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PRACTICAL FORESTRY IN THE ADIRONDACKS.
INTRODUCTION.
It has long been apparent that the methods of forestry will not find
general acceptance among owners of woodland until it has been shown
by actual trial that they are practicable aud profitable. In order to
provide a series of examples of forest management in different sections
of the United States~ the Departmeut of Agriculture offered in Circu
lar No. 21, Division of Forestry, issued in October, 1898, to give prac
tical assistance to farmers, lumbermen, and others in haudliug forest
lands. · This offer was that the Division of I•'orestry would make a
personal study of a limited number of tracts which seemed to present
favorable opportuuities to illustrate forest management, and, should it
appear advisable after a preliminary examiuatiou, would prepare plans
for the forest work and supervise their execution. No charge was to be
made for the work in case of tracts nuder 200 acres, nor for the pre
liminary examination of la.rger areas; but owners of large tracts were
expected to defray the traveling expenses of the agent or agents of the
Division while engaged in preparing working plans and in the work of
carrying them out, and to furnish such assistance as. was necessary.
The conditions upon which the Division proposed to cooperate with
owners of timber laud are stated in the following agreement with Dr.
W. S. Webb, the owner of Nehasaue Park, one of the tracts considered
in this report:
TIMBER-LAND

AGRl~EMENT.

WASHINGTON, D. C., J.une 15, 1899.
The Department of Agriculture of the United States and W. S. Webb, of New
York, county of New York, State of New York, mutually agree together as follows:
1. The Department of Agriculture, in pursuance of iuvestigations in forestry, and
in order to disseminate a knowledge of improved ways of handling. forest lands,
shall, after personal study on the ground by its agent or ag~:~nts, prepare a plan for
harvesting the forest crop and reproducing the forest on th o land of the said W. S.
Webb, situated and described as follows : 40,000 acres, more or less, of virgin forest
land in townships 37 ancl 3"8, county of Hamilton, and townships 42 and 43, county
of Herkimer, State of New York.
2. Tho said plan shall be preparerl for th e purpose of promoting and increasing
the present value and usefulness of th e said land to its owner, and to perpetuate
and improve the 1orest upon it.
3. Upon the completion of tho said plan and its acceptance by the said
S. Webb,
the Department of Agriculture shall supervise th e execution th ereof so far ns 111ay
be necessary.
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4. The cost of executing the provisions of til is agreement shall be pai<l as follows:
(a) The salaries of all the employees of tile Department of Agricnlturu engaged
in fulfilling this agreement shall be paid by tile Departn1eut.
(b) A preliminary visit of inspection, if required, sllall be wholly at the cha,:ge
of the Department.
(c) Actual and necessary expenses for travel antl subsistence of the agent or
agents of the Department working under this agreement, except as provide'l in the
foregoing paragraph (b), shall be paid by the said W. ·S. Webb. What are "actual
and necessary expenses" shall be determined by the printed regulations of the
Department. Expenses under this paragraph (c) are estimated, for the preparation
of this working plan, a t - - dollars.'
(d) Necessary assistants shall be furnished by the saicl W. S. ·webb withont. cost
to the Department. It is estimated that-·-- such assistants will be required
f o r - - months to prepare this working plan.'
(e) The Department sllall not IHtrticipate in any degree iu the receipts and
expenses arising fro111 said land, except as above provided.
5. The Department of Agriculture shall have the right to publish and distribute
the said plan and its results for the information of lumbermen, forest owners, and
others whom it may concern.
6. This agreement may be dissolved by either party upon ten days' notice given
to the other:
(Signed)
JAMES WILSO~.
(Signed)
WASHINGTON, D. C., June 15, 1899.
The working plan above mentioned being now completed is accepted, and will
be carried out under the conditions and during the validity of the above agreement.
(Signed)
W. 8. WJWB.

The form of agreement with owners of small wood lots is similar
to the above, except that the expenses incurred in the preparation
of the working plans and in :,mpervising their execution are borne
entirely by the Department of Agriculture.
Previous to the publication of Circular No. 21, in October, 1898, it
became known among a number of landowners that an offer of assist
ance was to be made, and, in anticipation, eight application:,; .were sent
in during the summer. Among these were applications from Dr. W. S.
Webb for a tract of 40,000 acres in the Adirondacks and from Hon.
W. C. Whitney for au adjoining tract of 68,000 acres. The forest work
was organized on these lands without delay. On the former no pre
liminary work was necessary, for during the previous year a complete
working plan, which was subsequently published in •'The Adirondack
Spruce," l>y: Gifford Pinchot, had been prepared. On account of the
similarity ;f conditions between the two tracts it was found that tlti
working plan could also be applied in its main features to the WlJit·
ney Preserve. It was only necessary, therefore, to make a rapid
examination of the latter tract, whioh was completed by tlJe writer in
September, 1898.
A full account of the work done on the two preserves is given in the
present report. The writer bas endeavored to state not ouly the poi11ts
' During 1897 a complete working plan was made for Nehasane Park, so that
under thi!l paragraph no expense will be involved.
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in which the work of forestry proved a complete success, lmt ;:tlso how
the first year's lumbering was in certain respects unsatisfactory. (Pl. II.)
At the writing of this report the second year·'s work has already been
begun under the most favorable circumstances and with every indica
tion that the lumbering will be carried on to the eutire Ratisfaction of
the owners and of the Forester of the Department of Agriculture.
In the first part of the report tile problem of forestry in the Adiron
dacks is discussed in detail, witl! special reference to the two private
preserves under consideration. There follows, then, a description of
these tracts and of the forest growing on them, and a special study of
the habits, growth, aud production of the Spruce, with brief mention
of the associated species. In connection with the special working plan
for the preserves, given in the latter part of the report, the loss occa
sioned by ordinary lumbering is discussed in detail, to show the
advantage of conservative methods.
The majOl'ity of the tables in the report aud a portion of the descrip
tive matter, dealing with the sylvicultural character, growth, and pro
duction of the Spruce, llave been largely taken fr-om "The Adirondack
~pruce," with the author's permission. This book contains the results
of a study of the Spruce, togethPr with a working plan for Nehasane
Park, made iu 18!)7 in cooperation witll Dr. W. ~- Webb, the owner of
the land. The work of collecting the data in the fieltl for the above
mentioned study was carried on under the supervision of the writer.
The portions of the report compiled from "The Adirondack Spruce"
are as follows: •'Nehas<~ne Park," page 2t; ''Special consideration of
tlle Spruce," page :J2; "Birch," "Beech," "liard Maple," "Hemlock,"
"Balsam,"" Soft Maple," pages 5t to 53; "The growth of Spruce," page
39; "Yield tables," page 46; "Application of the yield tables," page 48,
and "Volume tables," page 7S. All of tbe tables in the report have
. been quoted except those found on pages 33, .t7, 48, 58, and 60.
AN AMERICAN SYSTEM OF FORESTRY.

