR ESSN aoe serene pets 6.6056 | 9.8526 | 7.48% | 8.977 | 8.807 ae 04159 45.8778 | 15.25% 

: 

Southern Appalachian States. 

Species and year. Average West | North eu CESS Mary- Vir- fo Ken- | Tennes- 
of six land inia Vir- tucky see Caro- States. $ ginia. | - : : lina. 

Maple | 
aOOV2s. Soh 42 oS Beet ee AS 32. 87108 $3. 147 $2. 7114 $1. 9925 $3. 41°29 $3. 0515 $3. 2512 
SE poe SD a Ses ere ae 3. 6818 0.3116 2. 70° 2.789 4.0197 3.842 3. 0949 

Birch: 
Sie cae Se Se oo | 2.4758 3.178 2. 758 2. 4226 2.254 2. 30° 2. 297 

= ee eS 2 ee he Peat 2 ee | 2.8170 4.059 3. 007 2.867 3. 00% 2.318 2.7024 
eech: 

POOES. APOOAE TALL. F509 | 2. 24105 3. 908 2. 619 1. 67% 2. 413 2.3616 | 2.002 
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FIG. 1.—CARLOADS OF SPLIT BoDY WooD AND SMALL ROUND WoobD. 

FiG. 2.—PEELING STEAMED HARDWOOD BOLTS. 

Practically all the species are used except the oaks, hickories, chestnut, and white ash. 

NORTHERN HARDWOODS FOR PAPER MANUFACTURE IN 
PENNSYLVANIA. 
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TaBLE 12.—Average stumpage values of northern hardwoods for 1907 and 1912—Contd. 

Lake States. 

Michigan. Wisconsin. 

Species and year. Aver- 

age of South- 
three | State | Upper|Lower| ern | State | North-| South- | yinne. 
States. | aver- | penin- | penin-| tier of | aver- | coun | eoun. | Sota. 

age sula sula cour age Aine fae 

Maple: 
MG OTR tetas hacia Ne Sa Sy! $3. 63156 | $4. 1792 | $1. 9122 | $4. 5564 | $8. 506 | $2.'7160 | $2. 6157 | $4. 673 $5. 134 
ie ope Von gen at eae na cei A208 NG aginea a miners wllee eeieeoe [ofa a ceters Be be [ar Ita ee 9. 8620 

Birch: 
GO eeeeee Mickie ha geass 4, 50167 | 4.9589 | 3.2423 | 5, 4964 TAPE RSV I a es ee 4, 2912 
TIGA aha Meena 8 Te PRO A oh RAH 18St GUA Ole eater ae Se Mass S oes ASG hie alee 5. 84.22 

Beech: 
GOGH D SER EN ea aha | 3. 0282 3.1175 | 1,426 2. 8963 Ce LTO DE OO TEES shir 5 3 aa ipl ae | eae 
AULD ee ste ate ap read vies. Hn FE Pane MOY VASA el ea Oe eee elem Pour Wy Pag Mens a Ts ese ON 

Basswood: : 
TOYO es Sity ees Ss ee eae 7.4218 | 8.2688 | 5.6123 | 8.9559 | 11.676 | 6.596 |... 22 ll]... lL... 5. 5010 

ae TIGERS AM Ree th GB es a SHO 2247 Guy aso eee ae ae 3 Freese wee Phen paler die ie see eC a a Soa 9.4139 
m: 

TAS Os Ue ete SoS See eae 6.10172 | 7, 4987 4.0319 | 8, 3462 DH Oo eas (21a ls a | eee ees 4, 229 

. aul SANG Peles Sate Nee ai ee GRG122 Tire S dra82 serrate rail sreiccere one listers clears Ey Qa is eee [eee Pa 6. 7033 
sh:- 
TO Sts ge A SN Re pees 6. 49156 | 7, 2490 | 4, 6421 We OSS a erlsl es: 83.5 (p54 359) iol enemas | eee 5. 797 
GUD SIE eee Sie aye GuS aon Sig Dae ee Ce ele tee es asaye lids) Srofajale DD. 30997); salem ethernet 7.362 

Note.—These figures are averages of estimates by timberland owners. The small numerals indicate the 
number of reports on which the averages are based. In the case of Michigan and Wisconsin, stumpage 
values in different parts of the States are shown for 1907 to indicate the effect of differences in accessibility 
upon stumpage values. Similar data were not obtained for 1912. The 1907 data are, of course, obsolete, 
and illustrate nothing except tendencies. Averages of actual sales of stumpage in 1912 are shown for these 
regions in Bulletin 152, ‘The Eastern Hemlock,” Table 10. 

MANAGEMENT. 

THE PLACE OF THE NORTHERN HARDWOODS IN FOREST MANAGEMENT. 

The practice of forestry by private owners is practicable in the case 
of certain quick-growing, valuable species, or, where wood in small 
sizes 1s in steady demand, for slower-growing species under short 
rotations, or on estates maintamed for recreation, hunting, or park 
purposes, in which the cost of maintenance is not charged against 
the stumpage value. In the case of the northern hardwoods, how- 
ever, management is, for the present at least, largely a matter of 

Federal, State, or municipal, rather than of private, concern. The 
need for such a supply can hardly be questioned. Softwoods will, 
of course, always be in greater demand, but for furniture, flooring, 
and finish, veneer, distillation, ‘‘novelties,’ and other uses for 

which the various northern hardwoods are peculiarly fitted, there wiil 
undoubtedly always be a market. The use of substitutes for wood 
and the importation of foreign hardwoods may retard increase in 
value; but in spite of a decrease in per capita consumption, the total 
demand may be expected to tax the capacity of a reduced forest 

area to supply it. | 
The agricultural value of much of the land now in hardwoods will 

cause it eventually to be cleared and tilled. This is especially true 

637°—Bull. 285—15——3 
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in the gentle topography of the Lake States. But the progress of 
development is a gradual one, and in the meantime the soil might 
profitably be kept in timber. Ultimately the forests, especially 

those of northern hardwoods, will be rather closely confined to moun- 
tain regions. The hardwood forests of the future will probably share 

with spruce and fir the narrow mountain valleys and slopes at mod- 
erate altitudes, where they will serve at once for steam-flow protec- 
tion and timber supply. Ridge tops and higher altitudes in the 
mountain and dry, poor, sandy soils elsewhere are better fitted for 
softwood than for hardwood management. 

Large bodies of old-growth northern hardwoods still remain under 
private ownership. From the standpoint of growth these represent 
idle capital, since they have long passed the age of rapid volume 
increment, and in many cases their growth is offset by decay. The 
holding of these for increase in stumpage value is of doubtful wisdom 
in view of deterioration, fire risk, msect damage, etc., and espe- 

cially the rapidly accumulating interest and tax charges. The owner 
has, therefore, every incentive to cut his timber and dispose of the 
land. With very little trouble such lands, when not put into farms, 

could be protected from fire and allowed to restock with ‘‘active 

capital” in the form of vigorous young growth. Under Federal and 
State action fire protection is rapidly becoming effective in many parts 
of the region and thrifty stands of second-growth now occupy soils 
which in earlier years would have been charred and barren. 

OBJECTS OF MANAGEMENT. 

The northern hardwood forest region includes such a wide variety 
of species, markets, climate, and topography that nearly all the rec- 
ognized systems of management have their place, and none is gener- 
ally applicable. For any particular tract the system used will 
depend also upon the object of management. This is often twofold, 
as when the forest affords both watershed protection and a timber 
supply. 

Ideally, forest management aims to secure the heaviest possible 
sustained yield of the best species. Practically, it can approach this 
ideal only so closely as is warranted by the cost of logging and the 
value of the product. The degree of the compromise varies with 
these two factors, and the possibilities are therefore greater in some 
regions than in others. Just as the rise in stumpage value warrants 
the private holding of timber as an investment under certain condi- 
tions, it may also, in extreme cases, warrant the public holding of 
forests until the time is ripe for more intensive management. 

Two considerations, however, point to the general advisability of 
the early removal of the old-growth timber. These are (1) the risk 

of loss by fire, insects, decay, wind, or other cause, of the stored-up 



THE NORTHERN HARDWOOD FOREST. oD 

erowth of centuries, and (2) the advantage of placing the stand on 
an active, producing, instead of an idle, nonproducing basis. The 
problem of management then becomes how best to dispose of the old 
growth so as to secure the most desirable composition of the ensuing 
stand of young growth. Before making cuttings the species which 
are to be favored in securing reproduction must be decided upon. 

CHOICE OF SPECIES. 

Wherever possible, a mixture of hardwoods and conifers is desirable. 
Mixed forests produce heavier yields of better quality, are more 

effective for watershed protection, and present less risk of total loss 
from various sources than pure forests. From the standpoint of 
ageressiveness conifers are not as a rule a menace to the supremacy 
of hardwoods on fertile soils. To secure natural softwood growth 
among hardwoods is, in fact, usually a difficult matter, requiring 
a high degree of technical skill. Red spruce, hemlock, and white 
pine are the best species to grow among hardwoods. 

Of the hardwoods, white ash, basswood, elms, black birch, yellow 
birch, and red oak are to be favored when in mixture with the more 

tolerant beech and sugar maple. Beech is usually the least valuable 
of the species, commercially, so that where possible it should be 
eliminated and its place given to better species. Its silvicultural value 
is high, but so closely resembles that of sugar maple that ordinarily no 
object is gained in keeping it in stands containing both. Sugar maple 
is the easiest of the intensive species to perpetuate in management. 
Its reproductive aggressiveness is such that in many regions it will 
_probably be necessary to discourage it in favor of softwoods and 
preferred hardwoods. The birches are of great present and pros- 
pective value, commercially, and their forest value is hardly less 
than that of beech and maple. Their maintenance in the stand 
should, therefore, be one of the objects of silviculture wherever the 
climate and soils are favorable. In the Lake States and at lower 
altitudes in the mountains the intolerant species—ash, basswood, 
elm, and red oak—should be given every advantage. As in the 
natural forest, these will require a commanding position in the crown 
cover. 

The most desirable composition of the stand will be determined 
chiefly by the climate and market conditions. In general it will com- 
prise a shady, tolerant understory and an intolerant overstory of 
the most valuable species, hard and soft. The understory will con- 
sist largely of sugar maple, but with as much yellow or black birch 
as can be secured, and possibly a subordinate growth of red spruce 
or hemlock. The overstory will be of ash, basswood, white pine, or 
elm, or of any combination of these that the climate permits and the 
local demand indicates. Where black cherry, red oak, walnut, or 



36 BULLETIN 285, U. S. DEPARTMENT OF AGRICULTURE. 

other valuable intolerant species are available, these should be 
favored. Together with ash they are best managed in small, exclusive 
eroups among the other species. : 

SILVICULTURAL METHODS. 

It is impracticable to discuss in detail all the possible methods of 
management. The method to be chosen depends not only upon the 
kind of timber present, but also upon the kind of logging, the market 
conditions, etc. Any method would probably have to conform to 
local logging practice. In every case the management should follow 
in general some definite, if elastic, plan prepared in advance. While 
every stand presents its own problems, there are certain generally 
applicable procedures which are dealt with in the following discussion 
from a strictly silvicultural point of view, the many economic factors 
being neglected. | 

The most marked differences in silviculture are in the methods 
employed in old-growth and ‘“‘second-growth”’ forests. 
Old growth.—The aim of silviculture in old-growth stands, as has 

already been pointed out, is to replace mature and unproducing with 
immature, producing timber in such a way as to maintain a sustained 
periodic (though not necessarily annual) yield, and, at the same time, 
improve the composition of the stand in the direction indicated under 
‘Choice of species,’ page 35. This implies a more or less gradual 
removal of the mature stand. For silvicultural as well as economic 
reasons, however, the removal must often be accomplished in a single 
cutting. The management will, therefore, approach two extremes: 
Clear cutting, after which the management will be that applied to 
second-growth stands; and the selection system, which is the nearest 
to nature’s method of general replacement in virgin stands. Between 
these extremes are the seed tree and the shelterwood systems. 

Clear cutting is justified silviculturally when there is good promise 
of seedling or sprout reproduction of desired species. The season in 
which the cutting is done is, therefore, of importance. Thus by 
cutting during a heavy seed year of a preferred and an ‘‘off” year — 
of an undesirable species it may be possible to control or modify 
the character of the reproduction. This may also be done by cutting 
early or late in the year, to avoid or take advantage of the season’s 
seed crop of a given species. Clear cutting may extend over a large 
area in a single season, the stand supplying its own seed for repro- 
duction, or be confined to a strip along the border of the stand, 
whence the area is seeded down. In stands containing basswood, 
clear cutting is usually followed by a vigorous growth of basswood 
sprouts which far outstrip all other vegetation (Pl. 1X). Since bass- 
wood will sprout, and apparently with success, from very large stumps, 
clear cutting seems well adapted to the perpetuation of basswood, 
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even in the virgin stands. It is the simplest and easiest method, as 
well as the cheapest, from the standpoint of logging; but it converts 
the forest immediately from an uneven-aged old growth to an even- 
aged young growth form, which may not be desirable if it is planned 
to perpetuate the stands on a long rotation basis, and especially if it 
is to serve partially for soil or stream-flow protection. 

To provide against failure of the reproduction because of fire or 
for some other reason, seed trees may be left. The ordinary rules 
regarding the selection of seed trees should be observed. These 
should be thrifty specimens of the desired species, well rooted to 
lessen danger from windthrow. Short trees with full crowns have 
correspondingly large root systems, and such should therefore be left 

for seed supply. Where more slender trees are chosen, they should 
be left in groups for mutual protection. The number left per acre 
depends upon the species and the location. To secure an imme- 
diate heavy seeding, two or three individuals or small groups of the 
light-seeded species (birch, elm, ash, etc.) should be left per acre; 
more trees are necessary for basswood, oak, etc. 

The plan of management may contemplate either the abandon- 
ment of the seed trees, in which case their stumpage value must be 
charged against the cost of the natural reproduction established, or 
their removal in a subsequent logging operation. It may even be 
planned to leave them as ‘‘standards,” until the succeeding crop of 
‘‘second growth” is logged. The risk from wind, insects, disease, 
etc., makes it advisable in any event to charge the value of the seed 
trees against the cost of reproduction. The unavoidable damage to 
young growth caused by removing the seed trees may be an item of 
some importance. Furthermore, the stumpage value of the seed 
trees may be close to the cost of planting the area with some desirable 
species. The alternative of planting should always, therefore, be 
considered before deciding to leave seed trees. 

The selection method is very well adapted to hardwood forests 
from a silvicultural but not from a logging poimt of view. The re- 
moval of carefully selected trees uniformly throughout the stand 
affords an excellent means of controlling the subsequent composition, 
and insures a sustained yield of increasing quality. But the trees 
removed will at first be of inferior value, probably too low to pay 
logging costs. Only a small percentage of the total volume of the 
stand will be removed at one time, and the trees will be so scattered 
that many roads will be necessary and handling charges will be very 
heavy. At the same time, this system is a difficult one to operate, 

requiring technical attention of a high grade. In its ideal form, there- 
fore, the selection system is not yet applicable in this country to large 
tracts of hardwood timber, except when the management involves 
some other object than money returns. 
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A practical modification of the selection system which has been 
recommended for northern hardwood management involves a cutting 
to a minimum diameter limit, which is not fixed but varies according 
to the average size of the timber and is higher for preferred and lower 
for inferior species. ‘To make logging financially possible, the cutting 
must be rather heavy and at rather long intervals. It is thus im- 
possible to control the species in the reproduction by regulating the 
light supply. On the other hand, this compromise is about the only 
one by which a sustained periodic yield could be at once provided for. 
Under many conditions the selection group method is the best that 

could be practiced. This is true particularly for stands containing 
intolerant species, whose reproduction may be favored by removing 
small groups of trees in the vicinity of the seed trees. Groups of in- 
tolerant seedlings, already started, may be freed in this way. White 
ash is a species well fitted for management by this method.t 
Two important considerations in management are the material 

which it is aimed to produce and the rotation necessary to produce it. 
Under silviculture the volume growth per acre may be expected to be 
much greater than the average in the virgin forest, equal at least, to 
the maximum shown in Tables 7 to 9. To ascertain what might be 
expected of beech under management, the most rapid diameter- 
growth rates for each one-half inch in radius of the beech trees on 
which the growth values in Tables 7 to 9 are based were selected and 
averaged by a curve. The resulting “‘selective’’ growth rate, with 
the per cent by which it exceeds the maximum, is shown in Table 13. 

TABLE 13.—Selective maximum diameter growth of Michigan. beech. 

Diameter breast-high. Diameter breast-high. 

Age. Pompe Excess over ee: Pomppsite Excess over| . 
maximum maximum 

Oe ine Taplow UBS in able y 
decades. : decades. : 

Years. Inches. Per cent. Years. Inches. Per cent. 
(ORR ee EGER | ANE Sr STOPES UAVS ese WB 102 
Qs Save, ioe 1.9 46 SOB See 552 103 
Bee ae 3.8 G5) ll! #3 90-5 Seen iPeS 101 
AQ 2S Iaass 5.9 79 10024223553 19.1 99 
he soases 8.3 89 Oi ee Ske 20.8 92 
602 eee 10.7 98 | 

Somewhat similar results are obtainable for other species. Trees 
in the open undoubtedly grow even faster than this, but it is at the 
expense of the long, clear log lengths of forest-grown trees. This 
accelerated growth represents an ideal to be approached under man- 
agement in which each tree would receive from youth up just the 

1See Department of Agriculture Bulletin 299. ‘‘The ashes: Their characteristics and management,’’ 

by W. D. Sterrett. 

2 This process was devised and applied by W. B. Barrows. 
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right amount of light for the most rapid growth consistent with good 
trunk development and the complete utilization of all sunlight by 
the aggregate crown cover. In the selection forest, growth at this 
rate can not be expected for all the trees all the time. Thinnings, 
heavy enough to permit rapid growth of the younger trees, would 
sacrifice a great deal of immediate volume increment per acre of the 
larger timber. In fairly even-aged timber managed under the shelter- 
wood system, however, the accelerated growth might be more nearly 
maintained for all individuals by judicious thinning. 

Young growth under virgin stands must usually be sacrificed in 
logging. There is little use in attempting to save it, since much of it 
has been so suppressed by shade that it is less vigorous than a new 
growth would be. If left exposed by the removal of much of the 
large timber, it would probably suffer great damage from wind, 
snow, and ice (Pl. XIV, fig. 1). Moreover the logging operations and 
the subsequent hauling break down a large proportion of the smaller 
trees, either killing them outright or causing them to lead a crippled 
existence, occupying valuable space to the exclusion of better trees. 
It is therefore advisable, in most virgin stands, to cut as cleanly and 

utilize to as small sizes as possible, thus clearing the way for a vigor- 
ous reproduction from the seed trees which are left. 

Culled forest—By culled forest is here meant a forest which has 
been culled of its best trees, but in which, usually, at least half of the 
original stand remains (Pl. I). Among the trees commonly culled 
from hardwood forests are white pine, red spruce, hemlock, bird’s-eye 
maple, curly birch, ‘“‘whitewood”’ or yellow poplar, cucumber, cherry, 
basswood, etc. Forests are often culled several times, a different 
species being removed each time to fill a special demand. This tends 
to simplify the composition of the forest, and also to decrease its 
value, while the power of the more highly prized species to compete 
with the others in the second growth is curtailed by the decrease in 
their seed supply. 

The openings left by the removal of the scattered trees or groups of 
trees admit sunlight to the soil, and the openings soon become filled 
with young trees. These patches of young growth, when fairly 
abundant, form the basis for the management of the stand. All 
logging should be conducted with special reference to preserving and 
extending the stand of young growth. The merchantable timber 
should not all be removed at a single cutting, but enough of it should 
be left to warrant a second cutting at a later date. The trees left 
standing will serve to seed down the soil and fill up most of the gaps 
between the already existing groups of reproduction. The increased 
light which the remaining large trees receive will not only increase 
their seed production, but will accelerate their growth. The second 
cutting should be made after from 5 to 10 years, when the ground is 
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well stocked with a thrifty reproduction, plentiful enough to be 
mutually protective. 

Care should be taken to remove at the first cutting: (i) Trees of 
species not wanted in the reproduction, such as beech when in mixture 
with yellow birch, sugar maple, and other more valuable species; 
(2) damaged trees, liable to depreciate before a second cutting, and 
(3) heavy-foliaged, limby trees which shade the ground too thor- 
oughly for successful reproduction and would be apt to damage 
young growth when removed. Where the reproduction groups are 
numerous, it will often be necessary to fell trees toward each other so 
that the damage from their fall may be reduced to a minimum. 