During the vast few years a widespread interest in forest problems
has been aroused throughout the U11ited States. This is indicated by
the establishment of new forest resPrves in the West, the formation of
forest associations, the enactment of vigorous laws in a number of
the States, the efforts of private individuals toward Federal and State
legislation, and the favoral>le attitude of the press. Yet, in spite of
tbis interest, there still remains a strong impression among very many
business men that methods of forestry can be used only by the State
or by wealthy landowners, to whom the preservation of the forest
is the first and the money return is a secondary consideration. The
existence of .this feeling_is proved by the fact that until the past. year
there have been practically no experiments in systematic forest man
agement on a large scale except by a few wealthy men. This is partly
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due to utter indifference toward the I'Uuject, but more particularly to
a misunderstanding of the scope of foreHtry and tile methods ~tdvocated
by the forester.
In continental Europe tile forests have been under careful modern
management for over a century, and very tllorough methods Lave beL'n
developed. It has been natural in auvocating the practice of forestry
in this country to cite the example of Europe, and to describe the
systems there employed. Th_e_det.ails of method have, however, been
made more prominent than broad principles, and many have been leu
to believe that, unless these methods are adopted, forestry can not be
practiced at all.
The systems of forestry employe<l iu Europe are tbe result of years
of study and experiment, and have been developed along certain lines
in obedience to local economic conditions. We may l'rofit fmm this expe
rience through having an object lesson of what may be accomplished
by forestry, au example which we may hope in time to imitate, and a
guide to direct our efforts. But we can not expect for a' considerable
length of time to accomplish the results obtained in Europe, and such
systems of forestry as will accomplish them we can hope to form only
in the course of natural development, and not by a sudden revolution
of our present methods. There· is no doubt that the best forests are
produced by systems of management similar to those practiced abroad;
but in most cases the expense involve<! in their establishment is RO
great that we must at first use rougher methods and be satisfied with
imperfect results.
DEFINITION OF FORESTRY.

Iu order to correct the impression that European methods are abso
lutelynecessaryfor the proper management ofthe fot·ests in tltis country,
a 1mmber of enthusiasts have gone so far as to define ordinary lumber
ing as forestry. This is fully as faulty as to say that there can bs no
forestry without using European methods. In its real significance, for
estry conveys the idea of the continual use of the land for the purpose of
producing forests. Thus; when a farmer-thins his wood lot intelligently
with the idea of sparing the small, thrifty timber he is practicing forestry.
His method of work may not be the best but it is nevertl1eless forestry,
just as crude farming is agriculture. When the farmer strips his stump
land aud holds it for successive crops of cord wood or hoop poles, or
when a lumberman restricts the cutting of timber under a certain size in
order to utilize the growth of the small trees, each is practicing for
estry. But when a landowner cuts down a forest with no intention of
utilizing the land for future crops of timber, it is no more forestry than
it is agriculture when .t farmer cuts the grass in a mountain meadow
one year and then abandons it.
The efforts oftbe American forester should be directed not toward the
immediate introduction of European methods, but to devising systems
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of management which can be adopted by landowners at ouce, and
which are capable of development as the conditions of the market allow.
In other words, what is needed is an American system of forestry. It
has been named a.n American system, because it must be adapted to
American conditions, and in many cases it will differ radically from
auy practiced in Europe. l~ules which are considered axiomatic abroad
must often be set aside, and frequently results wllich could be obtained
by the expenditure of a small amount of money must be sacrificed
because the owner of the forest can not afford to m_ake the investment.
A sm;tained yield, an allotment of the forest into clivisious, a permanent
road system, the accessibility of all parts of the forest at one time, fire
lines, improvement cuttings, and the like, which are usually considered
a necessary part of forest management, each mnst, in many instances,
be given up as impracticable for the present.
PRACTICAL FORESTRY IN THE ADIRONDACKS.

Just what can be accomplisheu iu the way of forest management
depends primarily on the owuership of the land. In the Adirondacks
the land is owned by the State of New York, lumber companies, private
ill(liviuuals, and clubs. The position of the various classes of forest
owners in regard to practical forestry i>~ considered in the pages fol
lowing, with special reference to the two tracts which .form the subject
of this report.
POSITION OF THE STATE OF NEW YORK REGARDING THE PRAC
TICE OF FORESTRY.

The chief purpose of the State of New York ill maintaining large
preserves is to protect the important watersheds and to provide a future
supply of timber. The revenue which could be derived from the sale
of lumber is a secondary consideration. The t:)tate can gu further thau
the private individual in the direction of systematic forestry, for it can
afford to make investments with the expectation of but small profits,
or it can wait many years before realizing anything at all. Moreover,
it may be satisfied with indirect returns in the general benefit to the
community. The New York State holdings in the Adiron<...acks now
exceed 1,100,000 acres, and are being increased as fast as appropria
tions can be obtained for the purpose. At present the constitution of
New York prohibits the cutting of timber on State land, so that its
management consists only in protecting the forest from fire and theft.
But undoubtedly the constitution will in time be changed so as to per
mit conservative lumbering on the State preserve. ·w ere this possible,
the system of management wllich would be practical at the present
time would necessarily be very simple, and would not differ to any
great degree from that which can now be used by lumbermen and
ot!Jer private owners. Tile genera.! plan for ctitting Spruce should be
the same as that presented in the working plan given in this report,
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namely, to remove the old timuer above a certain diameter, and, where
necessary, to leave selected trees auove this size for seed. In the
present working plan 10 inches at 3 feet from the ground bas been
made the average minimnm limit for cutting. The State of New Yorl<,
however, could afford to leave standing all trees under 12, or if neces·
sary all under 1-l inches in diameter; in other words, could leave a
iarger amount of money invested in the forest than the private owner.
The State of New York could, further, carry on tltinnings for· the
improvement of the trees left standing, rather than for a profit from the
sale of the timber. Thus th e r<'moval of many one-log Spruce trees 6 to
10 i :ches i u diameter, which are usually left standing by the lumbermen,
would benefit the forest to a considerable extent by giving more grow
ing space and light to the tree::~ which remaiu. In the same way small
trees which could be used for pulp often stand in dense thickets, and a
thinning of one-fifth or more of t he crop woultl enable tl1e remainder to
grow much more rapidly. If a contractor were obliged to cut these
trees be would undoubtedly raise his contract price. '.rhe State of New
York could pay this price for the benefit of the forest, but at present
most private individuals could not afford to make such an invest
ment. Under certain circumstances the State could girdle some of the
large crooked hardwoods which are crowding small Spruces and PineH,
or if necessary cut them down; but for a lumberman in the Adiron
dacks such work would not be profitable under the present conditionH.
The State would have a special advantag-e over the private owner in
being able to enforce stricter regulations on the contractors in regard
to the careful construction of roacls, sparing the small growth in felling
timber, in building skidways, bridges, etc., and lopping the branches
from the tops ns a protection against fire. The lumberman can carry
out these regulations only so far as they do not to any great exteut
a1fect the cost of logging. Moreover, the State could employ a much
larger furce of experts to superintend the marking of timber and to
watch the work of the contractors, or, iu other words, could take better
care of the forest than the printte individual.
The time will undoubtedly come when the State of New York will
carry on extensive operatious in restocking denndt'll area8 by sowing
and planting. It ·is stated on page 19 that forest planting by most
private ownen; in the Adirondacks would not, in the judgment of the
writer, be wise business policy. 'Whether it would be pt'ofitable for the
State of New York to restock denuded areas artificially is a question
which will be definitely settled by the experimeuts now being canied
ou iu the Adirondacks nuder the direction of Cornell University.
POSITION OF THE PRIVATE OWNER REGARDING THE PRACTICE
OF FORESTRY.

The only reason for lumbermen and most private owners to adopt
forestry is the financial one. Private individuals and clubs, to whom
the im·ome from the foreHt is less important than its preservation, are
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in the same position as the State. But lumbermen have invested their
mouey in forest land or stumpage as a business matter, and unless the
ultimate retnrus are greater from forest management than fi·om the
ordinary tuethods of lumueriug they can not ue expected to consider it
at all. Where forest fires burn over the laud repeatedly, as in many
localities in tlte Uuited States, uo lmsiness man can be expected to
leave the small trees, which can be sold even at a small profit, to grow
to large timber aud to distribute ~>eerl. Iu the same way lumbermen
will11ot cut their land with tlw idea ofreapiug a ~<econd crop oftimber
in places where the taxe~> are ~o l1igh as to more than counterbalance
the amount gained through carefnl lun1 bering.
ln certa,in sectio11s lumuer and paper <·ompauies have invested large
sums of money in mill plants, aml the continuance of their business
depends on the future snpply of ti1uber. Such companies would find
it most protitable to lumber their Jand ia such a way that th ey could
cut successive l'rops of wood every 20 to 30 years; in other words, to
manage their lands aloug the lines of forestry. In the same way it
would be folly for a lurubermau to strip ltis land aud practically ruin
its sale value, if, by leaviug the small trees, he could sell it to the
State, paper compauies, or sportsmen for a ltigh price.
Hitherto many lumiJermeu wlto have looked np the matter of forestry
have not adopted 1t because they have been uuable to make a compro·
mise with the foresters. Either they have wished to entirely strip the
land of timber or the foresters have iusistetl upon certain measures
which the lumbermen could not aftoru. Every plan of forest manage·
ment i11 this couutry must be in a measure a t·ompromise between the
owner of the forest and the forester. The former must consent to
leave a certain amount of capital invested i 11 the fon,st in the form
of growing wood, obtaining llis returns 1rom t.lle sale of merchantable
timber after the necessary period of growth has passed, or from the
increased value of the land. Tlte forester in his turn must give up
certain operations which would benefit the foreRt.
OBJECTS OF FOREST MANAGEMENT.

For the two tracts of forest land cousidered in this report a plan of
management was required that woultl satisfy three parties, uamely, the
owners, the COJJtractors, aud tlJC forester.
THE OWNERS' OBJEC1'.

The object of the ownerR, in the case iu lHuHl, is to cut as much tim
ber as possible without i11jnring tl1e productive power of tlle forest.
The land has been heavily taxed aud has yieltle<l no retum. If the
lat·ger timber is removed tlto taxes will be redueed aull there will be a
substantial money return from tltc forest. Tl1e object is to convert the
unp1'oductive portion of the capital, the ol<l timbt·r, i11to ready mouey,
to be iuvcsted elsewhere, and to leave the productive part of the forest,
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the young tim bet·, in a condition to accumulate interest in the form of
added wood. 'l'be owuers are willing to do without the profits which
would a-ccrue from the sale of the small trees in oruer that the produc.
tive capacity of the forest uiay remain unimpaired. The mouey which
is thus ·left in ve~ted in the forest the owners expect to recover with
interest through the increased value of the land.
THJJ: CONTRACTOR'S ODJEC'l'.

In the cases under consideration· the lumbering is done nuder con
tract, aud the contractor carries on the work himself or sublets it to
jobbers. Inasmuch as the contractor or jobber obtains a certain sum
per standard for the logs, it is obvious that be receives the greatest
profit from the large trees, because the cost per standard of cutting,
skidding, and hauling is less for the large than the small logs. There
is no profit at all for the contractor in cutting small one-log trees and
but little in small two-log trees. He is perfectly willing, therefore, to
accept a contract to cut only the large trees.
THE l?ORES'l'ER'S OBJECT.

The object of the forester is to obtain for the owner a large revenue
from the timber, but at the same time to leave the forest in a condition
to produce a second crop in a comparatively l'lhort time, and to reseed
the openings made in lumbering with young growth of valuable species.
MEASURES WHICH CAN NOT BE CARRIED OUT IN NEHASANE
PARK AND THE WHITNEY PRESERVE.

In order to accomplish the object of the owners on the two tracts
under consideration, and to secure favorable contracts for cutting the
timber, a number ot measures, usually considered a necessary part of
forest management, must be given up. The~:>e are:
The maintenance of a sustained annual yield.
The removal of dead a.ud unsound trees.
Thinnings and improvement cuttings.
Permanent roads.
Planting.
Fire lines.
That these measures are not practicable on the two tracts will be
~:>hown in the discussion following.
'l'HE MAINTENANCE OF .A. SUS'l'.A.INED ANNUAL YIELD.