As a result of the first cutting, there will thus be left a uniform but 
rather open stand of sound, well-shaped trees of the best species, 
interspersed with groups of well-started young growth. The increased 
light and root space stimulate growth in both the old and the young 
trees, prepare the soil for seed, and increase the seed supply from the 
large timber. Within 5 or at most 10 years the reproduction may be 
expected to be complete over all well-lighted spots. The remaining 
merchantable trees, now considerably larger owing to their growth 
since the first cut, are then felled with the greatest care to minimize 
the damage to the reproduction. If the fellmg and removal of the 
first crop is carefully done, such gaps as remain in the reproduction 
will not be large, and will, in most casés, result in increased growth 
of the adjacent stand due to the abundant light thus admitted. 
Second-growth.—Under this title are included all young hardwood 

stands, whether they result from the removal of older stands, from | 
fire, or from any other cause. In composition such young stands 
vary even more greatly than those which preceded them, for they 
contain great quantities of small, weedlike species, like fire cherry, 
dwarf maple or ‘‘moose maple,’ aspen, etc., which, on account of 
their short lives or intolerance of shade, do not remain long in the 
stand. 

_ Sprouts commonly form a large proportion of the second-growth 
after logging. They spring abundantly from most hardwood stumps, 
large or small, but those from large stumps are rarely thrifty, except 
in the case of basswood and chestnut (Pl. [X). Among them appear 
various small annual weeds, like ‘“‘fireweed”’ (Erechtites hieracifolia 
and Eupatorium sp.), blackberry briers, fire cherry and other small 
trees, and finally forest-tree seedlings. Though not always the last 
in this succession, seedlings of the desired kinds often find difficulty 
in growing up through the tangled masses of vegetation which follow 
clearmg (Pl. VI). Thus yellow birch must come in, if at all, within 
a few years after the land is cleared, or other vegetation will be apt 

1 The management of second-growth hardwoods is discussed in Bulletin 176 of the Vermont Agricul- 

tural Experiment Station, Burlington, Vt. 
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Fic. 1.—PARTIAL CUTTING IN OLD-GROWTH HARDWooDS. MCKEAN COUNTY, PA. 

Too much of the stand was taken, and the slender trees left were bent or uprooted by snow 
and ice the following winter. Either more trees should have been left or the stand should 
have been clear cut, as in fig. 2. 
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Fic. 2.—CLEAR CUTTING IN SECOND-GROWTH HarDwoobs. CATSKILL MOUNTAINS, N. Y. 
a 

TWO WAYS OF CUTTING NORTHERN HARDWOODS FOR CHEMICAL 

DISTILLATION. 
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YEAR-OLD STAND OF MIXED HARDWOODS 

This d for fuel 
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Fia. 2.—LIGHTLY THINNED YELLOW BIRCH STAND IN NEW HAMPSHIRE; ABouT 45 
YEARS OLD. 

IN SECOND-GROWTH STANDS. THINNINGS 
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to forestall it and shade it out; beech and maple, however, are less 
exacting. To induce sprout production, the cutting should be done 
during the season of vegetative rest, from late fall to early spring, 
and the stumps should be cut low. 

In respect to the ultimate size and quality which they attain, 
seedlings are much superior to sprouts. In beech, as has been seen, 
sprouts rarely or never attain merchantable size in the North. Maple 
and birch sprouts, however, like most of the other common hardwoods, 

often grow rapidly and well to a moderate size, suitable for cordwood. 
_ Only the small stumps, 6 inches or less in diameter, should be chosen 
for sprout production, and wherever possible all but one of the many 
sprouts which appear on each stump should be removed. Such a 
thinning will result in the vigorous and rapid growth of the remaining 
sprout. Basswood is second only to chestnut in sprouting capacity, 
and sprouts of log size are often found = pEimeie from stumps 2 or 3 
feet in diameter. (Pl. IX.) 

Aside from the cutting of sprouts, the young stand will need little 
attention for 5 or 10 years. During this time it will have succeeded 

in killing out most of the blackberry and other competing shrubs, 
while many of the fire cherry and other short-lived, light-needing 
species, and even some of the maple and beech saplings, will have been 
choked out. At this period in its life the young growth commonly 
forms a dense thicket of slender saplings, 8 or 10 feet high, in which 
erowth is quite slow, owing to the intense crowding. If from one- 
third to one-half of the young trees are now removed, so as to give 
more hght and growing space to those which remain, the survivors 
will at once put on foliage and begin to grow vigorously until their 
crowns once more crowd each other. (Pl. XV, figs. 1 and 2.) The 

first thinning, which takes out entirely useless material, can be 
expected to pay for itself only in the increased growth of the stand, 
hastening the time at which it may be properly cut. Subsequent 
thinnings, however, besides resulting in rapid growth, produce a 
merchantable yield which may not only pay for the thinning, but 
may also give a small profit. 

The aim in all thinnings should be to remove enough trees to 
prevent danger of crowding for several years to come, and at the same 
time to leave enough trees to utilize fully the increased light and to 
prevent the growth of grass and weeds on the soil beneath them. 
Damaged, poorly formed, and small trees should be removed in pref- 
erence to the more vigorous ones, and the quality of the stand should 
also be improved by removing thie least desirable species. 

Wood-distillation factories in the East (notably in the Catskills) 

have already taken steps toward the management of second-growth 
hardwoods, and have bought mountain lands in quantities sufficient 
to supply them perpetually on an estimated yield per acre basis. 
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The stands are unthinned and are customarily cut clear, the largest 
timber being the first cut. (Pl. XIV, fig. 2.) With the introduction 
of thinnings and possibly of the shelterwood system of reproduction 
cuttings, both the yield and the composition of these stands could 
be materially improved. In the case of the thinned stand illustrated 
(Pl. XV, fig. 1) as plot No. 18 (p. 27) the owner realized a substantial - 
profit in addition to a good stumpage value for his thinnings, and at 
the same time left the stand in a very much better condition as to 
species and growing space. With improving tax laws and increasing 
stumpage values, the opportunities for intensive management of 
second-growth hardwoods can not fail to extend. 

APPLICATION OF PRINCIPLES OF MANAGEMENT IN TIMBER-SALE PRACTICE. 

The method of applying the principles governing management in | 
any particular region is illustrated im the following provisional 
schedule of instructions proposed for timber-sale practice on Federal 
land in the White Mountains of New Hampshire. 

Principles Governing the Marking of Northern Hardwoods in National Forest Timber- 
Sale Practice in the White Mountains. 

OBJECTS OF MARKING: 
In general, the objects of marking will be: 

(1) To secure a reproduction of desirable species. 
(2) To remove a practicable cut for the operator under the actual local conditions 

as to marketable products. 

(3) To improve existing stands through the removal for utilization of (a) large 
mature timber; (5) smaller trees when decayed, insect infested, or otherwise defective; 
and (c) trees of the less valuable species; and through thinnings to increase the growth 
of preferred species. : 
The markings will vary in detail according to the composition of the forest type, 

the topography, aspect, etc. In general, the following variations in composition may 
be distinguished: 

OLD-GROWTH YELLOW BIRCH, BEECH, AND HARD MAPLE: 
(a) With mixture of spruce, balsam, or hemlock. 
(6) With mixture of white pine or tamarack. 
(c) With mixture of ash, elm, basswood, or red oak. 

(d) With mixture of paper birch or aspen. 
(e) With beech predominating. 
(f) With yellow or black birch predominating. 
(g) With sugar maple predominating. 

YOUNG-GROWTH HARDWOODS (EVEN-AGED): 

(a) Pure or mixed stands of yellow birch, beech, and maple with and without 
mixture of conifers, ash, elm, basswood, and oak. 

(6b) Pure or mixed stands of paper birch and aspen, with subordinate conifers or 
hardwoods. 

MARKING IN OLD-GROWTH HARDWOODS: 

(a) With mixture of spruce, balsam, or hemlock: 
Wherever practicable, conifers should be encouraged among the hardwoods, to 

increase the value and size of the future yield and, on watersheds, the protective value 
of the forest. With tolerant conifers this should be attempted by selection cuttings 
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among the hardwoods, aimed to free the crowns of the conifers. On steep slopes and 
in exposed situations the cuttings, if done at all, should be very light. Where danger 
from windthrow is slight the hardwoods should be marked heavily, but the stand 
should be left sufficiently dense to afford reasonable protection from the wind. The 
severity of the cutting should be expressed in terms of the crown classes and species 
to be removed. If preferred, the approximate percentage of the merchantable timber 
corresponding to the species and crown classes designated for removal may be added. 
When even-aged groups of small hardwoods or conifers occur among older timber 

they will be thinned, provided marketable material can be obtained. In groups of 
small yellow birch, for example, considerable hub and bobbin stock may be avail- 
able, but care must be taken not to thin too heavily. The same care should be used 
in thinning groups of small soitwoods for pulpwood, etc. Not more than a third of 
the trees comprising the dominant stand should be removed, together with all the 

subordinate trees that are merchantable. 
Brush should be lopped and scattered. 
(6) With mixture of white pine and tamarack: 

As a rule, only widely scattered seedlings of pine or tamarack can be expected to 
succeed under hardwood shade or in competition with hardwood reproduction. 
Mature trees of these species should therefore be removed in the first selection or shel- 
terwood cutting. Small or oppressed individuals should be freed and left for incre- 

ment and whatever scattered reproduction they may succeed in starting. 
Brush should be lopped and scattered. 
(c) Wirth mixture of ash, elm, basswood, or red oak: 

The light requirements of ash, elm, basswood, and red oak prevent their successful 
reproduction under heavy shade. Where these species occur in the stand, however, 
their reproduction should be the main object of management. This can best be 
accomplished by local shelterwood cuttings. These should remove the stand in two 
cuttings separated by a period of 10 or 20 years. The first cutting should be heavy, 
reducing the crown cover fully one-half, removing the trees of all the lower crown 
classes, and leaving large-crowned trees of the more valuable, less tolerant species to 
restock. 

- Brush should be lopped and scattered. 
(d) With mixture of paper birch or aspen: 
Where trees of these species occur individually among old-growth hardwoods, they 

should be removed in the selection cutting in favor of the longer lived species, if a 
market exists, except where they are not competing strongly, in which case they may, 
if thrifty, be left for a subsequent cutting. Where birch and aspen form pure groups 
among hardwoods they may be thinned, if practicable, and the most promising indi- 
viduals left for a subsequent cutting. If promising reproduction is beneath them, 
however, such stands should be cut as clean as the possibilities of utilization will 

permit. 

Brush should be lopped and scattered. 
(e) Old-growth with beech predominating: 
The object of management should be eventually to replace the beech with some 

species of greater promise, except on steep slopes, where the cuttings necessary to 
accomplish this might cause serious erosion. The shelterwood method is best adapted, 
approaching the clear-cutting-with-seed-trees method where the stand runs especially 

heavy to beech. If it can be done without loss to the operator, all merchantable 
beech shall be removed, together with only those trees of other species which are 
defective or whose presence is unnecessary to preserve the uniformity of the shelter- 
wood, or to serve as seed trees. Where possible, the logging should precede rather 

than follow a heavy production of beech seeds. 
Brush should be lopped and scattered so as to lie close to the ground. 
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(f) Old-growth with yellow birch predominating: 
The shelterwood method is applicable in stands running jacely to birch. The 

first cutting should remove about 50 per cent of the upper crown cover. The remain- 
ing half of the upper crown cover should include the crowns of thrifty yellow birches 
and less tolerant species like ash, elm, oak, or bass wood, whose reproduction is 
desirable. Where groups of thrifty young growth of mixed species exist these should 
be lightly thinned and left for subsequent cutting. The subordinate stand should 
be removed if merchantable, except that especially thrifty small and large poles, 
well situated as to ight and protection from wind, may be left for a later cut, in the 
discretion of the marker. 

The brush should be lopped and scattered. 

(9) Old-growth with sugar maple predominating: 

According to the composition of the stand, the management should follow the prin- 
ciples laid down in (a), (6), (c), or (d). In general, the management should aim (1) 

to eliminate beech and other species of lesser value, (2) to perpetuate sugar maple, 
or (3) in the presence of more valuable species, to increase their proportion in the 
stand at the expense of the maple. Provisions aiming to secure (1) and (3) are given 
above. Maple is the most aggressive reproducer in the forest, of the northern hard- 
woods. To perpetuate it either the selection or the shelterwood method may be used. 
The severity of the selection cutting should be expressed in terms of the crown classes 
and species to be removed. If preferred, the approximate percentage of the mer- 

chantable timber corresponding to the species and crown classes to be removed may 
beadded. Unless it increases the danger of windthrow or results in loss to the operator, 
marking will be lighter in stands containing a large proportion of thrifty young and 
middle-aged timber, and heavier in stands containing a large proportion of mature 
and overmature timber; except that on steep slopes the cutting should be very 
light. When crowded groups of small trees occur among older timber they will be 
thinned, provided they contain marketable material. 

- Brush should be lopped and scattered. 

YOUNG-GROWTH HARDWOODS (EVEN-AGED): 

In young hardwoods, cuttings should be restricted to (1) improvement and incre- 
ment thinnings in stands of the tolerant, longer-lived species, and in immature stands 
of intolerant, short-lived species (aspen and paper birch), wherever merchantable 
material can be removed practicably; and (2) to clear cuttings of aspen and paper 
birch which have reached physical maturity. 

(1) The thinnings should remove (a) merchantable defective trees, (b) merchantable 
trees of the less valuable species in the stand, (c) not over 50 per cent of the trees 
comprising the dominant, codominant, and intermediate crown classes, and (d) all 

merchantable trees of the subordinate crown classes. The degree of thinning should 
depend upon the stem density of the stand and the consequent degree of windfirm- 
ness which the individuals will be likely to possess when the stand is opened up. 
This must be judged on the ground by the person conducting the marking. 

Brush should be lopped and scattered. 
(2) To reproduce these stands in situ early spring clear cutting should be practiced. 

Aspen root suckers and birch stump sprouts which result will probably grow rapidly 
enough to take care of themselves if the competing hardwood growth is not too abun- 
dant. Where a desirable reproduction of conifers or hardwoods exists, all mer- 
chantable birch and aspen should be removed, with care to prevent damage to the 
reproduction. 

Brush should be lopped and scattered. 
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SPECIES MENTIONED IN THIS BULLETIN. 

UMIIGIOTES Sieg S ase A a Alnus sp. 
LTE SOLVES ees eg Thuja occidentalis Linn. 
\SIOS IDIEVCISS a Cenes 8a tsa arene ee Saag e Fraxinus nigra Marsh. 
ASIN: SIMS ok eacces 65 er Frazinus americana Linn. 
ASOD 5.5 Boo bape son 5 as ene re Populus tremuloides Michx. 
Ape, tance LOOtse oho... 2.22. f Beppe Populus grandidentata Michx. 
Pralitn@ia GNCAC esate ose c ee kc. Sle Populus balsamifera Linn. 
Balsam fir. (See Fir.) 

BERS WOOC cog ote Sos CR Oe eee Tilia americana Linn. 
IB@SC 2 Soe Fas SBR s Bee eee Fegus atropunicea (Marsh) Sudworth. 

Birch, black (“‘sweet,’’ ‘‘cherry”’)........ Betula lenta Linn. 
HBIne WM OTA (GuW DLC 7) ene sa eo oe a 5 Betula populifolia Marsh. 
Birch, paper (‘‘white,’’ ‘“‘canoe”).....-... Betula papyrifera Marsh. 
Birch, yellow (‘‘gray,’’ ‘‘red,”’ ‘‘silver”). Betula lutea Michx. f. 
(CLiveranyy, | DIRK Se RS Uae eee rar Prunus serotina Ehrh. 
Cherry, .ure (Ccpin,’? “wild red”).22...... Prunus pennsylvanica Linn. f. 
CINES ENTS Sess eee Bc He ee ee ae Castanea dentata (Marsh) Borkh. 
(CULT KSPR Ie Sooke U6 oS OCs Magnolia acuminata Linn. 
Lm CORK (G TOC bard \e sect. Ulmus racemosa Thomas. 

ialbiny, Sib oy Oyen rneye 7) see he eee Ulmus pubescens Walt. 
iPlmyecwaate Cleva yee: SOlte eee. ~cc.- = Ulmus americana Linn. 
IDE, ISBNS See ee Se Seo Be aeons ae Abies balsamea (Linn.) Mill. 
Ciuma-slacke (sou as. sere, yey eisiaiciens ci « Nyssa sylvatica Marsh. 
Grima redi CcSwWieGtc. a. - sects Secieceie ie w= os Inquidambar styraciflua Linn. 
JBUCTUNOC] ce & SES ae oe ee Eee ee Tsuga canadensis (Linn.) Carr. 
JBRVCI RON i, cc cate ere eae ete een cd Hicoria sp. : 
ironwoodkC hornbeam 2 .2ee./2 Bost: Ostrya virginiana (Mill.) Koch. 
WWLevain@l Bay 2s Oaks ea el a Magnolia sp. 
IMG ONES | HEC? eee ee Acer saccharum nigrum (Mich. f.) Britton. 
Manolo pred ere ae... Acerrubrum Linn. 
Male saul err felt cr ee Soot ee +. - Acer saccharinum Linn. 
Maple, striped (‘‘moosewood”).....-..--- Acer pennsylvanicum Linn. 
INTAY Outs SUITES = Je ae I eee eee Acer saccharum Marsh. 
ikeetedeamn ae ete ek Quercus rubra Linn. 
WtkeenyMateremnn et ee ee Quercus alba Linn. 
NG. (OC e ss aS Sa ae Pinus divaricata (Ait.) Du Mont de Cours. 
fume emonway (Fed! )inf(2.. 26) 22S Pinus resinosa Ait. 
IPO. Gy DTG Sees oa eel er Pinus strobus Linn. 
howlarayellow.c¢.tulip”’) 2.2 ..:..-2-....- Liriodendron tulipyfera Linn. 
Poplar. (See Aspensand Balm of Gilead). 
SORMGSS EKG ee See ee ee ee eee Picea mariana (Mill.) B.S. P. 
STEICO), TRC I eee as ae Picea rubens Sargent. 
SICIMGSS STOUR Picea canadensis (Mill.) B.S. P. 
Neon OFC eae ee a Se Soe Platanus occidentalis Linn. 
Warmarack (‘larch’). .... . eieeaers 1 Sy a Larix laricina (Du Roi) Koch. 
Bueno eee eee Juglans sp. 
Bi alloscmeemn lm i og eek seers exe Salix sp. 
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APPENDIX.! 

VOLUME TABLES. 

BOARD-FOOT VOLUMES. 

The following tables give the average volumes in board feet of forest-grown beech, 
basswood, yellow birch, and sugar maple trees of different sizes, in terms of the number 

of possible 16-foot logs and half logs in the tree. Since among trees of the same size 
some will be straight and usable to a small diameter at the top, while others break up 
into branches at considerably larger diameters, the Lake States measurements were 

separated on this basis, and appear in three tables, headed maximum, average, and 

minimum utilization. The tables from the other regions represent only the average 
utilization. 

The tables were prepared by the Scribner Decimal C rule, and show in each 
case the stump height, top diameter limit, and number of trees on which they are 
based. ‘‘Diameter breast-high” is the diameter at a height of 44 feet. The tables 
are based on measurements of sound trees of normal shape only. 

TaBLE 14.— Yellow birch in New Hampshire,' volumes in board feet. 

Number of 16-foot logs. 

= Diam- 
jameter eter 
preast- | 3 | 1 | een gy Gans | 3 | inside | POUMP | Basis. 
high. Ark |) ec ome 

of top 

Volume—board feet in tens. 

Inches Inches. Feet. Trees. 
7 1 1 2 Sy col Sheeess ISBaocel Heer 6 PAL 2 
8 1 2 2 3 Ep SPSS EL =. 6 Presi 8 
9 1 2 3 4 jys//3| eroeral ee Uf PP? 24 

10 2 3 4 5 Gi ee eles Bie 7 202, 43 
j1 2 4 5 6 Seber: Shey. 8 252; 44 
12 3 5 6 8 (2) aoe: sree tag ara 8 2.2 45 
13 3 6 8 9 Jub A) ae epee Re eae 9 24 9e 36 
14 4 7 9 11 13 AN eyceret. 9 PAS 83 35 
15 4 8 11 13 15 LG eeeest 10 23 47 
16 5 10 13 15 17 HS ti | Pere 11 253 40° 
ize 6 11 15 18 20 PA Lr | ae 11 2.4 a 
18 Uf 183 17 20 23 PAS os tN EN 12 2. 4 38 
19 8 14 20 23 26 PAE et WA le 13 2.4 36 
20 9 16 22 26 30 33 36 13 255 39 
21 10 18 25 30 34 37 41 14 225 28 
22 11 20 27 33 38 42 47 15 2.6 21 
23 13 23 30 36 42 48 53 15 2.6 24 
24 14 25 33 40 47 53 59 16 QT, 21 
25 15 27 36 44 51 58 64 16 PAG 23 
2G ial 30 40 48 56 63 70 LZ 2.8 17 
PH hy ee eee 33 44 52 61 69 76 18 2.9 14 
PSE see ee 36 48 57 66 74 82 18 2.9 17 
D9 tall Ry oe eee 52 62 71 80 88 19 3.0 7 
SOG SS alee 57 67 77 86 95 20 SOK i ceenanars 
eB at |e see aR Sea Hale a 72 82 92 101 20 3.1 5 
ae eras occ lsterevoners lets 78 88 98 108 21 Sel 5 

651 

1 Grafton County. 

Pecos eee as cut, 10 to 16 feet long, by Scribner Decimal C rule. Utilization as close as form of tree 
allowed. 

1 Credit is due to W. B. Barrows, of the Forest Service, for the working up from field data of all the 

tables in the Appendix not credited to other sources. 

47 
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TABLE 15.— Yellow birch in the Lake States,1 volumes in board feet. 

AVERAGE TOP DIAMETERS. 

Number of 16-foot logs. 

Dianeter |=... D aes 
breast- ret | 2 | 2h | 3 | 31 saSite {Basis 
high. bark o 

3 top. 

Volume—board feet. 

Inches. Inches. Trees. 
8 23 BT PP SEASS MAP EEO eS ae 6 11 

9 30 PLS ace eet ean erie | KER er 6 17 
10 36 54 72 QD eres 6 26 
11 43 63 84 OO) @izeee eee 6 17 
12 50 73 97 LAD in| eee ee) 7 OAT 
13 57 83 110 140 170 7 20 
14 65 94 130 160 190 uf 16 
15 73 110 140 180 210 8 8 
16 82 120 160 200 240 8 16 
AEA eeecieercre 140 180 230 270 9 15 
Ife Sed eet eestest 160 210 260 300 9 15 
1 AS es Pie a eae 180 230 290 340 10 13 
PAU etl esta 200 270 330 380 i0 9 
PAL ge |p ee 230 300 370 430 11 6 
DD a tl een 260 340 410 490 12 3 
Pip Nae |e eee 290 380 460 550 12 5 
DA all se Ae ce 330 430 510 610 13 4 
DAS Aes eea te Wa 360 470 570 680 14 4 
DRO Vr NR eis at 400 520 630 750 15 2 
PEN | eter ine 440 570 690 830 Set SE SES 
Dives Se 480 620 760 900 16 1 
DOW Raat 520 670 830 980 7 2 
BOS licdee cosas 560 720 900 | 1,050 Update || aes aha a 

1 Gogebic and Wexford Counties, Mich.; Marinette and Vilas Counties, Wis. 

Scaled from taper curves by Scribner Decimal C rule; mostly in 16.3-foot logs, with a few shorter logs 
where necessary. Stump height, 1 foot. Average utilization. 

TABLE 16.— Yellow birch in the Lake States,’ volumes in board feet. 

MINIMUM TOP DIAMETERS. 

Number of 16-foot logs. 

i Diameter 
IDAs) Soe ani SP Be 
breast- 2 | OL | 3 | 3k | 4 | ay |) dagide) Basis: 
igh. | |} 

Volume—board feet. 

Inches. Inches. Trees. 
8 32 43 Ope] keke Bee el eee ie Ses ayers 6 11 - 
9 40 52 OG ays eee | ps eae 6 17 

10 49 62 78 Qa es ee lr ae 6 26 
11 58 73 90 NY OM (Rap aoe | a 6 17 
12 69 85 100 130 MAO) ives 2 be 6 27 
13 81 98 120 140 HOO MEAS Ree ae 6 20 
14 94 110 130 160 SOR eis ho 6 16 
Basie Pie ey chet A 130 150 180 210 240 6 8 
1G lee 150 170 200 230 270 6 16 
Lid, eal cis ste eS |e eae 190 230 260 300 6 15 
IUCr erie te Re a 220 250 290 330 6 15 
1 |= ee el epee 240 280 330 370 6 13 
ZO) vena tel fa erick oe 270 320 360 410 6 9 
ds Ene eapecrerer: Maes Eva Sd 310 360 410 460 ei 6 
7p )at\' eerehenetn ee Ps Sys ON 350 400 450 510 i 3 
DR Satel beeen en Web ee A. 390 450 500 560 8 5 
Dail | ape asp ans | 440 500 560 620 8 4 
Oma seers a) | ee enn 480 550 620 690 9 4 
2.0 | ews ell ees 540 610 690 760 10 2 
AT fil babar oma Perec 590 670 760 840 NO} ae Se ere 
A hire Ry meeh ee al Nee te 650 740 830 920 11 1 
AS A RR ana oath We 710 820 920 1,010 12 2 
SO Sal sarrerctes all coer 780 890 | 1,010 | 1,100 1333) (eaeeees 

237 

1 Gogebic and Wexford Counties, Mich.; Marinette and Vilas Counties, Wis. 

Scaled from taper curves by Scribner Decimal C rule; mostly in 16.3-foot logs, with a few shorter logs 
where necessary. Stump height 1 foot. Close utilization. 

Stn ante 
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TABLE 17.— Yellow birch in the Lake States,! volumes in board feet. 

MAXIMUM TOP DIAMETERS. 

Number of 16-foot logs. 

. Diameter Diameter eee 
ig 1 inside : breast 1 | 13 | 2 banwor Basis. 

high. t 
op. 

Volume—board feet. 

Inches. Inches. Treés. 
8 BBY: ea Se ee a 7 11 

9 AAS || Seen es |e U 17 
10 33 E51 So Ge ae Sse 8 26 
11 39 BO lees. 8 17 
12 45 75 110 9 PA 
13 52 87 120 10 20 
14 60 100 140 10 16 
15 68 120 150 11 8 
16 78 130 170 12 16 
17 88 150 190 12 15 
18 98 170 210 13 15 
19 110 190 240 14 13 
20 120 210 260 14 9 
21 140 240 290 15 6 
Pee 150 27 320 16 3 
23 170 300 360 17 5 
24 190 330 400 iy 4 
25 210 360 450 18 4 
26 230 400 500 19 2 

: 27 260 440 550 NO mE eee 
28 280 480 600 20 | 1 
29 310 520 650 21 2 
30 340 570} 710 DOE lisse 

} 

| 237 

1 Gogebie and Wexford Counties, Mich.; Marinette and Vilas Counties, Wis. 

Sealed from taper curves by Scribner Decimal C rule; mostly in 16.3-foot logs, with a few shorter logs 
where necessary. Stump height 1 foot. Poor utilization. 

TABLE 18.—Beech in New Hampshire,: volumes in board feet. 

Number of 16-foot logs. 

. Diameter Diameter a | 
24 at 4 1 1 inside | Stump P 

Se > | 1 igs 2 24 3 | 33 bark of height. Basis. 

gh top. 

Volume—board feet in tens. 

Inches. Inches. Feet. Trees | 
7 1 1 re APSE cy i beara Saree || Seanad bb wea Ge) 7158 al 
Beant Lt 2 By ie oy coe ee iar | ene 6 128 3 
9 2 3 4 E55 | Sess ee | es | ee if 1.9 4 

10 2 4 5 GY |e ee ee (eee 8 1.9 Val 
11 3 4 6 8 0) S| Pasay Eel (ean © 8 2.0 24 
12 3 6 8 9 1d eas SA eee 8 9 2.0 35 
13 4 7 9 il 13 i lessee eee 10 2.0 45 
14 5 8 11 13 16 a org] | eee Bs 11 PAL Aj 
15 6 10 13 16 19 21 24 11 ell 45 
A oa ee 11 ike 19 22 26 29 12 2.1 43 
I, wide. - 13 17 22 26 30 34 13 DED, 37 
TRE yf oe e tiesice ok | 20 26 30 35 39 13 age 28 
TICE es ete) Ps 23 30 35 40 44 14 QED, 10 
DALY Sra ies (eta |S Eee 34 39 44 49 15 22, 18 
NG etapa yee = ee! a 38 44 49 54 15 Da? 11 
Oo geen ln aS 42 48 53 59 16 PAG} 11 
Soe aN 5 |e | be a 46 52 58 64 iF/ 23 | 8 
Foil FS aie he pen | | pe 49 56 62 69 17 2.3 | 1 

| 376 

1 Grafton County. 

ees sealed as cut, 10 to 16 feet long, by the Scribner Decimal Crule. Utilization as close as form of tree 
allowed. : 

637°—Bull. 285—15—4 
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TaBLE 19.—Beech in Pennsylvania, volumes in board feet. 

Number of 16-foot logs. 

Trees. 

1 McKean County. 

Height of stump, 1.5 to 3.3 feet. Scaled by the Scribner Decimal C rule. 

TABLE 20.—Beech in Michigan,: volumes in board feet. 

AVERAGE TOP DIAMETERS. 

Number of 16-foot logs. 
Diam- 
eter 

3 33 inside | Basis. 
bark of 

top. 

Inches. Trees. 
6 2 
6 13 
6 20 
6 11 
6 23 
6 22 
7 30 
re 19 
7 25 
8 26 
8 28 
9 14 
9 14 

10 9 
10 6 
11 7 
12 8 
12 4 
13 3 
14 1 
ISS Weosaaxe 2 

285 

1 Wexford County. 

Scaled from taper curves, by the Scribner Decimal C rule, mostly in 16.3-foot logs, with a few shorter 
logs. Stump height, 1 foot. Average utilization. 
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TABLE 21.—Beech in Michigan,' volumes in board feet. 

MINIMUM TOP DIAMETERS. 

Number of 16-foot logs. 

3 Diam- 
Diam- 1 

CEE eek, | pig .|o5~-|—3- -|--33-| pI insid pre 5 = eee Pree | 5 inside Basis. 
high | | bark of 

57 top. 
Volume—board feet. 

| | | 
Inches. | Inches. Trees. 

Guil-ganeaone basa peo t|. cs ae ea gas <2 e oe Sh ete & 6 9 
Pelnety ith Gal (eal Saeaes | eaeesrga a a PRE G1) A ae ge eee aie A 6 13 
8 18 29 41 ENS «VSR Se Us Saree) eee ec) Re | Sc 2 6 20 | 
9 19 31 44 60 Ui! Pl LR gee Ae es al Pa I) Oe ee 6 11 

10 20 33 48 66 86 TOO 3 Esk eek ee ee ee 6 23 
il A: 35 54 73 96 120 ree | eae ee ee 6 22 
12 22 38 60 81 110 130 160 PAUL | 3 eee Gear 6 30 
ES: As See 40 66 89 120 150 190 230s Eee ee ae 6 19 
Rae hs Se 43 Z 98 130 170 210 DANNY ol (sae eee Get 25 
1 ee ie See | ee 81 110 150 190 230 280 330 6 26 
LG |e ee Sa) ee 90 120 170 210 260 310 360 6 28 
17 | ike ao] 8 eee 130 180 230 290 340 390 Ga’ 14 
1 fyi | (ee ee ee 2 140 200 260 320 370 430 6 14 
RO ee ee eRe fs a 230 300 360 420 470 6 | 9 
AN Me | Pe ae wl tee ged 2) Se RE Pe 250 340 410 470 530 6 | 6 
A Hie | ie ee 8 RE «2 2) ee: a ee ee 390 460 530 600 Til 7 
evita | Wao eo) ay eae | S| PEE ee) SX POS ie OE See 450 520 600 670 Tian 8 
Sn | fe eco seb See OF Rape eee At aS Se 520 590 670 750 San 4 
DATES. | Se Ss SO fs eS ee AD Pe SIN 2s 590 670 760 850 Sa 3 
TESS | bap end ieee st Se ees) ee 8 Se ae 660 750 850 950 9 1 
AATyon | ie cae i") (2 Pa ae ae > ek Bt ae 750 850 940 1,040 LOG ee 

285. 

1 Wexford County. 

| Sealed from taper curves, by the Scribner Decimal C rule, mostly in 16.3-foot logs, with a few shorter 
| logs. Stump height, 1 foot. Close utilization. = 

TABLE 22.—Beech in Michigan, volumes in board feet. 

MAXIMUM TOP DIAMETERS. 

Number of 16-foot logs. 

Diameter, pms >| 
breast- | Ee: 13 2 | 24 3 hark Basis. 

3 high. é of top. 

s Volume—board feet. 
& 
é 

; Inches. Inches. Trees. 
| 6 20 PAK E || Pa Seraph AER Rane eee! bene 6 2 
4 7 22 32 ZT | ¢ ee a 2 Me 6 13 

: 8 24 37 52 (fey Hl Pceeeree Ui 20 
9 27 pes 63 83 110 7 11 

10 32 53 7 97 120 8 23 
$ 11 36 63 88 110 140 8 22 

12 42 74 100 130 160 9 30 
13 48 87 120 150 190 10 19 
14 56 100 140 180 210 10 25 
15 65 120 160 200 250 11 26 
16 7 130 180 230 280 12 8 
17 87 150 210 270 330 12 14 
18 98 17 240 300 370 13 14 

3 19 130 190 270 340 420 14 9 
f 20 140 220 300 380 470 14 6 

722) | il ws 2 RS 240 340 430 520 15 7 
DIA Se eee 270 380 480 580 16 8 
Poe |S encore 300 420 530 650 17 + 
7/2 S| 28 2 DENY batt * 460 590 730 17 3 

‘ PTW (eaters aeipanel temas, 34 500 660 820 18 1 
PA ph (cea | eet 540 730 920 1) eee 

285 

1 Wexford County. 

Scaled from taper curves, by the Scribner Decimal C rule, mostly in 16.3-foot logs, with a few shorter 
logs. Stump height, 1 foot. Poor utilization. 

ee 
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TABLE 23.—Sugar maple in New Hampshire, volumes in board feet. 

Number of 16-foot logs. 

: Diameter = 
Diameter, seas ?| Height 
breast- | 4 | re | TE Ges | Defoe EE Ne IEE | 4 ee ares pacts 
high. of top. stump. 

Volume—board feet in tens. 

Inches. | Inches. Feet. Trees 
7 1 1 2. Sete 32 See he eS | es See 6 2.0 1 
8 1 2 2 BE ae estas eee | (ee mee Jee se © 6 2.0 3 
9 2 2 3 4 ie eee, alent Seed M2 i 2.0 3 

10 3 3 4 5 6 (i) eee | Ee 7 2.0 13 
11 4 4 5 7 8 Cie (ae errs | aye 8 Daa 18 
12 4 5 7 8 9 11 12) ee 8 2 25 
13 5 7 8 10 11 13 112 Ge i ess See 9 Jt 24 
14 6 8 9 11 13 15 iy Gera Se 10 PAs 19 
i Layee eos e 9 11 13 16 18 21 24 10 2a 22 
1G ol See 11 13 15 18 21 24 7 11 2.2 32 
1 Abe es Se 13 15 18 21 24 27 31 11 7d Pe 19 
so es ed 14 17 21 24 27 31 35 12 PLDs 28 
1 aay Bees 16 20 23 27 30 34 39 13 2.3 23 
20) Ge 18 23 27 30 34 38 43 13 2.3 22 
i Vain (aes SN ie 26 30 34 38 42 47 14 2.4 16 
Dea Wee tee | i Lee eee 30 34 38 42 47 51 14 DAS 3 AL 
3 Ae es alee os 34 38 42 47 51 56 15 2.4 | 18 
DAS NC Bae ed 39 43 |° 47 52 57 61 16 Day 15 
OB | a see ete | eee 43 48 52 57 62 67 16 Te | 9 
DB rae eee 48 52 57 63 67 73 17 2.6 6 
Ga Se! Sal 1 A ge | Bs Se 5 57 63 68 7 79 18 2.6 | 6 
OR iii se he | eee || oe 63 68 74 79 85 18 De) 6 
nO)! | eee ls te Sy eas 2 68 74 80 86 92 19 2.8 4 
3 | eee P| eye |e OC 73 79 86 92 99 20 2.9 3 
Sie |e steers |Lce aaa ome 2 78 85 92 98 | 106 20 2.9 3 
SO eis A | epee 84 91 Of O4 sis | 21 3.0 1 

360 

1 Grafton County. 

Logs sealed as cut, 8 to 16 feet long, by the Scribner Decimal Crule. Utilization as close as form of tree 
allowed. 

TaBLE 24.—Sugar maple in Pennsylvania,! volumes in board feet. 

| Number of 16-foot logs. 

Diameter, D Fe : 
breast- 24 3 33 4 = Basis. 

oh Z3 bark 
high. of top. 

Volume—board feet. 

Inches. Inches. Trees. 
10 63 O0ie || (see fe eal es eee 6 4 
11 74 NGO ies] pe ec ees ||P aa ery: 7 3 
12 86 120 in| p24 eae eee 7 2 
13 99 130 laste ees ee meee 8 2 
14 110 150 PAL NYT (ee es 8 2 
15 130 170 230 alee Beene 8 2 
16 150 190 260 320 9 4 
bh, See Se 220 290 360 10 t 
18. cies Ge eee 250 330 410 10 5 
19) aes ae 280 370 460 11 1 
20) Wie eS eee 320 410 510 11 3 
pO led Wee See 360 460 57 12 2 
D2) Nik ae ee 400 510 640 LS) es eee 
DS | pays fed: eae 440 560 710 nS diay (Sree ew 3a 
DA: Oe ee are ee 480 620 780 14 1 
ON Wao ieee 1 530 680 850 15 eee 
26 Nissim Anes 580 740 920 i ss sag eee Seo 
D4 Ee) (Nar ree 630 810 1,000 16 2 
28) Mies ee 680 880 1,070 16 il 

41 

1 McKean County. 

Height of stump, 1.8 to 3.2 feet. Logs scaled by the Seribner Decimal C rule. 
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TABLE 25.—Sugar maple in the Lake States,! volumes in board feet. 

AVERAGE TOP DIAMETERS. 

Number of 16-foot logs. 

Diameter, see , 
= sh 1 1 j mee 13 | 2 | 24 | 3 | 33 | 4 Ganiot Basis. 

top. 

Volume—board feet. 

Inches. Inches. Trees. 
8 25 31 DO ere recat wal ee rere ae eee eee 6 21 
9 30 40 35) O84 ees et Se a ak A € 35 

10 37 47 62 76 OF aya eee 6 23 
11 | 43 59 76 63 IND ia eae cee te 6 26 
iy 50 79 91 110 140 170 7 P45) 
13 57 82 110 130 160 190 7 20 
14 65 95 130 160 190 220 7 22 
15 73 116 150 180 220 250 8 16 
16 83 120 170 210 250 290 8 22 
17 93 140 190 240 280 330 9 7 
18 100 160 220 270 320 380 9 13 
AO h-aeeee = 180 240 300 370 430 10 6 
203 anaes 200 270 340 410 490 10 9 
Dla Seer 220 300 380 460 550 11 7 
DHA oe Tn oie 250 340 420 520 620 12 Uf 
230 Reese 280 370 470 580 690 12 6 
DAS 2 a agee Se 310 410 520 640 770 13 2 
20 ease 340 460 570 710 840 14 6 
20 'a| soe 370 500 630 780 930 15 if 
FATE See a eee eet es 2 550 690 860 1,020 15 2 

Cp eh] [eee et need Pepe ee 600 760 940 } 1,110 TH ee Eo 
DOE ae Biel en es 650 820 | 1,020 | 1,210 70a Saker Be oe 
Oil Benes acre Ieee 690 890 1,110 1,300 17 2, 

| 278 

1 Gogebic and Wexford Counties, Mich.; Marinette and Vilas Counties, Wis. 

53 

Scaled from taper curves by Scribner Decimal C rule; mostly in 16.3-foot logs, with a few shorter logs 
where necessary. Stump height, 1 foot. Average utilization. 

TABLE 26.—Sugar maple in the Lake States,! volumes in board feet. 

MINIMUM TOP DIAMETERS. 

Number of 16-foot logs. 

Diameter, pamelet, 
Breast tales ets [sh [4 + 4. |b ologareor | Basis 
high. 

top. 

Volume—board feet. 

Inches. Inches. Trees. 
8 28 38 AQ [Biter ay eka ny acme, pe | ec sn pee eters ae 6 21 
9 36 49 (Oe sas cree aera aril eacactee erence 6 35 

10 44 60 TRA SAR ees ed aS Ls eel loose ts eel ene ee 6 23 
11 53 73 SOF eee ara yrs eee eon =p | eyed re | toon celaye es 6 26 
12 63 86 100 120 11 Ue sea ee saeco 6 25 
13 74 100 120 140 AL AU) 8) ee Se (ee see 6 20 
14 86 110 140 160 190 220 260 6 22 
15 98 130 160 190 210 250 290 6 16 
16 110 140 180 210 240 280 330 6 22 
ily 120 169 206 240 270 320 370 6 7 
18 140 180 220 260 300 360 420 6 13 
NO eater Bee Se Soe ce ois 240 290 340 400 470 6 6 
PAY eM SS es bee ee eer 270 320 380 450 520 6 9 
Pei |e eae es Tae ee ete 290 360 | - 430 500 590 7 U 
DPA Ry oars seis Sie 320 390 480 560 660 7 7 
DR) | See ee eer 360 440 530 630 730 8 6 
Tosh en a Cece es Aea| | eae al 390 480 590 700 820 8 2 
749)? ||S oan s eel Boose 430 530 650 770 910 9 6 
705 | Ne a ei aa ae 480 590 720 860 1,000 10 1 
FAP hn 5 ae lle eet A 530 650 800 950 | 1,120 10 2 
PASS |e pee eae | Re eee 590 720 890 1,050 1, 230 1b aee oer 
DOR Reece S bekt os 650 810 980 | 1,160} 1,360 19g Ree ee 
SAD alte ees a ee ape 7209 900 |¢ 1,080 1, 280 1, 500 12 2 

aa 

1 Gogebic and Wexford Counties, Mich.; Marinette and Vilas Counties, Wis. 

Sealed from taper curves by the Scribner Decimal C rule; mostly in 16.3-foot logs, with a few shorter 
logs where necessary. Stump height, 1 foot. Close utilization. 
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TABLE 27.—Sugar maple in the Lake States,1 volumes in board feet. 