One of the :first principles of forestry is to cut timber in such a way
that the productive capacity of the forest is uot impaired. Tbe
majority of advocates of forestry have interpreted this principle as
meaning that an equal return should be obtained from the forest every
year. As a matter of fact, the object of forestry is attained if the
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1aml IS kept stocked with trees and is producing valuable material to
its utmo>;t capacity, whether an equal retnru is obtained every year
or not.
In Eur-ope a eonstant, approximately equal, annual income from the
forest is deemed of first importance, especially on large tracts. There
is always in such places a steady market which has to be supplied with
timber. Moreover, a large force of expert foresters and woodsmen is
employed to care for the forest, and it is extremely desirable that they
tilul stearly employment. It is desirable also· that tbere be an aunual
income to cover the taxes and interest on the invested capital.
In order· to ~ecure this income the merchantable timber, which could
be taken out without injuring the forest, is not removed in one year,
but the cuttings are distrilmtecl so that an approximately equa l amount
is cut annually. Thus, if a tract of 100,000 acres were stocked with
Pine, ripe at 100 years of age, an amount equivalent to the yield of
1,000 acres would be cut each year.
Tlle forests in which this pl'Ovisiou is most strenuously observed are
owned by the Government, but it frequently happeus that a private
owner, requiring a large sum of money or a certain quantity of wood at
ouce, cuts so heavily into the forest capital that no furthet· income can
be realized for a considerable length of time. By so doing he does not
11ecessarily injure the productive power of the forest, but iustead of
spreading his cuttings over a large number of years, cuts the wbole or
a considerable portion of the area at one time.
In this country the forests owned by States or the Federal Govern
ment should, in very many cases, be managed so as to yield a constant
annual return just as in Europe; and the same applies to many large
lumber or paper companies which own exten:;ive tracts of land and
which require a certain amount of timber every year to supply their
mills. But for most private owners the only practical system of man
agement is one in which tbe returns are obtained periodically.
The two preserves con.s idered in tbis report are covered with virgin
forest, in which much of the timber is very old and on the decline. Here,
as in any original forest, the gro\vth of the trees is just about equalized by
tbe loss through decay and wind or other destructive natural agencies.
The forest is therefore virtually at a standstill, or, in other words, is
accumulated capital which is producing no interest. If the old trees
are cut and utilized before they decay and are replaced by young,
thrifty, growing specimens, the forest becomes at once produetive capi
tal. It is obvious that it should be placed on this basis as quickly as
possible, or, in other words, that the old timber should be removed as
rapidly as it can be marketed. To illustrate the proposition more con
eretely, the growth obtained under a system of annual sustained yield
may be compared with that under the method of intermittent sustaiued
yiehl. If the timber on the tracts discussed in this report were cut to
10 inches in diameter, it has been calculated that the same returns
4364-No. 26--3
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could be obtained again in 36 years. 1 If the principle of a sustained
annual yield were carried out it would be necessary to cut about one
thirty-sixth of the total crop each year. There would be at tile end of
that period 36 years' increment on one thil'ty-six:th of t.he tract, 35
years' increment on one thirty-sixth, 34 years' increment on one thirty
sixth, etc., or, to strike a general average, 18 years' growth on the whole
tract. If the wllole area were cut in one year there would be 36 years'
growth on the entire tract at the end of 36 years. If the annual growth
were 0.5 standards per acre on, say, o,ooo al'res, 36 years' growth would
amount to !JO,OOO standards, as against 45,000 standards under the sys
tem of a sustained annual yield. In this example the principle that in
virgin forest the growth is equalized by the loss through decay and
destructive natural agencies, which is entirely true over a large tract,
is applied to small areas. In individual sections it i» probable that on
account of windfall the loss will very much exceed the growth. 'L'bere
will be other instances, however, where the trees are HlOStly young and
thrifty, and the growth will so far exceed the decay as to counterbalance
the loss elsewbere. (Pl. III).
A further ('Onsideration in favor of cutting over the wbole area in a
short t.ime is the question of taxes. In the Adirondacks they are reduced
about one-half after lumbering. By the same reasoning as in the fore
going discussion, under the system of a sustained annual yield, full
taxes would have been paid on one-half the area at the end of 36 years.
Under the other system the taxes would be lowered on the whole tract
at the end of the first year. Moreover, tile cost of logging would be
much less if the timber were taken out in one or a few years and much
better contract prices could be made. The cost of superintendence,
marking, etc., would likewise ue proportionately smaller nud er the
intermittent system .
l{EMOVAL OF DEAD AND UNSOUND 'l'REES.

The class of thiuniugs known as cleanings, uy which the dead,
dying, and unsound trees are removed, is considered very important in
Europe. Often the entire tract is cleaued every year or witilin short
periods. The purpose is twofold: First, to utilize the wood })efore it
decays, and second 1 to prevent tile breeding of in seets. Inasmuch as
the dead trees cannot be utilized in tile present instance, their removal
would be very expensive and the ouject attained would not justify tile
outlay. The cutting of unsound timber is also impractim1 ule, because
such trees in most places can not be utilized. If left standing, on the
other band, they help to shade the ground and distribute a cert.1in
amount of seed.
THINNINGS AND IMPROVEMENT CUTTINGS.
It, frequently happen s in the Adirondacks that young Spruces of
even age grow in very dense masses, and if some of the trees were
I
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removed the remainder would grow much more rapidly. If these could
be sold they should be cut, but ot.herwise they should be left standing,
for the ad vantage resulting from their removal would notj ustify cutting
them at a loss or without profit. Such cuttings are technically known
as thinnings.
There are, further, in the forest many young Spruces which have
grown under hardwood trees and which need light and-room for their
proper development. The girdling or felling of the hardwoods, which
are unsound, crooked, and will never be of any value whatever, and
which are killing young Spruce and Pine, has been advot:ated by a
uumber of men. It is certain that their presence means the death of
a large number of young trees which might develop iuto valuable tim
ber; but in most cases the private owner can not afford to cut them
unless the material can be sold. Where this class of timber is not
marketable, as nearly everywhere in tlle Adirondacks, the cutting or
girdling would involve a considerable expenditure of money from which
no immediate returns could be obtained. If the trees were girdled, it
is estimated that they would cost at least 1 cent each. In many
instances where the branches actually interfere with tlle small trees
girdling would not be sufficient, in which case felling would be neces
sary. It would be desirable also to trim them in order to prevent
danger from fire, all of which would cost from 2 to 5 cents per tree.
In most cases the felling of hardwoods would destroy a considerable
amount of young growth, and frequently it would be impossible to fell
them without injuring the very trees which it is desired to favor.
This question of girdling and cutting undesirable hardwoods was
studied with extreme care, and it was estimated that the work could
noi be done properly under 25 cents per acre. On a tract of 100,000
acres this means the expenditure of $25,000. The writer is convinced
that for the two tracts under consideration such an investment would
not pay. The removal of the less desirable trees, as rlescribed above,
for the purpose of improving the condition of the trees which remain
is called an improvement cutting.
PERMANENT ROADS.