MAXIMUM TOP DIAMETERS. 

Number of 16-foot logs. 

: Diameter 
Diameter, Baee ? 
breast- 1 | 14 | 2 | 23 aoe Basis. 
high. top. 

Volume—board feet. | 

Inches. | Inches. Trees. 
8 18 50" |e 2b on sl ees See 7 21 
9 24 SY (al |B as See ERS! = 5 Se TAP 35 

10 30 7 ae eee eo ee S| 8 23 
11 37 (pie BS aoe boooesee s- 8 26 
12 44 84 110 130 9 25 
13 51 95 120 150 10 20 
14 59 110 140 170 10 22 
15 68 120 160 190 11 16 
16 77 130 180 220 12 22 
i7/ 88 150 210 250 iy 7 
18 99 170 230 290 13 13 
19 110 190 260 320 14 6 
20 130 210 290 370 14 9 
21 140 230 330 410 15 7 
22 160 260 360 460 16 id 
23 180 290 410 510 17 § 
24 200 320 450 560 17 2 
25 220 360 500 620 18 6 
26 240 400 540 680 19 1 
27 270 440 590 740 19 2 
28 300 480 640 800 20) oS eS 
29 330 520 690 850 Zieh. see 
30 360 570 740 910 22 2 

278 

1 Gogebic and Wexford Counties, Mich.; Marinette and Vilas Counties, Wis. 

Scaled from taper curves by the Scribner Decimal C rule; mostly in 16.3-foot logs, with a few shorter 
logs where necessary. Stump height,1i foot. Poor utilization. 
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TABLE 28.—Basswood in the Lake States,! volumes in board feet. 

AVERAGE TOP DIAMETERS. 

Number of 16-foot logs. 

Diameter. ee 
breast- 2 23 | 3 33 4 43 RE % Basis. 
high. gins © 

top. 

Volume—board feet. 

Inches. Inches. Trees. 
233 30 47 GOB eee ra hia aacos nace ce 6 6 
9 36 53 CG) A ae a Ps eee oe a 6 9 

10 44 60 79 100 SOA as a 6 7 
11 53 70 90 110 IAS eee 6 8 
12 63 80 100 130 UGQO es es Se 7 7 
13 75 94 120 150 180 220 a 9 
14 89 110 140 170 200 240 7 7 
15} 100 130 160 190 230 270 8 17 
16 120 150 180 220 260 300 8 17 
yf \ See 170 210 250 290 340 9 20 
Io eee betas 190 240 280 330 380 9 18 
THO} Ieee ies A oe 210 270 320 370 430 10 14 
DOSE BRe SE 240 300 360 420 480 10 31 
Di HRS TAS 270 340 400 470 540 11 21 
DD: \ a SEAS 300 380 450 520 600 12 14 
2d: iene ser: 340 420 500 580 670 12 17 
DA Ni ALN 380 470 560 650 750 13 19 
Dy Wes oe 410 520 620 720 830 14 14 
PAO eee 2 450 570 680 790 920 15 17 
PHO eats Fe FB 3 500 620 750 870 1,010 15 8 
Dailey seater: 540 680 820 960 1,100 16 9 
Oils SES 590 740 890 1,040 1,190 Le 6 
BOY eee 640 800 970 1,130 1,290 17 4 

Py 2 as) Lend ees oer 690 870 1,050 1,220 1,400 18 8 
Soa aa 750 940 1,130 1,310 1,500 18 3 
By Gaeo ens 810 1,010 1,210 1,410 1,610 19 3 
BA die Lines | 870 | 1,080} 1,290] 1,500] 1,720 20 4 
Atay | ae 6 9+0 1,150 1,380 1,600 1,830 20 1 
S6u |e a 1,010 1,240 1,470 1,700 1,950 PPA les ae, ee 
ladle pect 1,080 1,320 1,560 1,800 2,060 22 1 
ato lHomeeae 1,150 1,410 1,650 1 900 2,180 22 al See 
Ae) || eee oS or 1,220 1,490 1,750 2,000 2,300 23 oe 
AQ ae trois 1,3C0 1,570 1,850 2,100 2,420 240 Peseisee 

319 

1 Charlevoix and Kalkaska Counties, Mich.; Iron and Price Counties, Wis. 

Height of stump, 1 foot, scaled from taper curves, by the Scribner Decimal C rule; mostly in 16.3-foot 
logs, with a few shorter logs where necessary. Average utilization. 



56 BULLETIN 285, U. S. DEPARTMENT OF AGRICULTURE. 

TABLE 29.—Basswood in the Lake States,' volumes in board feet. 

MINIMUM TOP DIAMETERS. 4 

Number of 16-foot logs. 
: 

Diameter Diameter, as 
preast- () ie |e otek 13 3h 4 43 5 5h 6 inside. | Basis, : ; bark of 
high. top. 

Volume—board feet. 

Inches. Inches. | Trees. 
8 16 7: el Meee tes) (emery rar | ea ieee Ieee Zax Ie es Soy ee ee 6 6 
9 18 28 46.15 252cpe lee deten Sl ison cesoaoeeoa Sea eee | Soac mers Beas 6 9 

10 23 34 52 67 SO SS ee ee Se I ee ee 6 7 
11 29 42 61 7. 97 TAO (anes © sree Deemer ey Mee Wee 2h Ne a 6 8 
12 38 52 73 91 110 140 170 TOO cS Race |b eee 6 7 
13 49 66 87} 110 130 160 190 DAOM See ee eee oe 6 9 
14 63 82 100 120 150 180 210 240 260) ease 6 id 
15 80 | 100} 120} 140 170 200 230 260 290 Seek 6 17 
16 100 120 140 160 190 220 Zao 290 320 350 6 17 
aah See <= 0 fet ae oes 160 | 180 210 250 280 320 350 390 6 20 
HLS cos eternal ee aes 180 | 200 240 280 310 360 390 440 6 18 
TAS al) aie al ie ee 2 ee ae 230 270 310 350 400 440 490 6 14 
OX Ys) | ME cael Nos oe mo aan 250 310 350 390 440 490 540 6 31 
OS | Pasian |e Roe eee Se eae 340 390 430 490 550 610 7 21 
TO (eae ert (ence ca il We marr bak 6 380 430 480 540 610 680 a 14 
OI Ges eens ae ca all ah fae 430 480 530 610 680 760 8 17 
OY Tage 0 eel Caen ss ot pera fa ot 470 530 590 680 760 850 8 19 
yal (aka Sool See eee Ie 520 580 660 750 850 950 9 14 
PX | Ses Silty s SEs ees Re Vs 570 640 720 820 940 1,050 10 17 
Oy Past Sept 2 FT RS Os oe aes WP 620 700 790 900 | 1,030} 1,160 10 8 
Pcie || ene» Aees| ee SA Oe eee ie A 670 760 870 990 |}. 1,180 | 1,270 11 9 
DOI eet Pega ee al tee Se teen pe LE 730 830 950 | 1,080} 1,240} 1,390 12 6 
SOU eae ce Sa ee oR 780 900 | 1,030}; 1,180} 1,340} 1,510 12 4 
S| ee es PT a oe eae 840 970 | 1,120] 1,280} 1,460} 1,640 13 8 
SPA eye co tecs| apciiae a Al Pe aera a Ea 910 | 1,040} 1,210) 1,390) 1,580] 1,770 13 3 
Sib ell (ee oy? sl enemas Ok so 970)} 1,220) | 15300.) 15500} 15,7005). 25,900 14 3 
SAE See nt ieee aie le apie nl gaa) 1,040 |} 1,200] 1,400] 1,610| 1,830) 2,040 14 4 ° 
Hye |e mee ee ake A I eee meat At Ls oe 1,110 | 1,290} 1,500} 1,730; 1,960} 2,190 15 1 
SG eee sell ee erect | ee 1,180 |} 1,370} 1,610} 1,850] 2,090) 2,340 VOu See 
BA Gat aay Seeael tao eee ne 1,260 | 1,460} 1,710} 1,980] 2,230) 2,490 16 1 
3B ile eu Al ee Beet Assay | 1,340 | 1,560] 1,830] 2,110] 2,380] 2,640 17 (ael epee 
53 Oi ee aa | et ieee se ens | 8 ere 1,420 1,660 1,940 2,230 2,530 2,800 b lyfe eens 
4OU eee |e ea eee 1,500 } 1,760 | 2,060 | 2,360] 2,680} 2,950 1S ae 

319 

1 Charlevoix and Kalkaska Counties, Mich.; Iron and Price Counties, Wis. 

Height of stump, 1 foot, scaled from taper curves, by the Scribner Decimal C rule; mostly in 16.3-foot 
logs, with a few shorter logs where necessary. Close utilization. 
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TABLE 30.—Basswood in the Lake States, volumes in board feet. 

MAXIMUM TOP DIAMETERS. 

Number of 16-foot logs. 

F Diameter Diameter, ws 
breast- 3 1 13 2 puede Basis. 
high. are 

top. 

Volume—board feet. 

Inches. Inches. T1¢es. 
8 7 ig ida| ese e eas || 22.52. 7 6 
fe) 10 2d | spmceerrnic|Ssccec once 7 9 
10 14 71S We BR Oe as Sense 8 7 
ll 17 Bi Ha aeae eas Se aS eee 8 8 
12 21 43 74 100 9 7 
13 26 51 85 120 10 9 
14 31 61 97 140 10 7 
levee Sse 73 110 150 11 11% 
NOM ERR ees ce 86 130 170 12 17 
(ei | Mere ors 100 150 190 12 20 
Upc es eee 120 170 220 13 18 
IQ ee eS ae 130 190 240 14 14 
DY ss| epopevermreveiey eee 150 210 270 14 31 
SIA teal Ps arse te, 170 240 300 15 21 
Dae | eras Sere ese 190 260 340 16 14 
Bs Yay |e aga ee 210 290 380 17 17 
7) ed Sees 230 330 420 17 19 
A Dimn| Giearreestoe 250 360 470 18 14 
One| sro eee 270 390 520 19 17 
ON tae See aE 290 430 570 19 8 
Drea SOE Sess 320 470 620 20 9 
OAS eat ls aan She 340 500 670 21 6 
SOMES sees 370 540 720 22 4 

: Bilinear eee 390 580 770 22 8 
S2Pol| omens 420 620 830 23 3 
See Sasa ee 450 660 880 24 3 
34% 7 Re ees 480 710 940 24 4 
Sot ale ces 510 750 1,000 25 1 
SU ite] ne 540 800 1,060 DGW | esse See 
SY ait | Ree nee Salis 570 840 1,120 26 1 
Sani heescen ks a 600 890 1,180 PA fea = ek ene 
rah Nie dl Pe ses Paes 630 940 1,240 2Sit |somentence 
ADL Sees: 670 990 1,310 2S ite | Bek eieeecs 

319 

1 Charlevoix and Kalkaska Counties, Mich.; Iron and Price Counties, Wis. 

Height of stump, 1 foot, scaled from taper curves by_the Scribner Decimal C rule; mostly in 16.3-foot 
logs, with a few shorter logs where necessary. Poor utilization. 
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CUBIC-FOOT VOLUMES. 

These tables give the average volumes in cubic feet of forest-grown yellow birch, 
beech, sugar maple, and basswood trees of different sizes. They are based on stem and 
branch taper measurements of the trees from which the preceding board-foot tables 
were made. The volumes are shown separately for ‘‘logs’’ and ‘‘topwood.’’ The 
cubic-foot volume of ‘‘logs” includes the stem of the tree between the same stump 
heights and top diameters as for the board-foot tables, except that for the Lake States 
tables only the ‘“‘average” top diameters were used. The volume of ‘‘top” is for the 
portion of the main stem above the upper diameter given, plus the solid volume of all 
branches suitable for cordwood to a minimum diameter of about 2 inches outside 
bark at the middle of a 5-foot stick, except for basswood, the branches of which were 
measured to a minimum middle diameter of 4 inches. 

The tables for the Lake States also give the per cent of bark based on the cubic 
volume of the stem with bark. For basswood and beech the per cent of bark varied 
consistently with breasthigh diameter; for birch and maple there was no consistent 
variation. 

Table 37 gives the cubic volume of red maple on the Harvard Forest, Petersham, 
Mass. 

TABLE 31.— Yellow birch in the Lake States, volumes in cubic feet. 

Total height of tree—feet. S 
< ra 
sop S 
a re 

z 40 | 50 | 60 | 70 | 80 | 90 3 _ | Basis, trees. 
2 n 

5 ee BS 
oS Volume 2 including bark—cubic feet. ee 
a) s 

mn nm n wn n nm n 

S lob lyse: (eo! Le (RMSE hie Silene ito! teed! foumles ol 
o 4 a 4 a = a 4 SI ~ Si a H 1A 4 a 

In. In 
Ayes tes Ossuleseic-= (O51 el Bee ees eee ep ears aes Baeenal ema aolinceecnicseacd lt nseoglocSoucdloooc 
Du] eee DT cies (OM aaee oe RE ase neds Bessa) ee Gadd Sasosclocscdcllsoas sclleaccis- 6 
Galkesass EZ Ee) eee ae a 1.8 E48 eA) saeco ood cel SSemeau ls soobalicincs Se 4 4 
Cail oeetaeee 157,| 4.5, | 41.9 | 24.8 |. 2.0 Lei a BG 3 RS RO (BBO SIRES Se 125) 222 
Sileicace TO |) ZG law PS el fe POS P83 S750 25 GN On 2a een el Ola ee 2a6 6 iil 11 
Qwest jee aee ERP RCE TS CAOe TRIE | PEO IPE CT ee) IES IP BAY) 6 17 17 

LON oe lee ere 12561 Qed p See Wy as O) | etoot | SacelolGsc Nerce aul hose Metre 2 6 26 | 26 
Tg eas Ps one te 15265] B.0-| 16,65) (Sea tse 9) | Sade els ON caret otOmeeont 6 ool 
UD AM see sees cdl [aS ea 18.6 | 3.6] 20:0] 4.0] 23.0] 4.2] 26.0) 4.2] 29.0] 4.2 7 PAE N27) 
1S |e se sees ee 22.0 | 4.3 | 24.0] 4.7 | 28.0) 4.9] 31.0 | 4.9] 340 | 4.9 7 205) -20 
1 eee eee 25:0)( 5.1 | 28.0 |) 52551-32205 15.9) 236..001 559) |=4050) tone vf ye se 
Ups Beacon soe oe Seeced mses S350 GAGs | SSs ON ale W425 ON eee WAG Oh ede 8 8 8 
IG ISRaseelpseess Ss eene eceace 38.0] 8.0] 48.0] 8.4] 48.0] 8.4] 52.0] 8.4 8 16} 14 
OGG | ete coe ate gee ralliiee tool a cneeen eae 44.0] 9.6] 49.0] 9.9] 54.0] 9.9] 58.0] 9.9 9 15 | 15 
ISS: epee te eps rl Peete eer Ra ts OVO) DISS 5 56. ON ate 7 OLNOT io | sGos OU aS 9 15, 15 
LOS Seas eae Slee eee see 56.0 |} 13.2 | 62.0} 13.3 | 67.0 | 13.3 | 72.0 | 13.3 10 13 | 12 
te eel (oe fea | eee 63.0 | 15.2 | 69.0 | 15.2 | 74.0 | 15.2 | 79.0 | 15.2 10 9 7 
Pd ois cote Paes Len Gees heen RU ere ns Were Stl NN SN ete TSO NE | SSO Ue || eG) |) Ue, aU 6 a) 
97} See Se Aer yaaa tel aoais ola etor| Seo oos 82.0 | 19.6 | 88.0 | 19.6 | 95.0 | 19.6 12 3 2 
DBs: ese teeta Pee aioe eases eres cal eter 6 88.0 | 22.0 | 96.0 | 22.0 {103.0 | 22.0 12 5 5 
TON ee eae (Sc ae essere eo [Berea SS Rees 95.0 | 25.0 |103.0 |} 25.0 |111.0 | 25.0 13 4 4 
DO pesciatel| ectorsee alls chales= al] Sala, seen Selene 102.0 | 29.0 |111.0 | 29.0 |120.0 | 29.0 14 + 4 
PAG) | Eevee | Oar el Starrett Seis ace ese sce! 109.0 | 32.0 |119.0 | 32.0 |129.0 | 32.0 15 2 2 
7A fl eR ETS el Pea eel PRA NE eens ores lei c 116.0 | 36.0 |127.0 | 36.0 |138.0 | 36.0 by ees es 
7Aeih| [Sa ata lEpNeees| cate eee eceemen ores Paedeies cans es 124.0 | 40.0 |135.0 | 40.0 |147.0 | 40.0 16 1 1 
7) ae SERRE Asc eric eal easel aoe 131.0 | 44.0 |144.0 | 44.0 |156.0 | 44.0 17 2 2 
SOM Sersecaleecre cede a etee aalseee cre Seer 138.0 | 48.0 |152.0 | 48.0 |165.0 | 48.0 Uff ||So6Ges| (> -55 

253 | 253 

1 Gogebic and Wexford Counties, Mich.; Marinette and Vilas Counties, Wis. 
2 The “‘log”’ volume is the solid contents of wood and bark between a stump height of 1 foot and the 

“diameter inside bark of top”’ shown in the 14th column. The volume of “top” is that contained in the 
_stem above this point, and in addition all branches suitable for cordwood having a diameter, outside bark, 
of 2inches or more at the middle of a 5-foot stick. The entire volume of trees too small to yield a 6-inch log 
is considered topwood. Bark comprises about 13 per cent of the total volume; there was no consistent 
variation with the size of the tree. 
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TABLE 32.—Beech in Michigan,' volumes in cubic feet. 

+ Height of tree—feet. © ; 

5 Bs rs Basis aa fas} 

an ol ES frase 4] 800 | | 180 | as | Oa S 2 trees. 

Bee Volume ? including bark—cubice feet. BG Es 
3a Se] 8 Sila eerie le ecoell ee sesleeeal es re vi [even fergie ag gs|o]¢ 
Seow momtoulmeniton|on|o | S16) 2) S| ell Beis a ees 
a) He /H el Hee yaya] vA ma H |e /H/ae iA S}as}e 

In. In. 
Al BR Al OSG eteverail Os | eeerete| sicrsse | ets lleva obvi 12% 2 lesen ate eters Le ee GSLs eS 
Fe IG | pce | ed oD eee ne | SAR leper tach call BSS SA espa See ioe Na QECHO eset) 8 
TOW TO) ae Bw lbs), Le74) We) 232 aes e calles |e See alee all] Glide Ole ero (nS 
Zi) PO) ToS BSG SO) es Ci) TAO) CAPA AGE Ss icaealiscana Boel Seeelgoee| em) Cay e TU) SR 
8} 4.9] 1.5} 5.9) 1.8) 7.4) 2.2) 9.6) 2.5) 10.4) 2.3) 12.4) 3.1]....].... 6] 7.7} 20) 15 
OMe 7Ta dl! Lara 852| 25 LO NOh 274 hae 31258 )9 1359) 342) 16. 5) 8. 5e oc). 6} 7.6) 11] 15 

10} 9.4] 1.9]10. 7} 2. 3/12. 7] 2. 7|15. 4) 3.1) 17..8) 3.5] 21.0) 3.9} 24) 4.3 6] 7.6] 23) 23 
11}11. 8) 2. 2/13. 4) 2. 6/15.-3] 3. 0/18. 8} 3.5) 22.0) 3.9] 26.0) 4.3] 29) 4.7 6| 7.5] 22) 29 
12/14, 4| 2. 4/16. 3] 2.9)18. 1) 3. 4/23. 0) 3.8] 27.0) 4.3] 31.0) 4.8) 35) 5.2 7| 7.41 30] 25 
13]....|....|19. 3] 3. 2/21. 0} 3. 7|27.0| 4.2) 32.0) 4.8] 36.0] 5.3) 41) 5.8 7| 7.3} 19] 18 
14 122. 0} 3. 5/24. 0) 4.1131. 0) 4.7] 37.0} 5.3] 42.0) 5.9) 48) 6.5 ete2|s 25|e25 
NU aos .|25. 0} 3. 9/27. 0) 4. 5/35. 0] 5.2] 48.0} 5.9] 49.0) 6.6) 54] 7.3 8| 7.1) 26] 23 
16|....|.-..{27.0] 4. 3/30. 0] 4. 9/40. 0} 5.6] 49.0) 6.5} 56.0] 7.5; 62) 8.5 8] 7.0) 28) 21 
IZAle Meese loo. a184.(0) O54 145501 653i) 080] 753))63.,0| 8:5). 70)) 9..7 9} 6.9} 14} 14 
iS ere Zallod -|87. 0} 5. 9/51. 0} 7.0) 62.0) 8.3} 71.0) 9.6) 78)11.0 9} 6.8] 14] 10 
19). Fr (Rea ees ets WSs .|56. 0} 8.1) 69.0} 9.6} 79..0)11.1} 87/12.6; 10) 6.7) 9) 6 
20]. . Male eesilcenatetaere -|62. 0} 9. 5] 76. 0/11. 2} 87.0/138.0) 96)14.8) 10) 6.6) 6| 5 
21). SSB eed ears eae . ./69. O]11. 6] 84. 0/13. 5} 96. 0/15. 4! 105]17.3) 11] 6.5) 7! 8 
FA Ne eset Ta Sper eae (BT | es a ..|75. 0/14. 8} 92. 0/16. 6/104. 0/18. 3} 115}20.0] 12] 6.4 8| 4 
PN Ss salle avast fevstere tte ees . -/81. 0/18. 1/100. 0/20. 0/113. 0)21. 7) 125)23.0) 12) 6.3 Alea 
24). ae (Sore sere ABS ae lSetrallRamact lone 123. 0/25. 0} 135)27.0} 13] 6.2 Sines 
2 cape crac allele mata s\lleteze 2 i weccafoeee(Ld2. 0/29. 0} 145)31.0] 14) 6.1 Me 32 
GAA Ge Nl el | rane ete Me (asia Bs Soa bosollZ 2 CORSO) MEO ERO EGE O Aeesilas 8 

: | 286/259 

1 Wexford County. 
2 The “‘log’”’ volume is the solid contents of wood and bark between a stump height of 1 foot and the 

‘diameter inside bark of top”’ shown in the sixteenth column. The volume of ‘‘top”’ is that contained in 
the stem above this point, and in addition all branches suitable for cordwood, having a diameter, outside 
bark, of 2 inches or more at the middle of a 5-foot stick. The entire volume of trees too small to yield a 
6-inch log is considered topwood. ; 

TABLE 33.—Beech in Pennsylvania, volumes in cubre feet. 