In Europe it has long been the policy to adopt a system of permanent
roads; in fact, this is considered one of the most important measures in
a well regulated forest. It will ·be many years, however, before such
roads can be built in the lumber woods in the Adirondacks, for it would
not pay to maintain them unless they are needed constantly; and in
most cases lumber operations can be carried on in a particular section
only at long intervals.
PLANTING.

The lumbermen have frequently been impressed with the idea that
planting forms an essential part of forestry. Iu some parts of Europe
the forests are regenerated almost entirely by artificial means, and
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natural reproduction is nearly always supplemented by planting or
sowing. The results of planting art3 without doubt most satisfactory,
but for lumbermen iu the Adirondacks it can not be co11sidered on
account of the great outlay it involves.
FIRE LINES.

The forests in Europe are usually cut up into divisions which range
in size from 25 to over 100 acres, and are separated by roads or lines.
The purpose of this division is to facilitate the description of the forest
and the location of en tti ugs, to make thewbole forest readily accessible,
and to aid in putting out fires. The opening of similar strips bas been
advocated in a number of instances for regions in this country where
the danger from tire is great. If well kept up, they would be a great
l1 elp in putting out fires, but in the Adil'onuacks the expense of their
construction and maintenance would make them impracticable for most
private owners. It may be said in this collnectJOn that in certain sec
tions, especially in the Southern States, the burning of fire strips is
entirely practicable and advisable.
THE SYSTEM OF MANAGEMENT ADVOCATED FOR THE TWO
TRACTS.

The provisions of European forestry, just enumerated as impractica
ble at present in the Adirondacks, have hitherto been the chief barriers
in the way of the adoption of forestry by lumbermen. When the
forester sees that in many cases they must be given up, a system satis
factory to all can be devised. In the present case the owners ofNehasane
Park and ·the Whitney Preserve will be satisfied with the income
from the tiinber above 10 inches itt diameter, and on this basis they
can obtain satisfactory contracts for cutting the timber. The forester
is satisfied from a careful study that the Spruce over 10 inches in
diameter can be cut without injuring the forest, provided certain trees
over this size are left for seed. Although successive crops could be
obtained from the land at shorter intervals if 12 instead of 10 inches
were made the average minimum limit of cutting, the owners prefer to
wait a longer time for the second crop and to get a larger returu at
once. The system of cutting recommended for the two tracts is,
brietly, to remove the Spruce measuring 10 inches aud over in diameter
at 3 feet from the ground, except ceitain trees which are needed to
seed up the opeuings made in lumbering.
PURPOSE OF A WORKING PLAN.

The object of forestry is to remove the timber from a given tract in
such a way that repeated crops can be obtained for an indefinite period
without decreasing the producing power of the forest. In order to do
this it is necessary to know just what trees must be left standing to
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form a basis for future growth and to seed the ground to valuable spe·
cies. It is 11ecessary to kuow what the rate of growtl1 of the trees left
in the forest will be after the first cutti ng in order to determine how
soon the second crop can be obtained, and also to know what new
growth will come in "to take the place of the trees which have been
removed. The purpose of making a working piau is to study questions
of the growth, reproductiof1, and general character of the important
trees, and to devise a system of cutting which will enable the owner to
make a profit from the land and at the same time to secure the perma
nence of the forest.
DESCRIPTION OF THE TRACTS UNDER CONSIDERATION.

Two tracts are inclndeo in the working plan presented in this report,
namely, Nehasane Park in Hamilton and Herkimet' counties, N.Y.,
belonging to Dr. W. Seward Webb, and the preserve belonging to Bon.
William C. Whitney in Hamilton County.
NEHASANE PARK.

This is a body of forest land, roughly triangular in outline, with the
longest side to the north (Pl. IV). It lies in the west central portion
of the Adirondack Mountains of northern New York, and is traversed
in a northeasterly direction by the New York Central and Hudson
River Railroad (Adirondack aud St. Lawrence Division). About two
thirds of the area is in townships 37 and 38 of Hamilton County, while
the western third lies in Herkimer County, townships 42 and 43. From
east to west the park stretches from Little Tupper Lake to Big Rock
Lake and includes the latter, together with Lake Lila, Lake Nehasaue
(Pl. VI, fig. 2), and a portion of the bead waters of Beaver River. Other
waters of the park drain through Little Tupper Lake to the Raquette
River and through Cranberry Lake to the east branch of the Oswe
gatchie. Both these lakes are outside its boundaries. The general
elevatiou is from 1, 700 to 2,000 feet above sea level.
The whole park includes an area of about 40,000 acres. The general
character of the country is hilly and somewbat broken, with low swampy
tracts near the streams and lakes. Numerous knolls and ridges, from
a few yards to over 300 feet in height, rise from the lower ground. In
general the ridges or series of ridges run northeast and southwest. Low
rounded knolls rising above swampy ground are very frequent. More
level areas, or flats, are of considerable extent; some of them low and
rolling and covered with glacial bowlders. There are numbers of broad
flat ridges. The higher bills are for the most part conical, with small
tops, or consist of long narrow ridges. The southerly slopes are apt
to be rocky, abrupt, or often even precipitous. The northerly slopes
are more gradual. This country shows in many ways the effect of the
ice with which it was once covered. The soil is a glacial drift, and the
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manner in which the rocks have been smoothed off and the rou11ded
bowlders depo~ited on the flats aud on the south slopes affords similar
eviuence. '.rhe shape of the ridges is due to glaciation.
Granite, varying much in color and texture, is the priucipal rock.
The typical soil of the park is glacial gravel" or sand, replaeed by
loam in richer situations. On steep slopes it is thin, and what there is
usually collects in l10llows, on benches, on the uphill side of rocks and
trees, or in rocky crevices. On moderate slopes au<l high flats the soil
is deep, fresh, and porous;. on low flats, moist and often deep; on less
level flats, thin on account ot the bowlders, aud in swamps a deep
muck.
The conditions of beat, moisture, and ventilation are such in the dense
and damp Adirondack forest that the waste materials which drop from
the trees and other forest vegetation decay slowly after falling. The
result is a mass of partially disintegrated vegetable matter which bas
been accumulating for years, and which may cover . the ground to a
deptla of several feet.. This layer, deeper on low than on high ground,
often becomes acid humus in the swamps.
THE WHITNEY PRESERVE.

This tract of approximately 68,000 acres is included within what is
known as the Totten and Crossfield purchase, town of Long Lake,
Hamilton County, N. Y. It comprises township 36, the northwest
quarter of township :~5, the greater part of townslaip 23, a portion of
the triangle east of township 23, and a few lots in township 21 (Pl. V).
The greater part of the preserve slopes toward Little Tupper Lake,
but a considerable portion sheds its water into Long Lake, Forked
l.Jake, and the Raquette River.
The tract is characterized by a large number of lakes alltl small
ponds. The largest of these is Little Tupper J,ake (Pl. VI, fig. 1),
wlaich is about U miles long and about 1 mile wide, into which the water
drains from the northern portion of the preserve. Little Tupper Lake
empties into Round Pond, and this iu turn into Big Tupper Lake.
The water eventually reaches the Raquette River. The southern part
of the preserve sheds its water also into the Raquette River, chiefly
through Forked and Long lakes. Salmon Lake empties into Beaver
River through Little Salmon and Lila lakes. In general the land is
a high rolling plateau, broken by a few high mountaius and a number
of long, rather low, broad ridges, which are inter persed with numerous
ponds and swamps. On townships 36 and 23, with the exceptiou of
Salmon Mountain, Buck Mountain, and a few insignificant ridges,
almost the entire area is of this rolling character. About Forked Lake
the topography is more rugged and t.he ridge~ anrl bills laigh~r.
The prevailing rock is gneiss, which accounts in part for the com
paratively gentle topography.
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DESCRIPTION OF THE FOREST.
P ACTORS CONTROLLING THE DISTRIBUTION OP SPECIES.

The occurrence of the various species within the rauge of their gen·
eml distribution is primarily determined by the local climate, the situa·
tiou and soil, and the qualities inherent in each species to carry on the
:-:truggle tor existence. Often, however, where the conditions are other
" i:-:e equally favorable, it uepends on purely accidental circumstances.
Within the range of the distribution of each tree there is a region
, where the iuAuenees which control vegetable life are especially favora
ble to it., and hrre, as a re~ult, the best development is found as regards
yield, quality of wood, reproductive capacity, tolerance of shade, ability
to grow in poor soils, and all other sylvicultural characteristics.
The species whose regions of best development include the Adiron
dacks are Spruce, ' Hard Maple, Beech, and Yellow Birch. Other spe
cies, though not necessarily inferior to these trees in their sylvicultural
qualities, do not reach as high a development as in some otber sections
where the climate and other influences are more favorable to their
growth. Those just enumerateu usually win in the struggle for the
occupancy of tbe situation suited to their requirements, and there form
the principal pat't of the forest. This contest for the possession of the
ground is most determined on tile better classes of soil, because there a
gTeater number of spPcies find the possibilities for their development,
auu arc more tolerant of shade and bear seed more almndantly than on
poor soils. Where other things are equal, the trees which can bear the
most shade usually win in the contest. '.rhus on the better soils Hard
Maple and BPech have the advantage over Yellow Birch because the
latter is less tolerant of shade. 'rhey also haYe the advantage over
Spruce, partly on account of their greater tolerance, but also because
the conditions of reproductiou in the hardwood forest are not favorable
to the latter. Spruce and .Birch therefore occupy a relatively small
proportion of the forest on the best soils. The following list gives the
relative degree of tolerance of the important trees in this section of
the Adirondacks, beginuing with those which require the most light:
Tamarack, Poplar, Bird Cherry, Ash, Black Cherry, White Pine, Birch,
Soft Maple, Balsam, Spruce, Hemlock, Beech, Hard Maple.
Next to tolerance of shade the ability to grow on inferior Hoil is the
most important of the qualities which enable a tree to carry on the
struggle for existence. Yell ow Birch is usually crowded out on the
best soils by Beech and Hard Maple, but it is able to thrive in places
where the latter are unable to grow. In the same way Spruce is
crowded out in many places uy hardwoods, but it maintains its posi
tion in the forest by occupying the less favorable situation s and soils,
where fewer species are able to exist and the contest for the poi;session
of the ground is less intense. The predominance of certain trees on
11'be generic worcl Spruce, used throughout the r eport, refers to Red Spruce, Picea
'ub1·a (Poir) Diet.
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inferior soil has led to an impression that they prefer such to rich
ground. The fact is that they are 11ot fotmd ii1 other situations because
they are prevented from gro\Ying there by t.he more tolerant species,
or because the soil does not contain the degree of moisture necessary
to their existeuce. 'l'he relative demands of the most importa11t speci(>S
ou the quality of soil are shown in the following list, which begins
with the most exacting: Black Cherry, Hard Maple, Beech, Soft
Maple, Birch, White Pine, Balsam, Hemlock, Spruce.
Many kinds of trees are aLle to hold their position iu the forest by
their great reproductive power, as, for example, the Poplar. This tree
has an extremely light seed, which is blown for great distances by the
wind. It is thus able to seize upon openings made by fire or otherwise,
and, inasmuch as it thrives on extremely barren soil, it usually forms
an important part in the first forest growth on burned land after a fire.
The rapid growth in height is au important factor in enabling some
trees to hold their own against other species. Thus, Pine and Tama
rack, both intolerant trees in the Adirondacks, are able to grow above
the more tolerant kinds, ifthey can obtain a footing at all, and in this way
their crowns have the degree of light 11ecessary for their development.
It frequently happens, however, that the composition of the forest
in a particular place is not determined so much by the influences dis
cuRsed above as by accidental circumstances. If, for example, an
opening has been made by the wind, the kind of trees which will come
up depends in a large measure on the ~eed which happens to be in
the ground and on what species happen to be in the neighborhood.
Other circumstances, as the fact that it is a favorable seed year for
certain trees, the direction of the wind, etc., may be 1he controlling
influences. It is through such chances as these that intolerant trees
are able to obtain a footing in mixture with tolerant kinds. and scat
tered individuals, whose regions of best. development are elsewhere,
become a part of the forest.
FOREST TYPES.