Total height of tree—feet. 
2 ss. Diameter 

Diameter, Volume : ; 
breast- 70 | 80 | 90 | 100 | 110 of top aude Basis. 

high Volume 2 of logs including bark—cubic eee top. 
feet. ai 

Inches Cu.ft. | Inches. Trees. 
8 8.8 10.1 ED SS PBR ike Arai ie acahettawet 2.8 6 2 
9 11.4 13.0 TRGB SOs Boats meee 358 6 6 

10 14.3 16.4 18.4 PANO Vee 5 Se 4.1 6 8 
iat eds 20.0 23.0 Pes) | Seis Bea 5.0 u 6 
12 21.0 24.0 28.0 31 34 5.9 7 6 
13 26.0 29.0 33.0 37 40 7.1 7 8 
14 30.0 34.0 39.0 43 47 8.8 8 11 
15 35.0 40.0 45.0 50 55 10.9 8 5 
GBs est eee” 46.0 52.0 57 63 13.4 9 13 
i Wye Pe ie 52.0 58.0 65 71 16.4 9 10 
JSe ose TES 58.0 65.0 72 80 19.8 10 10 
LOE Aes sek 64.0 72.0 80 88 2305 il 11 
PAD) ae emeseerses ae 70.0 79.0 88 96 283 ii 5 
7 bf ai in 6A SI et ee 86.0 95 105 31.1 12 6 
PP} Ble sol ook el | beeen a oe 92.0 103 113 35.0 13 2 
Deel ak Se Mk oS sane 99.0 110 122 39.0 14 5 
ZAR S| Sek ei a Ae ae 106.0 118 130 43.0 15 2 
PAIS 5 eee Cpa ate 113.0 125 138 47.0 16 if 
PAG) | ate ss el Wel eG aaa a ec 133 146 51.0 17 1 
PATE So | Va a ao | See ahe f UAe nr 141 155 55.0 I toi | [eet ca 
PASS Pe SI ee (eh Pee om | a 149 164 59.0 1 a ee eee 
PAS ihe here ear| (er epeaaes nel [= eer nieaaan 157 173 63.0 20 1 
YO) Atenas 1 Esercs hac eel eseaes Aa 164 181 68.0 21 

120 

1 McKean County. : 
2 The “lez”? volume is the solid contents of wood and bark between an average stump height of 2.4 feet 

and the “‘diameter inside bark of top’’ shown in the eighth column. The volume of “‘top”’ is that con- 
tained in thestem above this point, and in addition all branches suitable for cordwceod having a diameter, 
outside bark, of 2 inches or more at the middle of a 50-inch stick. 
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TasBLE 34.—Sugar maple in Pennsylvania, volumes in cubic feet. 

Total height of tree—feet. 

: Diameter 
Diameter = Volume] =. ? 
breast- ee a0 | 80 | 90 | - 100 | 110 | of ae eee Basis. 

Highs Volume 2 of logs including bark—cubie : top. 
eet. 

Inches. Cu.ft.| Inches. Trees. 
10 13.6 15.6 eo 1195s] Rares eet 583 6 4 
11 16.7 19.1 21.0 DATOS Awe: 5.4 7 3 
12 20.0 23.0 26.0 29.0 32 5H) 7 2 
13 24.0 PED |. = BLO) 34.0 37 6.1 8 2 
14 28.0 32.0 36.0 40.0 44 Yor 8 2 
15 32.0 37.0 42.0 46.0 51 9.0 8 2 
GR ak tee 43.0 48.0 53.0 59 11.8 9 4 
Ac eee 49.0 55.0 61.0 67 1525 10 7 
Son ck eee 55.0 62.0 69.0 76 20.0 10 5 
io) | ares es 8 62.0 70.0 78.0 85 24.7 il 1 
WY NERS sade 69.0 78.0 87.0 95 29.0 il 3 
72 VE aaa NS oe 89.0 96.0 106 32.4 12 2 
DAA ESS a2 soem ec 96.0 |} 106.0 117 35.3 1iBsy Fees 
Dave ose ee, Soe 104.0 116.0 128 37.6 11S) os ee 
ASN Se AIR. eas 113.0 126.0 139 39.6 14 1 
Dred A eee ee ALAR er 122.0 136.0 149 41.1 1 ayo Perens 
26a SARE SCE Set some eee 145.0 160 42.5 15s Beets F 
OE fe | EY iss eae eee Se 155.0 171 43.9 16 2 f 
Pe) i See ac | oie ts ean rere ia 164.0 181 45.1 16 i 

1 McKean County. 
2 The ‘‘log’’ volume is the solid contents of wood and bark between an average stump height of 2.4 feet 

and the ‘‘diameter inside bark of top”’ shown in the eighth column. The volume of “top” is that con- 
tained in the stem above this point, and in addition all branches suitable for cordwood, having a diameter, 
outside bark, of 2imches or more at the middle ofa 50-inch stick. 

i are 

ee se eee | eS eae 
TABLE 35.—Sugar maple in the Lake States,1 volumes in cubic feet. 

Total height of tree—feet. 

ae a ES a 14 oh 

° Ln? CRE Sy a ES IS CR La EL Ga, EG MM Gat Sam Di ea . 

Diam-| 59 60 70 80 90 100 eter ees 
Ta, inside] 

breast- Volume 2 including bark—cubic feet. bark 
high, : Onhop) 

Logs.|Top. | Logs.|Top. | Logs.| Top. | Logs. | Top. | Logs. | Top. | Logs.| Top. Logs.|Top. 

Inches Inches 
Gal ONG aS ON 2225) nOn8al ) 2316 Le On SHO™ ee aos Selle ee 5) SARs ell ee | ee 9} 10 
Taran sa| Oea Ziel 2S), LOnOM ime aaat £5 it Gaal > yf ae See (a = ae es ie bes I rs ik Si welts 
Sa MGs OR 250ml att) 2t0n|) O54 eon Oey Sl MO She rae es Sanaa emer 6 aL NS 20, 
9 | 958 19222) 10.4 | 2.710) 11.6 | 3207) P51 Bei iel SS eeea ees Pas lle ones 6 3 || sé 
TOE PL ey ola) eos amen te ay (|| Rae et ee ocolsccoac 6 23) | 924 
INE AG eG NCEE ee R ESS meee) eo) eee Oy Bae Zee ee ce eSlloscce = 6 26 | 26 
12 | 21.0 | 2.8 | 21.0 | 3.4 | 24.0) 3.8 | 27.0] 4.4] 30.0} 4.9 34 |} 5.4 i 25 | 25 
MN eee |i 26.0 | 3.7 | 28.0}. 4.2] 32.0] 4.8] 36.0] 5.4 41 |} 6.0 ¢ 20 | 20 
1 Te es | ee 30.0 | 4.1 | 33.0] 4.8] 37.0} 5.4 | 42.0) 6.0 438 | 6.7 7 22° |. 22 
Ue cote | epee 35.0 | 4.7 | 38.0] 5.4 43.0 | 6.1 49.0] 6.8 d9} 7.5 8 16} 16 
1 Git era eee eee 40:0 | 5.4; (4350) 11 633))|) S050) 730))|% (56:0) ans 64 | 8.5 8 22 | 22 
IPA SMEs ess e| (eStore, es ry ee AQNOM ea 2n| SOsOnlecSa Omi) O45 0 a a8a9 72 | 9.6 9 ul 7 
LB crete eee | ae eral [cece 04.0 |: 8:4 | 63.0.) 9:4 72.0 | 10.2 81 | 11.0 9 13 13 
TAS Jed IR sarees bee, Nestle 60.0 | 9.8] 70.0} 11.0} 80.0} 11.8 89 | 12.6 10 6 5 
A eee (a acral re ce sa 6650) ) Eso. Aisin V2 7a" 188.0) tsso 99 ; 14.4 10 9 8 
| i Rony esc ee 72.0 | 13.4 | 85.0] 14.6 | 97.0 | 15.5 | 108 | 16.5 11 il 6 
ae te ee es = pean (ere Sete tea 79.0 | 15.6 | 92.0] 16.9 | 105.0 | 17.8 | 118 | 19.0 12 7 7 
Ded ice ee [einen | eS Ice see 85.0 | 18.3 | 100.0 | 20.0 | 114.0} 21.0 | 128 | 22.0 12 6 6 
PALI Bees (ae epee. | ae eae [eae 92.0 | 21.0 | 108.0 | 23.0 | 124.0 | 25.0 | 138 | 26.0 13 2 2 
7 Aaya RN GES | (Seep | ee ges | eames Uae fede Say PS 116.0 | 27.0 | 1383.0 | 30.0 | 149 | 32.0 14 6 6 
OE erede SAM oo. Ac ete ol ncn vc sl eee | eee 125.0 | 33.0 | 142.0 | 36.0 | 160 | 40.0 15 1 1 
Diligence | ceaiaic ete Sa cte atoll See ele | ere ome 134.0 | 38.0 | 152.0 | 42.0 | 171 | 47.0 15 7A mea 
DS) lle eeroe eiste | a esr] oes Sell cee |e alee 142.0 | 44.0 | 163.0 | 48.0 | 182 | 54.0 OM aSeissiseace 
2 ese setae | civ all aroma S| anc. c "| eh eae |e 152.0 | 50.0 | 173.0 | 55.0 | 194 | 61.0 D7 ears ae | eres 
BOs RSs es Boh a Sete acck |aaeaae lessee 161.0 | 55.0 | 184.0 | 61.0 | 206 | 68.0 17 2 \teSee 

) 305 | 299 

1 Gogebic and Wexford Counties, Mich.; Marinette and Vilas Counties, Wis. 
2 The “log” volume is the solid contents of wood and bark between a stump height of 1 foot and the 

‘diameter inside bark of top”’ shown in the fourteenth column. The volume of “top” is that contained 
in the stem above this point, and in addition all branches suitable for cordwood having a diameter, outside 
bark, of 2 inches or more at the middle of a 5-foot stick. The entire volume of trees too small to yield a 
6-inch log is considered topwood. : 
gent comprises about 17 per cent of the total volume; there was no consistent variation with the size of | 
che tree. ; 
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TABLE 36.—Basswood in the Lake States,1 volumes in cubic feet. 

Total height of tree—feet. iam- Diam- Be oon eee eer Vol- |Pi8m-| Per | Basis, 
eter, ) - ume |. - cent trees oe a0 | 50 | 60 | 70 | 80 | 90 | 100] 110] 120) ™ oe. | inside | Ce? 
high : wood. | bark | bark 

Volume 2 of logs including bark—cubic feet. of top Logs.|Top 

Inches. | | Cu.ft. \Inches. 
8 | 3.9 5.4 7.0 8.3 U).8y3 Seceaea Geeee Sanaa Seese 2.2 6 | 22.1 6 6 
Cao ad 8.1 | 10.3 | 12.3 Ta Wr Sees caegeal ee sea (ae eae 2.4 60) 2187 9 7 

LOW ie SalelLONa elovon Gs 18. 2 IS llsacsolloawealGsone 2.6 6 | 21.2 G 6 
lg apree B49 || GUT AW OS ON PERO PAO Se ee | D8 6 | 20.8 8 Ul 
1)" etoee KE@O || BLOW PRO 2S. Od BOAO RET ee See eee 3.2 7 | 20.5 7 5 
113} ||Seees eormoce 25.0 | 30.0 33.0 36. 0 BU )eeEisalinn Bae 3.7 Gale20Sk 9 10 
Teale err Peer aie 30.0 | 35.0] 39.0] 43.0] 46) 49 ]..... 4.3 7 | 19.7 i 6 
Sees loosest 34.0 | 41.0 46.0 49.0 53 SOR eee. = 5.2 8 | 19.4 17 16 
IAESSea eee 40.0 | 47.0] 52.0) 56.0] 60] 64] 68 6.2 ry Pale eat lg? |) 1 
17/8 Sa le cea oe Je | Se ee 58. 0 63. 0 68 72 76 le 9} 18.8 20 18 
US$" | Eee tel Rs es Res el Pen tee 65. 0 70. 0 75 80 85 9.0 9 | 18.6 18 13 
GR | ee eee ee eae ee alte oe coe 72.0 78.0 83 89 94 10.9 10 | 18.3 14 15 
NY |S 8 Sm eee veal er A 8 eee er MOOR eS5509) VOI 97) 103) A359 10 | 18.0 31 | 28 
Oe Re wel age ee ke tan ge 86.0 | 92.0; 99); 106 ; 112) 15.6 LEIP LTS 21 |. 20 
DO Ieee ae: cae ars ote eee 93.0 | 100.0 | 107 | 114 | 121 | 18.6 12 5 14 | 12 
D358 Phew he. ME Samat er 101.0 | 108.0 | 115 | 122 | 131 | 22.0 1QEIES Abell, AL 
sO ea A ewe lie pene OCR | beet 109.0 | 116.0 | 123 | 131 | 140 | 26.0 Byala 19 | 17 
DGB hice nlee craaa lls tease 2 116.0 | 124.0 | 182 | 140 | 150 | 30.0 14 | 16.9 14 | 12 
PARI EASES leak cees se ereeee leeds ages 124.0 | 132.0 | 140 | 149 | 159 34. 0 Sy SS / 17 15 
PAE eo4 3 St Say aoe Sees ed ae See 132.0 | 140.0 | 149 | 159 | 169 39.0 15 | 16.5 8 10 
Dash lee ches Pres | ee eae eee 140.0 | 149.0 | 158 | 168 | 180 45.0 S16Ou| el 685 9 9 
PAD Neg eed |r, aha NAS RU He ae 148.0 | 158.0 | 170 | 179 | 191 52.0 Uefa patos 6 6 
SO Rae Seles cela. - ce 156.0 | 167.0 | 177 | 189 | 202 59. 0 ho 1os9 4 4 
So Bi is Sete a SR eg As | a a 176.0 | 187 | 199 | 214 67.0 oy | alo 7/ 8 8 
CPs te 52 |l gees sk cae Ee ees Sally ee eee 185.0 | 197 | 211 | 226 77.0 Ifo Ved tay) 3 1 
Bt loonoe laa Osea Geeta espe Gepmees 195.0 | 208 | 222 | 238 88. 0 19 | 15.4 3 3 
SAN eee emg ey | tO [Ree its lle is ayes 205.0 | 219 | 234 | 251 | 98.0 20 | 15.2 4 4 
St) || SSS5 cl SSR Gbs ENE sl eS sal BA aseee 215.0 | 230 | 247 | 265 | 109.0 20 | 15.1 1 1 
GA ss al Sees eee eel ee ital ye ieee | eee 242 | 260 | 279 | 121.0 74 tae ee We ee RA 
BY ISS SOS SE ee Sl Stee RS | Ses Sete (erie eel [pemesrses S 255 | 274 | 293 | 131.0 22 | 14.7 Ba eae 
Bis o So Se los SA ell eS ee IRR SIE I tee eerste Fears ees 268 | 288 | 308 | 142.0 Papy \AGS yal ae sesallecese 
SAG) | es SSIS Bee 3 et SR en | | A i 280 | 302 | 323 | 153.0 9AX ALCS SS ecclloasac 
AQ ls | ee sel| oe snl Mince cece iinemee cic sists. 294 | 317 | 338 | 163.0 DARK 4 Se les teelis ase 

319 | 291 

1 Charlevoix and Kalkaska Counties, Mich., Iron and Price Counties, Wis. : 
2 The ‘“‘log’’ volume is the solid contents of wood and bark between a stump height of 1 foot and the 

“‘diameter inside bark of top”? shown in the twelfth column. The volume-of “top” is that contained in 
the stem above this point, and in addition all branches suitable for cordwood having a diameter, outside 
bark, of 4 inches or more at the middle of a 5-foot stick. 

TABLE 37.— Volume of red maple in cubic feet,| Harvard Forest, Petersham, Mass., 1910-11. 

[Revised and enlarged in 1915.] 

Total height of tree—feet. 

Diameter, 
preast- 20 | 30° | 40 | 50 | 60 | 70 | 30 | Basis. 
high. wt a Mg a ea se ee 

Merchantable volume, including bark—cubic feet. 

Inches. Trees 
2, 0. 25 5 O35 bie | ageereee|seesere cs eine) oo cic 59 
3 . 60 71 1. 00 LFA le Sy ee a ene eek eee 51 
4 1. 00 1.30 1. 65 Mh (Oy | ese care Ag 2 aa se Ie a 36 
S| eel sate PEAS 2. 40 3.0 SG Wel aeaees ae-c| ease wee or 38 
Opel os 2 tastes 3. 45 4.3 Ose GS 2s See eee 42 
Ub 2S ee ae er eee 4.70 5.9 (eal SAT ws eases 25 
Sie ee sere eS Sy aga 6. 05 7.8 9.4 10.8 11.8 39 
OS | ey NS ca pepe 7.65 10.1 12.0 ale yes) 14.8 28 

EO) | ee re ars Seng eee Pb 27 15.0 16. 7 18. 2 20 
| ereter: Sars | yee as BS 15.6 18.5 20. 5 22.0 23 
1S) see el a ae me 18.9 2255 24.8 26. 4 10 
DSi se Al | ee ae eB oe 22.6 26.8 29.7 31.4 9 
Hea | respec or ieetege oes calls am at 26.8 31.6 35. 0 36. 7 8 
LUSH Ea ee eaters | cee cee a3 Leas) 37.0 40. 7 42.7 3 
UG): |e oes sty | eas ee 36. 6 43.2 47.0 49, 7 4 
17, | cs Sessa] VES ea ees | eee ee [ete peat | ne (a 58. 4 2 

397 

1 See “A Volume Table for Red Maple on the Harvard Forest,”’ by E. E. Carter; Bulletin of the Harvard 
Forestry Club, Vol. II, 1913, pp. 1-8. 

The volumes are for stem and branch wood to a minimum diameter, outside bark, of about 2 inches at 
the middle of a 4-foot length. The measurements were taken in a wide variety of types, including bottom 
or swale, pine slope, swamp, and birch and maplecoppice. Most of the trees more than 6 inches in diameter 
breast-high were of seedling origin. 
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CORDWOOD VOLUMES. 

So many factors affect the compactness of piled wood that it is impracticable to 
include volume tables showing the contents in stacked cords! of northern hardwood 

trees of different sizes. Experiments performed in the course of this study showed 
that the solid contents per cord varied a great deal more with the amount of branch- 
wood and the straightness of the split and round bodywood sections than with the size 
of the trees alone. The solid contents per cord averaged about 71 cubic feet, but 
ranged from less than 60 cubic feet for large, spiral-grained, branchy trees, to over 90 
cubic feet for small, well-formed trees with few branches. 