If nature is left undisturberl, the same type of forest will tend to be
produced on tlle same classes of ~ituation and Roil in a specified region.
There will be variations within the type, but the characteristic features
of the forest will remain constant-that is, the predominant species,
density, habit of trees, reproduction, character of under·growth, etc.
So characteristic and distinct are these forest types that an expert can
describe the general character of the forest if be knows the region, the
altitude, the soil, and the situation; and, vice versa, can describe the
character of the soil, situation, etc., if be knows the type of forest. If
a portion of the forest is destroyed by fire, wind, or otherwise, tht' type
may for the time being be changed; but if left undisturbed it will
revert to its original form, provided the condition of the soil is not per
manently changed. Thus, in the Adirondr~cks, a gTmlp of Spruce and
Pine on an island may be replaced aft~r a lire by White Birch and
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Poplar. After a time, however, the former will creep back and grow
under the thin cover of the Birch and Poplar, and eventually crowd
them out. A good illm;tration of the same principle is found in Massa
chusetts, where in many sections the White Pine formed an important
feature in the original forest. After tl;le Pine was cut off the hard woods
predominated in the second growth. Now, however, there is abundant
evidence that the White Pine is increasing in quantity, and if the woods
were left untouched the original type would return.
It is pos:'lible to differentiate the forest in the Adirondacks into a
considerable number of types, but for simplicity only four have been
recognized. · These are as follows: Swamp land, Spruce fiats, Hard
wood land, and Spruce slopes. The names chosen for these types
describe rather the situation on which they are found than the forest
itself. Lumbermen are, however, accu~tomed to speak of swamps,
hardwood ridges, etc., and these familiar terms have been kept as far
as possible.
SWAMP I.AND.

All low fiats with wet, spongy soils are comprised under this head.
The characteristic species are Red Spruce, Black Spruce, Balsam, and
Tamarack, some Soft Maple and Pine, and .scattered Black Ash and
Uedar. There are numerous small elevated fiats and knolls within the
limits of the swamps which really should be classified as Spruce fiats,
but which are too sma11 to be segregated in making estimates. On
these are found Red Spruce, Hemlock, Birch, and sometimes Beech
and Hard 1\faple.
The Red Spruce is usually rather short on swamp lands, partly on
account of the charactt>r of the soil, but·also because it is comparatively
young. Spruce grows slowly in swamps, but tile principal reason why
only a few large trees are found is because they are blown down before
they reach maturity. Occasionally, however, patclJes of old Spruce are
found which have succeede1l in withstanding the win~ls. These trees
are fairly tall and clear of branches, but generally of comparatively
small diameter. F~r Spruce over 10 inches tl1e average diameter is
about 13 inches and the average height under GO feet.
Balsam, like the swamp Spruce, is, as a rule, relatively young, and
in consequence small. It is a short-lived tree in the Adirondacks, and
the larger specimens are frequently ut1sound. It grows usually in
dense stands, often nearly pure. The average diameter for trees over
10 inches in diameter is about 11.0 inches.
Black Spruce is, in tile Adii'Ondacks, a small spindling tree, never
reaching a merchantable size. It is found growing almost pure in low
wet marshes, and is seldom found mixed with other species.
_ Throughout the swau1ps may be found remnants of an old forest of
Tamarack, either as dead standing stubs or as decaying logs on· the
ground. t:5ome years ago the greater part of the old timber was killed
by a sawfly worm, which defoliated the treeR, and now it is almost
impossible to find a live specimen over 10 inches in diameter. Here anrl
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there may be found clumps or scattered specimens of young Tamarack,
but even these trees have in many cases heeu attacked by insects and
are dying down from the top. (Pl. VII, fig. 2.) The Tamarack is fol 
lowed, on the less saturated gcoullll, by Spruce, Balsam, and some
times White Pine. Along the low inlets the second growth is usually
young Tamarack and Soft Maple.
Black Ash is very exacting regarding soil. It is almost never found
growing naturally. except on wet soil. The trees in the portiou of the
Adirondacks included in tllis working plan are of moderate size, on au
"average about 13 incllcs in diameter, and are frequen tly unsound.
Cedar i" not an important element in the forest and is very much
localized in its distribution. It :is found about a number of the lakes
which are surrounued by low banks. Thus, on the east side of Ijake Lila,
in ~ ehasane Park, and on Bottle, Flatfish, Stony, a nd some other p0111lR
in the Whitney Preserve there is a fringe of White Cedar. 'fhe trees
are mmally rather short and scrubby and have avery quick t a per. Their
average diameter is about 14.5 inches for trees over 10 inches thr-ougl1.
The few Birch which succeed in growing on low ground are crookt><l
and unsound. The other species found within the limits of swamp land
occur chiefly on slight elevations, and arfl discussed under Spruee f.lats.
The following table, which gives the measurements of a sample plot
made by the writer in 189G at Santa Clara, N.Y., is an excellent illnR
tration of a !iypical swamp in the Adirondacks. Th e table also shows
the average rate of growth of swamp Spruce of different diameters.
A ore meas1wements (1 acre ) on cut-ovm· swamp lands at Santa Clm·a, N. Y .
[From " The Adirondack Spruce." ]
(This land was cut over in 1891, at w hich t ime two Spruce t rees with a n e• timated y ield of 1.6 stan<!
ards were r emoved . Situation: Spruce swamp. Soil : Wet. Balsam hunched on one side of t h e at· • o.
No trees show in creased gro wth after cutting .)
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SPRUCE FLATS.

The following table gives the result of 225 acre measurements made
on swamp laud iu Nehasane Park, in 1897, during the i11\·estigation of
the .Adirondack Spruce mentiouetl on page 10. The acres were meas
ured off in the form of strips, so that many slight elevations were
included, which accouuts for the prese11ce in the table of Hard Maple
and Beech:
Acre rneasu,·mnents (a1;cra,qe of 225 acres) on swamp lands.
[From "The Adirondack Spruce." I
(A verago number of trees per aero, percentnge in mixture, and average and maximum fl iam eters of
all sound trees 10 inches and over in diameter breast high )

Maxi
Average Percent- Average mum<li
number
age of diameter n.mcter
or trees each
breast
breast
per acre. species.
high.
high.

Name of 8pecies.

--- --- ------

Inches.
Spruce .. __ .......... ___ ............... __ ... . ..... . .. .
Birch ............................................... .
Beech ...... ...... ..... ................ ............. .
Hard Maplo ....................................... ..
Hemlock . ........................................... .
Balsam .... ...... ........ ........ ................ ... .
Soft Maple ............ .. .... .. ........... ... .. .... .. .
White Pino ............. ....... ...... ..... .... - .... ..
Ash ....... ....... ' ? ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cedar. . ... .... _............. _. __ . . .......... _... ___ .
Cherry............. .. .............. .. ............. ..