For use in average old-growth stands of northern hardwoods the following converting 
factors will give fairly reliable results when applied to the cubic volumes in the pre- 
ceding tables: 90 cubic feet per cord for tall, slender, straight trees with few large 

branches; 60 cubic feet per cord for large, spiral-grained, branchy trees; and 75 cubic 
feet per cord for trees which fall between these extremes. This is for the closeness 
of utilization described in the footnotes to Tables 31-37. 

Cordwood cut from small trees is apt to lie straighter and pile more compactly than 
that from large timber. Consequently, cordwood tables are more practicable for 

small than for large trees. Table 38 gives cordwood volumes for red maple on the 
Harvard Forest, Petersham Mass.” They are based on the cubic-foot volumes for red 

maple given in Table 37 and on the same number of trees, except for those of the 
2-inch class, omitted in these tables. Red maples of good height for their diameters 
should run about as follows: 

Diameter, | Number of | Diameter, | Number of 
breast- trees per breast- trees per 
high. cord. high. cord. 

Inches. Inches. 
t 50 10 6 
6 20 12 4 
8 9 14 3 

TaBLE 38.— Volume of red maple in standard cords of 128 cubic feet, Harvard Forest 
Petersham, Mass., 1910-11. 

[Revised and enlarged in 1915.] 

Total height of tree—feet. 

Diameter, 
breast- 20 30 40 50 | 60 70 80 
high. 

Merchantable volume—cords. 

° Inches. 
3 0.009 0.011 0.015 OF OU Sin- [= Sees See ee ae 
4 015 -019 . 024 SOQOF ih ere irre ee | ee ee 
De Heetosuie oe 031 034 . 043 OHO Tia eee aS ee 
G2 nl senhge cme ys 048 . 060 072 OX0Sh Rs eee 
(EARS coe Se ey eae 063 079 095 LS ese ee 
So let aE eee 078 101 .122 140 0.153 
a eee se || Sees ee 095 125 . 149 168 184 

VOY sPso 4s ee Rea a eee 151 179 199 217 
Tas Wee. do coat 2 4 See ee ee 179 212 235 252 
AQ? sft: bs Sele. ee ee ee 210 251 276 294 
103 hee) |S pee ee EN 8 Sie 246 . 292 324 343 
1 We | ee | ee 8 se 286 338 374 392 
5 1 ual ees een |e ee | 332 390 . 480 450 
LGH ke. os Ss lets area ee 383 451 . 491 .565 
ely ys tee Sea . 607 

1 A standard cord is a pile 8 feet long by 4 feet high and 4 feet broad. Contractors usually require about 

3 inches additional height to allow for settling. Where wood is intended for distillation a length of 50 

inches is commonly specified. This influences the converting factor but little, compared with the other 

variables. 

2 See “A volume Table for Red Maple on the Harvard Forest,” by E. E. Carter; Bulletin of the Harvard 

Forestry Club, Vol. II, 1913, pp. -1-8. 
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TasBLE 39.—Per cent of wood in piles of red maple cordwood, based on 9 piles of from 
2 to 4 cord feet each, Harvard Forest, Petersham, Mass., 1910-11. 

Diameter, Diameter, Diameter, Diameter, 
breast- Per cent breast- Per cent breast- Per cent breast- Per cent 
high of | of wood high of | of wood high of | of wood high of | of wood 
trees cut | in piles. trees cut | in piles. trees cut | in piles. trees cut | in piles. 
and piled. and piled. and piled. and piled. 

Inches. Inches. Inches. Inches. 
3 52.5 G 58.0 11 68.0 15 74.0 
4 53.6 8 60. 2 12 70.0 16 74.6 
5 54.9 9 62.8 13 71.5 17 75.0 
6 56. 2 10 65.5 14 73.0 

GRADED LOG SCALE TABLES. 

Tables 40, 41, 42, are taken, with slight modification in arrangement, from ‘‘Graded 
volume tables for Vermont hardwoods,’’ by Irving W. Bailey and Philip C. Heald, 
Forestry Quarterly, Volume XII, No. 1, pages 5-23. These give the contents in 
graded lumber of a large number of logs of yellow birch, hard maple, and beech, from 

hardwood stands on lower slopes and foothills of the Green Mountains in southern 
Vermont. The logs were run through a single-action band saw cutting a one-eighth 
inch kerf, and the lumber from each was graded according to the grading rules of the 
Northern Hardwood Lumber Association, the results being averaged by a curve. 
The lumber was mostly 1 inch stock, sawed 14 inches thick to allow for shrinkage. 
The mill crew were men of average skill, experienced in hardwood mills in other 
regions. ; 

The merchantable length of the trees was seldom over 32 feet; practically no logs 

were taken above the first branches. The percentage of 1, 2, and 3 log trees was as 

follows: 

Birch. Maple. | Beech. 

LST OOEGRCCS es ceceeeeecin seine 23 22 37 
ZO PTET EOS ease eens eee cine cco 62 60 58 
Sal OS ELOCSES seh fae es sree 15 18 5) 

Nearly one-half of the logs cut were defective or abnormal in some particular.!. The 
following defects were noted in regard to their influence in decreasing the volumes of 

the logs: Butt defects, top defects, crook, sweep, knots, seams, shake, miscellaneous. 

For yellow birch a comparison was made of the contents of nondefective butt logs, non- 

defective top logs, and the average of all logs. This showed that the difference in 
volume due both to defect and position in the tree was negligible for logs under 12 

inches in diameter at the small end, while for logs 12 inches and over in diameter it 
amounted to about 9 per cent of the volume of the sound butt logs. It was less than 

6 per cent for logs from 12 to 16 inches in diameter, and a little less than 11 per cent 
for 21 to 24inch logs. The difference due to position in the tree between sound normal 
top and butt logs varied from about 3 per cent of the volume of the 12 to 16 inch butt 
logs to about 10 per cent of the 21 to 24 inch butt logs. 

Tn the table for yellow birch it will be noted that the 10-foot logs show a greater pro- 
portion of the poorer grades than do the longer logs. This is particularly noticeable 
in the No. 1 common red and the No. 2 common grades, and is due especially to the 

fact that the majority of the 10-foot logs were top logs and hence knotty and of inferior 
quality. 

While they can be applied with substantial accuracy only to conditions similar to 
those under which they were made, these tables may perhaps be used in other regions 

1 The percentages of defective logs were: Birch 43 per cent, maple 45 per cent, beech 51 per cent. 
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by carefully studying and comparing defects, methods of utilization, etc., and apply- 

ing suitable converting factors. With these precautions graded volume tables can be 

constructed by combining the graded log tables here given with Tables 43, 44, and 55, 
which show the average taper of trees measured in the Lake States. 

For graded volume tables actually constructed from these tables and for additional 
information relative to the latter the reader is referred to the article by Messrs. Bailey 
and Heald. 

TABLE 40.— Yellow birch log scale,1 Windham County, Vt. 

10-foot logs. 14-foot logs. 
Grade of lumber. Grade of lumber. 

Diameter sts KG ‘acd Diameter ists o.| Ists 
at small jan . at sma and |1C. GL Sdcired! aud 1C./2C. |3 C.|Total. ana SAS leeel aud 1C.}2C./3C.| Total. 

red. : red. ; 

Volume—board feet. Volume—board feet. 

| 
Inches. Inches 

Le ab| oe) eeiee lence 10 | 10 20 Clete seaalecoecet., cola) 1s |] 1G 30 
Cl namellsagan|eeeullecas 10 | 10 20 Sale Ee!) Sa 88 Ee ee 10 | 15 | 15 40 
te see eee fl 2) RE 15 | 15 30 oa eae eet ou 10 | 15 | 15 40 

HOME ae ee see 10 | 15 |} 15 40 BU) eps ee me BS | Gy |) TS | TUS 50 
Lh As ers 5 | 10 | 20 | 15 50 Nits one Be | eee 10 | 20 | 20 | 20 70 
1 Aa Ee eee ae 5 | 15 | 20 | 20 60 12 eee 5 10 | 25 | 20 | 20} +80 
134 |Ee | ee 10 | 20 | 20 | 20 70 13 Dileto 20 | 25 | 20 | 25} 100 
14 10 | 20 | 20°} 25 80 14 10} 5 25 | 25 | 20 | 25 110 
15] 5} 5 | 15 | 20 | 20 | 25 90 15 Gy | & 35 | 30] 20 | 25} 130 
16 | 10 | 10 | 20 | 25 | 20 | 25 110 16 15 | 10 40 | 35 | 20 | 30} 150 
17 }.10 | 15 | 20)) 30°) 20 | 25 120 17 20 | 15 50 | 35 | 20 | 30 | 170 
18 | 15 | 15 | 25 | 30 | 20 | 25 130 18 35 | 15 59 | 35 | 20} 30; 190 
19 | 25 | 20 } 30 | 30 | 20 | 25 150 19 45 | 20 70 | 35 | 20 | 30 | 220 
20 ; 30 | 20 | 30 | 30 |} 20} 30} 160 20 60 | 20 75 | 35 | 20 | 30 | 240 
21 | 35 | 25 | 35 } 30 | 25 | 30 180 21 75 | 25 80 | 35 | 25 | 30 | 270 
22 | 45 | 30 | 40 aN 25 | 30 | 200 22 90 | 25 90 | 30 | 25 | 30; 290 
23 | 60 | 30 | 45 | 30 | 25 | 30} 220 23 105 | 25 95 | 40 | 25 | 30 | 320 
24 | 70 | 30 | 55 | 35 | 25 | 35 | 250 24} 120) 25 95 | 40 |-25 | 35 | 340 

12-foot logs 16-foot logs. 

(ul eesq| Seesieseellaese 10; 10); 20 tos ie lee a 5 | 15} 10 30 
Sasa soot 5 | 10) 15 30 8 lee. 5s] Seeleeeeee 10 | 15 | 15 40 
Oy seal een 10} 15 | 15 40 Oa eee | eee | Cee 15 | 20 | 15 50 

OR Pees ee 5 | 15.) 15 | 15 50 LOS sees ses 5 | 15 | 20 | 20 60 
IIE pee eset Pee 5 | 20 | 15 | 20 60 ne epee & 10 | 20 | 20 | 20 70 
127}. 5 | 10 | 20 | 15 | 20 70 12 Deed 15 | 25 | 20 | 20 90 
ISA One S55) 205 pd) 20 80 13 cae fee) 20 | 30 | 25 | 25 110 
14} 5 5 | 20 | 25 | 15 | 30] 100 14 OR Ero 35 | 30 | 25 | 25 130 
15} 10) 5} 25 | 25 | 15°) 30) 110 15 15 | 10 45 | 30 | 25 | 25 150 
16 | 15 | 10 | 30 | 30 | 15 | 30 | 180 16 25 | 10 55 | 35 | 25 | 30} 180 
17 | 25 |.10 | 40 | 30 | 15 | 30 | 1850 yf 30 | 15 60 | 40 | 25 | 30 | 200 
18 | 30 | 15 | 45 | 30 | 20 | 30 | 170 18 40 | 15 70 | 40 | 25 | 30} 220 
19 | 40 | 15 | 50 | 30 | 15 | 30 | 180 19 55 | 20 80 |} 40 | 25 | 30} 250 
20 | 50 | 15 | 55 | 30 | 20} 30} 200 20 70 | 25 90 | 40 | 25 | 30 | 280 
21 | 60 | 20 | 60 | 30 | 20 | 30} 220 21 90 | 25 100 | 40 | 25 | 30} 310 

©22 | 70 | 25)| 65 | 35, | 2051355)" 250 22; 110 | 25 110 | 40 | 25 | 30 | 340 
23.| 85 | 30 | 70 | 30 | 20 | 35 | 270 23 130 | 25 115 | 40 | 25 | 35 | 370 
24 | 90 | 30 | 70 | 35 | 25 | 40 | 290 24 145 | 25 120 | 40°) 25 | 35 | 390 

Based on mill tally of lumber from 1,530 logs. 



THE NORTHERN HARDWOOD FOREST. 

TABLE 41.—Beech log scale,! Windham County. Vt. 

CURVED. 

10-foot logs. 14-foot logs. 
Grade of lumber. Grade of lumber. 

Diameter Diameter | 
at ists at ists 

small and leaden 2 Ges OC. hotal: small and! J ECs | 21Gs5)- 31 Ca horas 
end. 2ds. end. 2ds. 

} i 

Volume—board feet. -Volume—hboard feet. 

Inches. | Inches | 
£3) Sra Sea epete a ee CE 5 25 30 Saad epee Al hae 5 25 30 
Qe | Reaae ea eg oe 10 20 30 Que eee 5 10 25 40 

a0 nel [ees 10 10 20 40 UQseowe es 10 10 30 50 
iB Lets 3) pean Se 10 15 25 50 Tilt | ee 20 15 35 70 
ADF errr 15 15 30 60 12 5 20 15 40 80 
13 5 20 15 30 70 13 15 25 20 40 100 
14 10 25 15 30 80 14 20 30 20 40 110 
15 15 25 15 35 90 15 25 35 20 50 130 
16 20 30 20 40 110 16 35 40 | 25 50 150 
17 30 35 20 45 130 UG 45 45 25 55 170 

12-foot logs. 16-foot logs. 

Sinema | eae as ag a 5 25 30 Sie |e iselac esc 10 30 40 
co le iad wae 5 10 25 40 Sieg ees BS 10 10 30 50 
Oise 10 10 30 50 NOE ae 10 15 35 60 
dE iter reer 15 15 30 60 11 el eee 20 20 40 80 
1G, 5 115 15 35 70 12 5 25 20 40 90 
13 10 20 15 35 80 13 15 30 20 45 110 
14 15 25 15 35 90 14 20 35 25 50 130 
15 20 30 20 40 110 15 30 40 25 55 150 
16 30 35 20 45 130 16 40 45 25 60 170 
iG 40 40 20 50 150 17 55 55 25 65 200 

1 Based on mill tally of lumber from 631 logs. 

637°—Bull. 285—15——5 
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“ 

Tasie 42.—Sugar maple log scale,! Windham County, Vt. 

CURVED. 

10-foot logs. 14-foot logs. 
Grade of lumber. Grade of lumber. 

Diameter Diameter 
at ists at ists 

small Angel Oai|e2 Canis Carl Lhotale small anda Cale 2 Cac 3 Caaiehotale 
end. 2ds. end. 2ds. 

Volume—board feet. Volume—board feet. 

Inches. Inches. 
PSN «| Noe peat fe ie 5 15 20 FOS NaS eee eee 10 20 30 
Soe a aeed es ee era 10 20 30 Su eecree ee 10 25 40 
Oger]. hea ee | 10 20 30 xtra Fee 10 10 20 40 

1OPSIS22-ee 10 10 20 40 One eee 15 10 25 50 
11 5 15 10 20 50 11 5 20 10 25 60 
1 5 20 15 20 60 - 12 LOVEE oO 15 30 80 
13 10 | 25 10 25 70 13 15 30 15 30 90 
14 IS ot Pas 15 2d 80 14 25 35 20 30 110 
15 25 30 15 20 100 15 35 40 20 35 130 
16 35 30 15 30 110 16 50 40 20 40 150 
17 50 30 15 35 130 17 60 40 2 40 160 
18 60 30 15 35 140 18 80 40 20 40 180 
19 75 35 15) 35 160 19 100 45 20 45 210 
20 90 40 15 35 180 20 | 120 45 20 45 230 

12-foot logs. 16-foot logs. 

Timgllis 2, Segall cane 5 15 20 7 fie| RES 8 ee 10 20 30 
Semi Cea 5 5 20 30 oy | ee ae 5 10 25 40 
GAR |e ees eae 10 10 20 40 Qaules Uae 10 15 25 50 

Td Fae 10 10 20 40 TORS See 15 15 30 60 
11 5 15 10 20 50 11 5 20 15 30 70 
12 10 20 15 25 70 12 10 30 20 30 90 
13 15 25 5 25 80 13 20 35 20 35 110 
A lee 20) 30 15 25 90 14 30 40 20 40 13 
15 | 30 35 15 30 110 15 45 45 20 40 150 
16 ENS lo ais 15 35 130 16 60 45 20 45 170 
17 | 60 | 35 15 | 40 150 17 75} G50 le 220 «4145 190 
18 70 35 15 40 160 18 90 50 25 45 210 
19 85 40 15 40 180 19 100 50 25 45 230 
20 | 100 40 20 | 40 200 20 140 55 25 50 270 

1 Based on mill tally of lumber from 943 logs. 
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FORM TABLES. 

The following tables give diameters inside bark at different heights for average 
birch, beech, maple, and basswood trees in Michigan and Wisconsin. Above breast- 
height, the distance from the ground are in units of 8.15 feet above a 1-foot stump. 

These units represent the half of a 16.3-foot log. The practical use of these tables 

is to permit scaling trees of given size in terms of any desired log rule, but they also 
serve as a basis for comparing the species with regard to form. (See similar tables 
in Bulletin 152, ‘‘The Eastern Hemlock.’’) 

TABLE 43.—Form of yellow birch in the Lake States. 

50-FOOT TREES. 

Height above ground—feet. 

Diameter, 
breast- ul | 7} | 3 | | 9.15 | 17.3 % 45 | 33.6 1 75 | 49.9 | 58.05 | Basis. 
high. 

Diameter inside bark—inches. 

Inches. Trees 
ANA sey Reeder el Oe mela teas: Se Ole hepa aoe epee aie es soak | aro hs cic | ae ee eee eee 
Ey nee RO sl Eee Sores AG Oe wea 8h fie |e oul eerea (ial lech Men) aptera Sper ce | oe apa oe 5 
Oly Coat! Gee Sil eae Ost 9 Celeee O e Sidn | Gis Oem esa ts [i ie ls 1 
TONES GPR 7 Ob OS. (al Was OS ler eon eds delete se lewee S|Sa—o selene oe 2 
8 | 10.1 Salell Sel (ey Or lie OO OS: coe Ideas ean Pe oe | vey eae eee ote cif eae a 1 
ORI SU aig ae NO ma lheO pl aelern Om limads On iaadeon | nen Ona| Perseete ene fox toe le ae 2 

1a eel ein | alt ele ONO mee Os OrlineSa.(allgmeon On| bers Oblesceere| Grice oni Srece ce |eicinciclice ta<terare 

11 

60-FOOT TREES. 

Gea Sl EN Ol Sy Bae Sal DATE | 1.9 TT i Pe rae te LNs 
eli a Onl Re te Gt) aE Ne Site lhe Shy adaiy:  AAAO le ed Let ea oe aera ee il 
62724 6255 D4 9n | eos On agon ASG |\pe4NOL Baan. le oioulae aaaelerenae 2 
Cl eS (Os ees Oe |eaGs GullmO2 ln eee oul mAs oul eed) eee) [eae lee aes 6 
Ca LON Zinta Seu. 7.9 (Onl aE O* Ose Gesell OvOn aaite OF lee Salem eee |aa ye 7 
OB lease OSS [sO On taee Onl aed Ob |e bho alee ONG! |ieeDs or lhe oo O ee cic sedmetis as 6 

10 | 13.0 | 10.9 | 9.9] 9.5 8.7 Ce Oe ee TOW ae OS Oe 4.3 |e Slee aoa. 9 
1) ASA AH Om elle Os) 1ONS ey. 95 Daler Ss 7% Meth ee OF Oe le Oe eee ea 5 
U2 laa 43.03 oll 9 4 te Sa 1Ol Sales9: Sale oS: 3 HOS lines OS Ds | esas ce | cose 3 
te aa eh IO al esa el de Lela Ok One 9h Ooleeds OF leeds OF laeo. Soleo oS. yo lek See 
AG USE Orla uo cl Seu elios Qala Se |ehOs feels 29 OalmiS: 2 | Oud: [eae leccc cic 1 

40 

70-FOOT TREES 

| 
CE (aol ec OWOm aD SON | pOmOe a See ele 4eOn| desi la Ski a 2.07 1.9 ial 1 
eee led (a0 sienOs Gull sOnOnlscouon|PonO)|) 45.2) |> co.0. |) 254 15 4 
Sa Sl Nase ss6 45 S20 7.5 TED Wi OSB Ao EAP EO eZ EOS a Oa ales 3 
95 SOE O71 859) = 1855 Wd Tail Ge Sulecoud | 456" ronda ihe Deul Sia 

LOS) SA2SOri MOSS = O50) O55) Ss 7 7.9 ook Gale cate 4 NOs ono 15 
1S Ae ele Se AO! | 10Y4 9:5 Sale ein TSO oO eh WY 9 
Zale Om pee2 Or elt 9) |e A a OS4 a 1ON5 8.7 et || OH) GeO 4) 850 15 
PSmetOnSmil Aaa boitol et st des (l053) | 39554) 8.5 USGA By B54! 11 
A Sri alent Oe se mio ett | OY 2 1 Os 2 7.9} 6.1 3.9 5 
He LOS Groe lon de 14ers TOe | 11. 84) 10:9) 12 959) 12 825) | 16.4 4.2 2 
GM EAOnOm ei 4s el Gee eth ite thos 266: | ade 7 1ONGa) 6952 (Asal 5 
ieee SsomielilellOnOn ale 7 (el3.4 912.3. |e tle sn 959 Yois | 2k 8 2 
So 2seelet On tls ton Onl 15.6) 1) 1453" | 135 22| 1250) |) 1Oe5 | 874 5.3 3 
LOR SZ O20 all San ies ll LOso) (14. 9) | 13n8 402565) M2 829.2 56 2 
ZV) AOS | PAO) FOL) PU Te | ae ie eI) I Bi aes eC ayalhs Chal 1 
Mie ASelale2oa0) | 2059) ll OV) LS) On 16535) Lele 3591/1255) | TON 6.5 1 
Domo Oso eesa | 21h 8) 2026) | 1S. Sl tied 15d | ae | Tsetse 10s 7 | 629 1 
Wey Bly 4h PARR || POS |) AR Bye 7 abe teat Gy Gini) syed alaeecye bbs} (ea ees aa 
DAM AO n | AOeO Aol oon 4a|e 20s Del Seon lija | slOnOn| a 4edi i tie9 7.8 1 
DIB SAMoe | OT Oot aheco nee alo on OL SmlliyAS lO: Oletond [el2e5 8.3 1 
Zon eaO som eZ Ole 25s OE) e224 One22: Sula2Os2llonoe pelican Louies t SRSuiln ae eee 

90 

1 Gogebic and Wexford Counties, Mich.; Marinette and Vilas Counties, Wis. 
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TABLE 43.—Form of yellow birch in the Lake States—Continued. 
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TABLE 44.— Form of beech in Michigan. saat be Apa i * 5 a [> \ ae 

40-FOOT TREES. 

Height above ground—feet. 

Trees. 

Moricelcs Wa 

33.6 41.75 Basis. 17.3 2549 1 | 91s 3 1 
Diameter, 
breast- 
high 
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TaBLE 44.—Form of beech in Michigan—Continued. 
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50-FOOT TREES. 

Height above ground—feet. 

Diameter inside bark—inches. 

BULLETIN 285, U. S. DEPARTMENT OF AGRICULTURE. 

TABLE 45.— Form of sugar maple in the Lake States. 

72 

C
e
 

e
y
 
e
e
 
G
e
 

e
l
k
e
 

Ng) 

C
E
 

e
T
 

e
r
 

N
O
D
 

H
H
 1 

6
 

6 
P
=
 
C
O
 

PY Pom eek Reset Fenn Teed eel Pacem Jo aea Lotal Peet Pen) 

| 

W
S
O
 
O
D
 
S 

P
s
 2D 

r
t
 
O
D
 bs 

1
D
 r
t
 
O
D
 D
>
 S
H
 

C
E
C
T
 

O
n
 

u
s
 

taal Taal 

H
A
O
 

C
O
C
O
 
O
D
 
N
O
 
O
O
 

H
Y
 

© 
0
0
 1D 

N
O
)
 

t
H
 t
H
 1d 

S
O
 I
+
 
0
0
 0
0
 
&
)
 O
r
 
r
i
r
e
 

| 

D
>
 
P
m
 
O
H
 

O
D
 r
H
 
O
D
 P= 

O
H
 

H
t
 O
D
 P
=
 19 

O
D
 

N
O
D
 

H
I
D
 
S
O
 I
 

Is¥ 
O
D
 

O
r
n
 

a
 

a
H
 OY) P

A
 
>
 
C
O
 S
O
 1
0
 
GYD r

t
 

I
T
T
Y
 
S
i
e
 Riss O

2
0
 

DD I» ( eh 09 0 rt] CO 

O
D
 
H
i
m
 
S
O
 b= 

C
O
 

O
r
a
 r
i
e
 

O
D
 
N
I
 r
H
 
O
O
D
 
O
O
 P= 

I~ 
10 

H
i
d
 

I
~
 I
=
 
C
O
D
 
O
r
t
 F r
r
 

D
R
O
 

O
M
m
M
m
O
w
O
 

ID 
H
I
D
 
O
M
O
G
B
O
n
A
 

S
e
t
e
 

S
H
O
N
 
O
D
 

I
 

1
0
 
0
0
 
H
I
 O
D
 P= 

C
O
 S
H
 N
T
 

O
O
 
H
d
 

S
O
 S
O
 I= 

O
O
 OD) © 

r
t
 r
t
 

60-FOOT TREES. 

O
I
D
 
H
O
D
 
AI A 

O
O
 

I 
0
1
9
 00 A

A
 

O
A
 
I
G
 S
M
W
A
S
 

S
H
A
 
e
s
 s
i
d
 1
5
 

S
e
s
 a
e
 B
e
s
 
o
e
 
e
s
 B
e
 

0
0
 0
0
 Im 

1
9
 

S
H
 O
D
 6
 
r
H
 
© 

O
D
 0
0
 S
O
 
1D 

=
H
 

A
A
 

A 
O
O
 

D 
00 00 

> 
b> 

1
0
 
H
O
D
 
O
D
 

| 

I
<
 IM IM IH IV 

O
D
 
A
D
A
R
A
O
R
O
O
 

S
s
H
I
g
 
O
l
 
O
M
O
M
m
N
 

‘ 
n
e
e
 

1 Gogebic and Wexford Counties, Mich.; Marinette and Vilas Counties, Wis. 

O
R
O
N
O
 HH) 

s
o
t
 ey 

S
e
t
e
 

C
o
k
e
 
r
e
e
f
 
H
O
E
]
 t
t
 



73 

Trees. 

1 
HOOCO MN A 

H
1
9
1
9
1
9
1
9
 

I
R
 

‘ 
. 
e
e
e
 

. 
. 

88 

O
P
 S
0
0
0
 

O
S
C
R
 
M
O
E
 

C
o
 

s
n
 

a
y
 

c
r
e
 

sp Oise: 
a
0
 a
a
 

MiHONN 
e
t
 Chee 

U
E
 
N
A
 CIS OAMEAD\) Mv Or

 
eoe h

e
 rm
 nO
 yomey le (haus BletCR line 

e
e
l
 
n
e
 

Crs ACD vata yee (yr et p
c
s
 

U
C
 Nei Chanel Ione See Choirait bo Brel Lent heeak (ey 

miatt Wesel e
r
n
 

O
P
 
O
r
e
 

Mie 
O
R
S
 0
0
0
 

U
O
e
,
 
D
e
e
 r
a
r
 U
e
 
e
n
a
 
y
O
 sed 

s
D
)
 
M
g
 err tae 

O
2
0
.
 
|
 A
e
S
O
R
S
O
A
S
 
O
O
O
 

S
E
 

S
E
 

O
a
t
)
 
S
D
S
 

a
e
 

C
o
n
t
e
 

0
A
 

t
i
e
 M
O
 
A
O
 

t
e
 
O
N
O
 

D
e
 
0
5
 
O
S
 

0 
O
i
 
Der 

Dasrot) 

S
i
l
e
l
n
e
 
Muleoiel sae! Mrepcle) 

a
 e
r
i
e
m
 

e
l
 
e
n
e
 
n
e
 

est 
we 

e
a
r
 e
n
e
 

O
t
 

N
N
 

O
D
 0
9
 
0
9
 
S
H
 OSH L

D
 1
9
 1
9
 1
9
0
 C
O
 
O
E
 

O
M
A
 

M
O
D
O
O
N
K
R
H
A
R
A
O
N
O
M
 

H
A
N
 
M
O
H
 

C
O
N
 

O
A
S
 
A
S
S
H
 
e
r
i
e
 

17.3 | 25.45 | 33.6 | 41.75 | 49.9 | 58.05 | 66.2 | Basis. 

70-FOOT TREES. 

Height above ground—feet. 

Diameter inside bark—inches. 

= 

THE NORTHERN HARDWOOD FOREST. 

D
I
D
A
O
N
D
M
O
 

A
r
 
A
D
M
H
O
W
M
W
 
A
s
O
 

w
o
 

e
e
e
 0
)
?
 O
r
y
 @ 

e
N
O
 

O
a
 
O
S
 1
6
 ten O

e
 

0 
Oye 

e
a
g
e
r
 

e
n
e
 

f
e
l
 
tey 

e
e
.
 

H
i
g
 
G
S
M
 
E
O
B
A
S
S
H
A
 

A
H
 
o
O
 dHI5 S

e
e
s
 

O
A
 
O
O
N
H
R
O
A
R
B
O
N
O
D
M
A
K
 

T
A
L
 M
i
g
 

G
S
K
 

A
A
S
B
S
O
S
H
A
A
 

M
H
 

H
i
n
 

c
s
 
e
e
 

OI
il
D 

MA
M 

A
H
O
W
O
M
H
O
K
M
H
E
D
H
O
R
O
N
 

H
i
d
 

S
M
 
W
H
H
B
O
R
A
A
O
 

Hd
Hi

dn
 

c
o
r
 

o
d
 

B
e
 

e
s
 

F
e
 

O
e
 

n
O
 

e
e
 

O
e
 

O
e
 

s
f
 

P
e
 

|
 

S
O
D
 

O
1
9
 

O
A
 

O
h
 

©
 

H
e
a
 

0
0
1
9
 

6
9
 

©
 

C
O
 

W
O
S
M
O
H
O
S
B
S
O
H
A
N
G
D
H
 

I
D
S
 

A
A
S
 

S
e
a
t
e
d
 

OD OD NI ral © 2 CO B= P= © 19 09 OD) I 1 © OD 00 00 

WOrKHAHASANDHSSOKRADBOSH 

See 

aaa 

AANA 

F
w
u
o
o
t
a
a
r
t
(
 

A
N
A
 

A
A
A
 

H
O
D
O
D
O
D
O
 

W
I
S
M
O
H
B
S
O
H
A
N
G
 

H
o
 

ig
nh
Kr
 

A
d
d
s
 

S
e
e
 

a
e
a
e
d
e
a
e
S
 

(ee) 

9 
0| 2 
1 
1 

ev
en
 

e
)
 

al
eh

in
 

e
n
e
 

e
l
e
l
 

me
) 

S
e
r
 

le
li
st
ei
s 

-a
ne
ne
 

e
e
 

s
v
e
p
e
e
l
 

v
a
s
e
l
i
n
e
 

e
t
 

e
l
 

r
a
 

r
s
 

r
t
 

t
e
 

e
t
d
 

| 2 | 2 | 45 | ou 

TaBLe 45.—Form of sugar maple in the Lake States—Continued. 

eter, 
breast- 
high. 

Diam- 

D
e
 

D
e
 

D
2
 

O
d
 

H
O
)
 

C
O
 

P
=
 

O
O
 

C
O
 

M
Y
 

0
0
 

S
H
 

O
D
 

eb
en

 
e
h
 

s
e
y
 

W
e
i
 

ta
ls

ii
en

it
 

e
f
 

l
e
p
w
e
l
o
p
 

e
s
e
 

ne
) 

i
e
 

er
mn
e!
 

Un
e 

e
l
 

me
ls
 

6
.
 23 | 30 

24 | 31 

S
e
o
 

wp
el

eg
. 

C
e
 

er
in
ec
te
) 

t
r
 

e
n
 

e
u
r
 

e
i
n
e
 

e
l
 

ti
e 

6 
e
e
 

r
e
 

S
e
e
r
 

em
nt
 

e
n
 

Ul
 

mi
ie
 

w
y
 

et
er
s 

ei
er
el
 

e
r
m
a
l
 

@i
ur
er
in
ei
n 

eo
 

v
i
e
t
 

a
i
e
 

mi
s 

tU
el
y 

e
e
 

m
e
i
 

T
e
n
n
e
r
 

le
l 

m
i
a
m
n
e
l
u
e
l
v
e
l
s
t
e
 

SSeS SS 

O
H
O
N
M
R
I
D
A
B
D
N
A
K
N
M
A
N
O
O
N
K
N
 

M
O
M
 

M
A
H
I
 

G
S
S
N
M
H
A
H
B
S
S
H
A
A
N
G
D
 

O
H
 

H
i
d
i
g
c
s
 

' S
O
 

r
s
 

e
n
 

e
e
 

O
O
 

e
h
 

B
e
 

80-FOOT TREES. 

1 
u 
3 
0 

O
A
M
 

OD
 

H
O
O
A
B
D
O
A
N
 

BD
 

M
A
N
O
 

H
1
9
 

T
i
G
S
S
N
M
H
S
H
H
S
O
S
H
A
A
N
 

G
H
A
 

IS
 

i
D
S
K
R
K
A
H
S
 

S
e
 

c
e
 

O
n
 

e
e
 

O
e
 

O
O
 

O
O
 

O
O
 

O
n
 

M
N
A
B
O
O
M
O
n
H
A
E
 

D
H
 

K
R
H
O
R
 

M
O
D
E
S
T
O
 

W
S
S
H
O
A
B
A
S
H
H
A
G
S
 

H
i
d
 

i
d
S
S
r
A
d
S
S
 

A
e
s
 

e
A
 

S
e
 

S
e
 

S
S
S
 

S
I
N
 

S
D
D
 

O
D
 

ES
 

C
0
1
9
 

N
Y
 

O
D
 

P
e
 

S
H
 

O
L
 

0
)
 

O
N
 

O
O
 

1
9
 

I
E
 

O
D
 

D
D
 

C
S
S
 

S
O
 

A
I
O
)
 

SE
C 

S
E
O
 

S
O
C
 

R
E
O
.
 

S
E
C
 

I
N
O
 

ai
t 

Mi
er
 

Sa
al
 

S
E
 

O
n
 

Oi
re
 

sl
 

rs
et
 

r
a
 

fa
me

d 
o
o
 

i
e
e
e
 

el
sw
e 

S
i
p
s
 

e
s
 

le
y 

ne
) 

r
e
 

si
e 

ee
nc
ne
 

o
e
)
.
 

e
m
d
e
m
i
e
e
e
 

pi
le
) 

e
l
m
a
 

t
e
e
)
 

ye
ih

ie
 

S
e
e
 

S
e
 

e
S
 

S
S
S
 

S
A
S
S
 

A
N
N
N
N
 

SOM IDHAN HOM INMHOPINMANOWO IDC 4 NNKASSHANG HS SSN OMHBSHANG Hid 

SSS 

SAA 

ASMA 

NNNNNNANN 

T
O
A
 

O
O
O
M
M
O
M
H
N
M
N
N
 

R
A
 

A
S
A
T
 

N
N
 

S
S
e
S
 

S
S
 

R
S
 

S
A
 

A
A
N
N
N
A
N
N
N
A
N
N
A
N
A
N
N
 

£
O
 

21
D 

1 
S
H
 

GY
D 

S
H
 

Y
D
 

CV
D 

O
D
 

O
D
 

O
D
 

O
D
 

S
H
 

M
H
 

S
H
 

IL
D 

C
O
 

E
-
 

C
O
D
 

O
M
N
 

e
e
l
 

ha
, 

S
e
e
 

ek
ki
 

e
t
y
 

6 
c
h
e
 

em
i 

e
e
u
n
 

e
w
e
r
 

w
e
 

f
e
e
 

y
e
h
 

e
e
 

a
n
 

r
 

e
e
e
 

he
le
n 

e
e
 

0 

S
S
S
 

S
A
A
S
 

S
H
A
 

N
N
N
N
N
N
N
N
N
 

O
D
 

D
O
D
D
S
 

S
S
O
 

O
O
 

4
 

H
h
 

09
 

19
0 

© 
L
P
 

S
d
 

4 
0
9
 

1
9
 

0
0
 

G
D
 

9
.
 

1
0
 

S
n
 

e 
l
e
 

S
e
r
 

s
e
 

e
y
e
 

en
w 

O
e
 

Re
y 

O
l
e
a
n
 

8
)
 

li
s)

 
V
e
s
 

F
e
 

La
g 

i
b
y
 

O
e
 

a
b
 

e
n
a
 

e
e
e
 

e
e
e
 

A
e
 

o
e
 

Ke
ho
e 

e
l
a
 

e
m
u
 

e
r
 

W
r
 

r
e
 

6 
e
e
r
 

ab
el
 

em
ii

ar
 

a
 

te
) 

s
e
l
 

u
e
 

pe
ne

ta
 

e
w
w
 

e
e
:
 

W
O
M
A
N
H
O
O
D
 

D
A
N
M
N
O
W
O
n
M
M
O
M
 

A
D
O
 

S
S
S
 

S
S
 

S
N
 

N
N
N
 

A
N
N
 

O
D
 

0
9
 

8
)
 

0
 

O
O
 

0
 

O
D
 

S
H
 

O
D
O
A
N
M
H
I
Q
D
O
M
O
D
O
A
N
 

G
D
 

H
I
G
O
r
D
 

O
D
S
 

S
S
S
 

S
S
 

S
S
N
s
 

A
N
N
N
A
N
N
A
N
N
N
A
N
N
 

O
D
 

94 



- 

BULLETIN 285, U. S. DEPARTMENT OF AGRICULTURE. 74 

Taste 45.—Form of sugar maple in the Lake States—Continued. 
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TABLE 46.—Form of basswood in the Lake States. 
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TABLE 46.—Form of basswood in the Lake States—Continued. 

90-FOOT TREES. 

Height above ground—feet. 

Dianeter,|——— ——— — Ooo —oeoeeaS=Qo I —oooooooomaas—=] = 
preast- | 1 | 2 | 3 | 4.5 | 9.15 | 17.3 | 25.45 | 33.6 | 41.75 | 49.9 | 58.05 | 66.2] 74,35| 82.5 | Basis. 

Diameter inside bark—inches. 

Inches. Trees. 
10 | 11.3) 9-9) 9.41 9.0) 851 806 25> Cie GsGne se) tba2 | 4.4 3. oa leg ee 
VL | 12.7 | 110) 10,4 | 10, OjpcOide veut NRSt heerote haze)" ba 74 458) ss5e non eee 
12)| 14.2:]12:1 | 11.4 | 10:9 | 10:3 | 9.5] 89) 84) 8 ih 0 | G.27185-3 | 3.91 Q0eme 
13°| 15.8'| 1332") 124 TS) TI | 10.27) 9569) Olt | 825 ar | Gas) oes (Aes oleae 
14 |17.4 | 14.4 | 13.15 | 12.8 | 12.0 | 11.0} 10.3 || 918 | Ou} 833 | 7416. 2:1 45 Weol al no 
15 | 19.1 | 15.6 | 14.5 | 13.7 | 12.8] 11.8] 11.0] 104] 98] 9.0] 7.9167}49125| 2 
16 | 20.8 | 16.8 | 15.5 | 14.7 | 13.6 | 12.5 | 11.7] 11.1] 104] 96] 8517.2/52/26] 7 
17 | 22.6 | 18.1 | 16.5 | 15.6 | 14.4 | 13.2 | 12.4 | 11.7] 11.0] 10.2] 90/76/56/28] 5 
18 | 24.3 | 19.4 | 17.5 | 16.6 | 15.2 | 13.9 | 13.0 | 12.3 | 11.6] 10.8] 9.6/80|5.9|/3.0] 4 
19 | 26.0 | 20.8 | 18.5 | 17.5] 16.0 | 14.6 | 13.7 | 12.9] 12.2] 11.3]10.1/85/63|31] 4 
20 | 27.6 | 22.0 | 19.5 | 18.5 | 16.8 | 15.3 | 14.3 | 13.6 | 12.8) 11.9 | 10.6) 9.1 | 6.6}]3.2] 20 
21 | 29.1 | 23.3 | 20.5 | 19.4 | 17.6 | 16.0 | 15.0 | 14.2 | 13.4 | 12.4] 11.1) 9.5] 7.0/3.4] 12 
22 | 30.6 | 24.5 | 21.6 | 20.3 | 18.2 | 16.7 | 15.7 | 14.8 | 14.0 | 13.0] 11.7) 9.9} 7.2/3.6) 6 
23 | 32.1 | 25.7 | 22.6 | 21.2) 19.2, |.17.4 | 16.3 | 15.4 | 14.5 | 13.6 | 12.2 /104)7.613.7| 7 
24 | 33.4 | 26.8 | 23.6 | 22.2 | 19.9 | 18.1] 17.0 | 16.0 | 15.2 | 14.2 | 12.8 |10.9|7.9|3.9| 8 
25 | 34.8 | 28.0 | 24.7 | 23.1 | 20.7 | 18.8 | 17.6 | 16.6 | 15.8 | 14.9 | 13.3 |11.4/8.3]/4.0] 4 
26 | 36.1 | 29.2 | 25.8 | 24.1 | 21.5 | 19.5 | 18.3 | 17.2 | 16.4 | 15.4 | 14.0 |11.9| 8.7/4.3) 6 
27 | 37.4 | 30.3 | 26.8 | 25.0 | 22.2 | 20.2 | 18.9] 17.9 | 16.9 | 15.9 | 14.4 /12.3/9.1| 46] 3 
28 | 38.7 | 31.5 | 27.9 | 26.0] 23.0 | 20.8 | 19.6] 18.5] 17.5 | 16.5 | 15.0 12.8|9.6|4:9| 2 
29 | 40.0 | 32.6 | 29.0 | 26.9 | 23.8 | 21.6 | 20.2 | 19.1 | 18.1 | 17.1 | 15.5 |13.3/9.9|5.2] 3 
30 | 41.2 | 33.8 | 30.0 | 27.9 | 24.5 |.22.4 | 20.9 | 19.7 | 18.7 | 17.7 | 16.0 13.7 [104/55] 1 
31 | 42.6 | 34.9 | 31.1 | 28.8 | 25.4 | 23.0 | 21.5 | 20.2 | 19.3 | 18.3 { 16.6 14.2 [108/57] 3 
32 | 43.8 | 36.0 | 32.1 | 29.8 | 26.1 | 23.7 | 22.1 | 20.9 | 19.9 | 18.8) 17.1 /14.7 |11.2 | 6.0 ]_.-.. 
33 | 45.2 | 37.2 | 33.2 | 30.7 | 27.0 | 24.4 | 22.8 | 21.4 | 20.5 | 19.3 | 17.6 |15.1 11.6162) 2 
345| 46.5) | 38./4-1.34.12) | 81174) 27.7:) 25.2) 238. 5.| 22.17) 20/1/2008) 1862-105: 7 WSc08 | @edel tae 
35 | 47.9 | 39.5 | 35.2 | 32.6 | 28.6 | 25.9 | 24.1 | 22.7 | 21.7 | 20.5 | 18.7 16.2 {12.4 | 6.6 |.....- 
36 | 49.3 | 40.6 | 36.3 | 33.6 | 29.4 | 26.7 | 24.8 | 23.3 | 22.3 | 21.1 | 19.2 /16.7 [12.8 | 69 |.....- 
37 | 50.7 | 41.8 | 37.3 | 34.5 | 30.2 | 27.4 | 25.4 | 23.8 | 22.9 | 21.7 | 19.7 {17.2 /13.3 | 7.1 
38 | 52.0 | 43.0 | 38.4 | 35.4 | 30.9 | 28.1 | 26.1 | 24.5 | 23.5 | 22.2 | 20.3 |17.7 [13.7 | 7.5 : 
39 | 53.4 | 44.1 | 39.5 | 36.4 | 31.8 | 28.8 | 26.7 | 25.1 | 24.0 | 22.7 | 20.7 {18.2 [14.1 | 7.7 |.....- 
40 | 54.7 | 45.3 | 40.5 | 37.3 | 32.6 | 29.5 | 27.4 | 25.8 | 24.7 | 23.3 | 21.3 |18.6 [14.6 | 8.0 |....-- 

108 

100-FOOT TREES. 

E'S Height above ground—feet. 
~~ - ee 

Be| 1 | 2 | 3 | 45 [9.15] 17.3 |25.45| 33.6 [41.75] 49.9 [58.05] 66.2 |74.35]82. 5 [90.65] 
Ss i 
A 5 Diameter inside bark—inches. S 

In Trees 
12:11452 | 1251 | 01.4} 10.9 | 10.4.) 9.7 | 9.1 | 18.5 18.0) (24 | 46.7) | 5.9: Saeron aie 
13 | 15.8 | 13.2'| 12.4 | 11.8 | 11.2'| 10.4} 9.8 | 9.2) 8.7 | Sol | 753.176.4513) S58 on On eee 
14) 17.4 | 144 | 18-5 | 12:8 | 1250) 11-4 |'10.4)| 9.8] 9121" 86 | 708.1 XG. 9 bey aie ese eae 
15 |19.1 | 15.6 | 1405) 13:7 |12,9 | 11.9%) 41-2 |/10.5.|° 9.9] O34) (8.4) 7361 4. Gino ea eee 
16; | 20:8'| 16.8'| 15.5 | 14:7 | 13.7 | 12.6 | 11.9) 1.2 | 1055) | 959) 9. 0 7.96.50) eer ayalenee 
17 | 22.6 | 18.1 | 16.5 | 15.6 | 14.5 | 13.4 | 12.6 | 11.8 | 11.2] 10.5] 9.6] 84/6.9/5.1/29] 2 
18/243 | 19.4. |' 17.5 | 16.6 | 15:3 | 14.0"| 18.3) 1265 105 8. WL) LOND | ONO) |e bean [ee eee 
19 | 26:0)| 20:8 (18.5 117.5 | 16.1 | 14.8 | 14.0) 18.2 | 1264 | 1037 | 1008) 906. 728i ee. aie aes 
20 | 27.6 | 22.0 | 19.5 | 18.5 | 16:9 | 15.6 } 14:6 || 18.97) 18.4 | 12)3 | 1238) 1000) 6852") Gl Os neeae emee 
229.0 | 23/3 | 20.5) 119.4) 1758 | 1623 15.39/14 5 | 1307} 1209 |S) | VOUS S: aaleG. dense om mee 
22 | 30.6 | 24.5 | 21.6 | 20.3 | 18.5 | 17.0 | 15.9 | 15.1 | 14.3 | 13.5 | 12.4 | 11.0] 9.1) 6.6|3.6]} —3 
23 | 32.1 | 25.7 | 22.6 | 21.2 | 19.3 | 17.7 | 16.6 | 15.7) 14.9 | 14.1 | 12.95) 11,599: 5 26. Saseaa ams 
24 | 33.4 | 26.8 | 23.6 | 22.2 | 20.1 | 18.5 | 17.8 | 16.4 | 15.5 | 14.6 | 13.4 ]12.0]99)7.2/4.0] 7 
25 | 34.8 | 28.0 | 24.7 | 23.1 | 20.9 | 19.0 | 17.9 | 16.9 | 16.1 | 15.3 | 14.0] 12.5 10.4]/7.5]41] 6 
26 | 36.1 | 29.2 | 25.8 | 24.1 | 21.7 | 19.8 | 18.5 | 17.5 | 16.7 | 15.8 | 14.6 | 13.0 110.8) 7.7) 4.2) 7 
27 | 37.4 | 30.3 | 26.8 | 25.0 | 22.6 | 20.4 | 19.2.) 18.1 | 17.4 | 16.5 | 15.2 | 13.5 11.2|80/43} 1 
28 | 38.7 | 31.5 | 27.9 | 26.0 | 23.2 | 21.2 | 19.8 | 18.8 | 18.0] 17.0] 15.7] 14.1 ]11.6}8.2/45) 4 
29 | 40.0 | 32.6 | 29.0 | 26.9 | 24.0 | 21.9 | 20.5 | 19.4 | 18.5 | 17.6 | 16.2] 14.5 ]12.1/86/4.6] 2 
30 | 41.2 | 33.8 | 30:0 | 27.9 | 24.7 | 22.7 | 21.1 | 20.0 | 19.2 | 18.1] 16.8 | 15.0 12.4) 8.9/4.8) 2 
81 | 42.6 | 34.9 | 31.1 | 28.8 | 25.5 | 23.3 | 21.8 | 20.6 | 19.8 | 18.8 | 17.4 | 15.6 12.9}9.1] 4.9] 3 
32 | 43.8 | 36.0 | 32.1 | 29.8 | 26.2 | 24.1 | 22.4 | 21.2 | 20.4 | 19.3] 17.9 | 16.1 |13.4)9.5| 5.2] 2 
33 | 45.2 | 37.2 | 33.2 | 30.7 | 27.0 | 24.7 | 23.1 | 21.9 | 21.0 | 20.0 | 18.6 | 16.6 [13.8] 9.9| 5.4] 1 
34 | 46.5 | 38.4 | 34.2 | 31.7 | 27.8 | 25.5 | 23.7 | 22.4 | 21.6 | 20.5 | 19.01 17.1 (14.3 1103/57] 1 
35 | 47.9 | 39.5 | 35.2 ( 32.6 | 28.6 | 26.1 | 24.4 | 23.1 | 22.2 | 21.2 | 19.6 | 17.6 (14.8 [10.7 | 5.9 }._.-.- 
36 | 49.3 | 40.6 | 36.3 | 33.6 | 29.3 | 26.9 | 25.0 | 23.7 | 22.7 | 21.6] 20/1 | 18.1 (15.2 [11.1 | 6.2 |... 
37 | 50.7 | 41.8 | 37.3 | 34.5 | 30.1 | 27.5 | 25.7 | 24.4.| 23.5 | 22.4 | 20.7 | 18.7 (15.7 |11.4 | 6.4 | o22e: 
38 | 52.0 | 43.0 | 38.4 | 35.4 | 30.9 | 28.3 | 26.4 | 25.0 | 24.1 | 22.9 | 21.3 | 19.2 {16.2 [11.9 | 6.6)...... 
39 | 53.4 | 44.1 | 39.5 | 36.4 | 31.6 | 28.9 | 27.0 | 25.6 | 24.7 | 23.6 | 21.9 | 19.7 16.6 12.1 | 6.7 |...... 
40 | 54.7 | 45.3 | 40.5 | 37.3 | 32.4 | 29.7 | 27.7 | 26.2 | 25.3 | 24.1 | 22.5 | 20.3 [17.1 |12.5 | 6.9 |...... 



Diameter, 

ameter, breast high. 

ie 

— 
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TABLE 46.—Form of basswood in the Lake States—Continued. 

110-FOOT TREES. 4 

rs Height above ground—feet. 

G 

4) 1 | 2 | 8 | 4.5 |9.15|17.3/25.45| 33.6 |41. 75] 49. 9 |58, 05] 66. 2 (74. 35] 82. 5 |90. 65|98.9 

5 Ca ae nen ae 
Diameter inside bark—inches. & 

Trees. 
17.4| 14.4| 13.5] 12.8] 12.1] 11.3] 10.7] 10.2) 9.6/ 8.9] 8.1) 7.3] 6.4| 5.2] 3.81 2.a1..._.- 

15| 19.1| 15.6|-14. 5| 13. 7| 12.9] 12.0) 11.5) 10.9] 10.3] 9.5| 8.7) 7.9] 6.9] 5.7| 4.0] 2.31...... 
16] 20.8] 16.8) 15.5) 14.7] 13.7| 12.7] 12.0) 11.5) 10.9) 10.1] 9.3) 84) 74) GO) 4.2] Ball 
17| 22.6| 18.1) 16.5] 15.6] 14.6] 13.5] 12.8] 12.21 11.5| 10.8] 9.9] 9.0] 7.91 6.5| 4.41 26) i 
18| 24.3] 19.4| 17.5] 16.6] 15.4) 14.2| 13.4] 12.8] 12.1] 11.4] 10.6] 9.6] 8.41 6.8! 4.7] 27| 4 
19| 26. 0| 20. 8] 18.5] 17.5] 16.3] 14.9| 14.1] 13.5] 12.8] 12.0) 11.2) 10.1] 8.9] 7.2] 4:9] 2:8|..... 
20| 27.6] 22.0) 19.5| 18.5| 17.0) 15.6) 14.8] 14.1] 13.4] 12.6] 11.7| 10.7] 9.3] 7.51 5.2} 2.9|...... 
21| 29. 1| 23.3) 20.5] 19.4| 17.9! 16.4| 15.5] 14.7| 14.0] 13.2] 12.3| 11.21 9.8] 7.91 5.5] 3.110... 
29] 30.6! 24.5| 21.6! 20.3] 18.7) 17.1] 16.1, 15.3) 14.6) 13.8] 13.0; 11.8] 10.3! 8.2) 5,8 3.3) 4 
93| 32. 1| 25.7| 22. 6| 21.2| 19.5! 17.8] 16.9| 16.1) 15.2| 14.5] 13.5] 12.3! 10.7| 8.6] 6.1| 3.5|.-.... 
24| 33. 4| 26.8] 23.6] 22.2] 20.3| 18.5| 17.5] 16.6| 15.9] 15.1] 14.1] 12.9] 11.2, 9.0| 6.4| 3.6) 41 
25| 34.8] 28.0] 24.7] 23.1| 21.0) 19.2) 18.1| 17.2] 16.5| 15.7| 14.7] 13.4] 11.6] 9.3 6.6] 3.9|._...- 
26| 36. 1| 29.2) 25.8] 24.1] 21.8] 19.9] 18.8! 17.9] 17.1) 16.3] 15.3] 14.0] 12.1] 9.7| 7.0] 4.11 4 
27| 37.4) 30.3| 26.8| 25.0] 22.6| 20.6) 19.5| 18.5] 17.7| 17.0] 15.8] 14.5] 12.61 10.0, 7.1] 4.21 4 
98| 38. 7| 31.5| 27.9] 26.0] 23.4| 21.3] 20.1] 19.1) 18.3] 17.5] 16.4| 15.0] 13.0) 10.3| 7.51 4.3] 3 
29| 40.0] 32. 6| 29.0) 26.9] 24. 1| 22.0] 20.8] 19. 7| 18.9] 18.2] 17.0] 15.5] 13.5) 10.7) 77| 4.4]... 
30| 41.2] 33.8] 30.0] 27.9] 24.9| 22.7) 21.4] 20.3] 19.6] 18. 8| 17.6] 16.0] 13.9] 11.1| 8.0| 4.7|...... 
31| 42. 6| 34.9] 31.1] 28.8] 25.7! 23.4) 22.1] 21.0) 20.2) 19.4] 18.1] 16.6] 14.3] 11.4] 8.2] 4.81 2 
39| 43. 8| 36,0] 32. 1| 29.8] 26.3| 24.2] 22. 7| 21.6) 20.8] 19.9] 18.7] 17.1] 14.8/ 11.7| 8.5] 49] 1 
33l 45,2) 37.2! 33.2| 30.7; 27.3) 24.8, 23.4| 22.3! 21. 4| 20.5] 19.3] 17.7) 15.3| 12.1; 8.7| 5.0!...... 
34| 46. 5| 38. 4| 34.2| 31.7] 27.9] 25.6] 24.0] 22. 9| 22.0) 21.1| 19.9] 18.3] 15.8) 12.5] 9.01 5.21 i 
35| 47.9| 39.5] 35.2| 32. 6| 28. 7| 26.3| 24. 8| 23.6] 22.7| 21.8] 20.5] 18.8] 16.3| 12.9| 9.2] 5.4/...... 
36| 49.3] 40.6) 36.3| 33.6] 29.4| 27. 1| 25.3] 24.2] 23. 4] 22. 5] 21.2] 19.4] 16.9| 13.3] 9.5] 5.6|...... 
37| 50. 7| 41.8] 37.3| 34.5] 30.3, 27. 7| 26.1| 24.9] 24.0) 23.0] 21.7| 20.0] 17.3) 13.7] 9.8] 5.7] i 
38| 52.01 43.0] 38.4] 35.4] 31.1) 28.5] 26.7| 25.5] 24. 7| 23. 7| 22.3] 20.5] 17.9] 14.1] 10.0] 5.9]_..... 
39| 53.4| 44. 1| 39.5) 36.4) 32.0) 29.2| 27.5] 26.3] 25.3] 24.2] 22.8] 21.1] 18. 4| 14.6] 10.4] 5.9|...... 
40| 54. 7| 45.3] 40.5] 37.3] 32.7) 30.0) 28.1] 26.9| 26.0) 24.9] 23. 5| 21.7 eee 10:6) °6: 1 

17 

120-FOOT TREES. ~ 

Height above ground—feet. 

, | 
1 | 2 | 3 | 4.5 |9.15 [17.3 |25.45) 33.6 [41.75 49. 9 |66. 2 58. 05/74. 35] 82.5 90. 65] 98. 8 106. 95 

nm 

Diameter inside bark—inches. 8 

Trees 
20.8| 16.8] 15.5] 14.7] 13.7| 13.0] 12.4] 11.7] 11.1] 10.4} 9.7] 8.9] 8.0] 6.9] 5.5] 4.0] 2.5/..__.. 
22, 6| 18.1] 16. 5| 15.6] 14.6) 13.6| 13.0) 12.4] 11.8! 11.1| 10.3] 9.4] 8.5] 7.3] 5.8] 4.21 2:61...... 
24. 3| 19. 4] 17. 5| 16.6] 15.4) 14. 5| 13. 7| 13.0] 12.4|11.7| 10.9] 10.0] 9.0| 7.7| 6.1] 4.4} 27\...... 
26. 0| 20.8) 18.5] 17.5] 16.3] 15.1] 14.3) 13.7| 13.1] 12.3] 11.5] 10.5| 9.5] 8.1) 6.3] 4.6] 2.8)... 
27. 6| 22.0| 19.5] 18.5] 17.1] 15.9] 15.0| 14.3| 13.6] 12.9] 12.1] 11.1] 9.9| 8.5] 6.5| 4.7] 2.91...... 
29.1) 23.3] 20.5} 19.4] 18. 0| 16.5] 15.6) 14.9] 14.3] 13.6] 12. 7| 11.7) 10.5] 8.9) 68} 4.9) 3.0...... 
30. 6| 24. 5| 21.6] 20.3] 18.8] 17.3) 16.2 15.6] 15.0| 14.3) 13.3] 12.3| 10.9] 9.2| 7.1] 5.1] 3.2\..... 
32. 1| 25. 7| 22. 6| 21.2] 19.6] 18.0) 17.0) 16.2] 15.6| 14.8) 13.9] 12.8| 11.5] 9.7| 7.3] 5.3] 3.3/...... 
33. 4| 26. 8] 23.6] 22. 2| 20.4] 18. 7| 17.6| 16.9| 16.2| 15. 4| 14.5] 13.4] 12.0] 10.1] 7.6] 5.5] 3.4|_..... 

| 34.8] 28. 0] 24. 7] 23. 1) 21.2] 19.4] 18.3] 17.5] 16.9] 16.0) 15.1] 14.1] 12.6] 10.5) 8.0] 5.8] 3.5|_...-. 
36. 1] 29.2) 25.8] 24.1] 21.9] 20.2| 18.9] 18.2] 17.5] 16.7| 15. 7| 14.6] 13.0| 10.8| 8.4} 6.1] 3.7) 1 
37. 4| 30. 3| 26.8] 25.0] 22. 7| 20. 8] 19. 7| 18. 8] 18.1| 17.3] 16.3] 15.2] 13.6] 11.3] 8.7| 6.3] 3.8/...... 
38. 7| 31.5] 27.9| 26.0] 23. 5| 21.5] 20.3| 19.5] 18.7| 17.9] 16.9] 15.8] 14.1) 11.6] 9.0] 6.6] 4.0|...... 
40. 0| 32. 6| 29.0] 26.9} 24. 4| 22.2) 21.0] 20.1] 19.3] 18.6) 17.5] 16.3| 14.6] 12.1] 9.4] 6.8] 4.2...... 
41. 2| 33. 8|-30. 0] 27. 9| 25.1] 23.0| 21.6| 20.8] 20.0) 19.1) 18.1] 16.9] 15.1] 12.4] 9.8] 7.1] 4.3/...... 
42. 6| 34.9] 31.1| 28.8] 25.9] 23.6) 22. 4| 21.4) 20.7| 19.8) 18.7] 17.5] 15.6] 12.9] 10.0] 7.3] 4.5|...... 
43. 8| 36.0] 32. 1| 29.8] 26.6] 24.3| 23.0] 22.1] 21.3] 20.4) 19.3] 18.0| 16.1| 13.2| 10.4] 7.5] 4.6|...... 
45, 2| 37. 2| 33. 2| 30. 7| 27.4] 25. 0| 23. 7| 22.8] 21.9] 21.0) 19.9] 18.6] 16.6] 13.7| 10.7] 7.7] 4.8|.....- 
46. 5| 38. 4] 34.2| 31. 7| 28.1] 25.8] 24.3] 23.3] 22.5] 21.6) 20.5] 19.2] 17.1] 14.1| 11.0] 8.0] 4.9].....- 
47. 9| 39.5) 35.2) 32.6| 29.0) 26.5] 25.1| 24. 1| 23.3) 22.3] 21.1) 19.7] 17.6| 14.5) 11.3] 8.1) 5.01 1 
49.3] 40.6| 36.3] 33.6 29. 7| 27.3) 25.8/ 24.8] 23.8] 22.8] 21.7] 20.3| 18.1] 14.9| 11.7] 8.5] 5.2]...... 
50. 7| 41.8] 37.3] 34.5| 30.5| 27.9] 26.5| 25.4) 24.5) 23.5| 22.3] 20.9] 18.6] 15.4/ 12.0] 8.7] 5.3].....- 
52. 0| 43.0] 38.4| 35.4] 31.1] 28.8] 27.2] 26.1] 25.2| 24.1| 22.9] 21.5] 19.2] 15.8] 12.3] 9.0] 5.5|...... 
53. 4| 44.1| 39.5] 36.4] 32.0] 29.4] 28.0] 26.9| 25.9] 24.8) 23.5] 22.1] 19. 7| 16.2| 12.6] 9.2] 5.6)...... 
54. 7| 45.3] 40.5] 37.3] 32. 7| 30.3] 28.7] 27.5| 26.5] 25.4| 24.2] 22.7] 20.2] 16.6] 12.9] 9.4] 5. 7/...... 
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