Averag-e of all species .......... ... ........... .
Average of all species except Spruce........ . .

34.00
13.00
2. 40
2. 40
5.10
9. 40
3. 00

47. 94
18. 33
3. 38
3. 38
7.19
13. 25
4. 2~
. 51
.90
.85
. 04

. 30

. 64
. 60
. 03

------~

70.9:3
36.93

I

100.00
52.06

11.4
13. l
17.1
13.4
14.5
19.4

Inches.
27
:36
25
29
35
24
30
37
21
28
33

14.5
14.7

2!). 5
29. 8

12.8
15.4
12.8
13.2
16..';

------

SPRUCE FLA'l'S.

The level and rolling flats IJordel'ing on lakes, streams, and swamps
have been designated as Spruce flats. As a rule, the soil is fresh and
frequently moist. It is sometimes fairly deep, especially where it is
chiefly composed of sand, but more often it is shallow and covered with
stones and bowlders.
Spruce here reaches an intermediate development betwee11 that grow
ing in swamps and on the higher ground. Tbe trees are somewhat
shorter than on the hardwood lands, and are more apt to be unsound.
The characteristic trees in mixture with Spruce are Birch, Soft Maple,
White .Pine, Hemlock, and some Balsam. Where Ash or a considerable
amount of Balsam is found the forest approaches the swamp-land type,
and where the Hard Maple occnrs the land is usually elevated enough
to be classed as hardwood land. Cellar, Oberry, and a few straggli11g
Beech are not uncommon.
While there is a considerable amount of Birch on Spruce flats, it is
rather short and scrubby, and is apt to be unsound. It is on Spruce
flats that the most of the White Pine is found. It is usually said to grow
in swamps, but most of the trees are on slight elevations, which are
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similar in tue cuaraeter of the forest to Spruce fiats. Where the soil
is sandy, a8 on the points projecting into lakes, Pine often forms the prin
cipal part of th e fore::;t growth. (Pl. VII, fig. 1.) An excellent illustra
tiou of this is found 011 Forked Lake, where the !i\purs of land wllich
project into the lake are covered with an admirable growth of thrifty,
but comparatively you11g, Pine. Another instance of tile growth of
Pine on Spruce flats is fou11d on the small islands in the large lakes.
On the sandy shores of Little Tupper Lake there are a cousiclerabll'
number of Norway Pines. (Pl. VIII.) These trees are tall and clear
boled, and reach an average diameter of about l5 to 18 in ches. 'rhe
distribution of this tree is very limited, and no specimens at all were
seen in Nehasaue Park.
Hemlock occurs most abundantly on Spruce flats, and it is here that
the soundest specimens are found. It forms about 9 per cent of the
total crop of trees over 10 inches in diameter. It is on Spruce tlats
also that Soft Maple reaches its best development.
The danger from windfall on Spruce flats is considerable, and young
second growth is very common. It is in such circumstances that
Spruce comes up almost pure. This is well illustrated in Nehasane
Park, where, on the north side of the railroad, about 2 miles below
Nehasane station, there is a considerable ~Stretch of dense second
growth Spruce which has come up after a windfall. The reprodnt·tion
of Spruce does not, however, always follow to tuis degree, for not far
from the place just mentioned the second growth is composed almost
exclusively of Birch and Soft Maple.
The following table gives the average measurements of 106 acres on
Spruce fiats, taken in 1897 in Nehasane Park:
.Acre nteasnrements (ave1·age of 106 am·es) on Spruce flat s.
[From "The Adirondack Spruce."]
(Average number of trees per acre, percentAge in mixture, and average ancl maxiruum din.meter·s of
all sound trees 10 inches and over in diameter breast high.)

· I

Name of species.

Average
nfumt beers
o re
per acre.

Maxi
~vernge
mum.
a;:cht UJ~;e:s~r diameter
.
.
breast
speCJe•.
h1gb.
high .

Percen~·

- - - - - - - - - - - - - - - 1· -- - - - - - - - - Spruce.... ...... ............................... ..... .
Birch................................................
Beech................................................
Hard Maple ........ ............. ...... : ...... ......
Hemlock............................................ .
Balsam..............................................
Soft Maple.......... ...... .............. -- ...... .'....
White Pine .... ..................... ............ .....
Ash..................................................

Jnche..
13.5

29

45

12.70
5.60
2.50

19.71

5. GO

8. G9

5.80

9
4.65

. 10
.10

.15
. 15

16.4
13.4

8. GU
3. 88

14
!G. 5

II. 3
13.7
21
13

Inches.

27
34
22
26

34
l8

25
45
1G

I "''"' ............................... .............. ----a:l.'~~·~oo-·" ... -----u:41-2U.
~1
7
verago of all species ...................... - ..
Average of all species except Spruce..........

35. 45

55

I

" ·'

I

14. G

4
26. 3
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HARDWOOD LAND.

On elevated benches and moderate slopes the forest is chietly a
deciduous growth mixed with a consideraule quantity of Spruce and
scattering Hemlock. (PI. IX, fig. 1.) In such situations the richest
soil is to be found, and here Spruce, though not the predommant
species, reaches its greatest size. The largest Spruce ,een on either
tract was growing on a hardwood bencil and measured 34 inches in
diameter. Tile trees growing on tile slopes are, as a rule, not as large
as those on the high benches, but they usually have a greater clear
length and a shorter crown.
The chief species on bard wood laud besides t.he Spruce are Hard
Maple, Beech, Birch, and scattered Hemlock, Soft Maple, and Cherry.
(Pl. IX, fig. 2.)
In general the Spruce forms on the hardwood land in Nehasane Park
about 30 per cent of the tn•es over 10 inciles in diameter. The measure
ments from which this was taken included only those trees which were
apparently sound. If the gnarled aud unsound trees were included the
proportion would be larger.
In the Whitney Preserve the hardwood forest contains a somewhat
smaller proportion of Spruce than in Nehasaue Park. The reason for
this is that the land is less broken and irregular and there are a larger
number of long, luw ridges with moderate slopes on which the hard
woods thrive exceedingly well. On account of the great reproductive
power anrl the tolerance of the hardwoods, they are able to occupy
ground which is favorable to their growth often to the exclusion of
other species. The insect pest, which occurred about 15 years ago,
and of which meution is made on page 56, seems to have killed a large
number of Spruce in the hardwood forest. The consequence is that iu
many places the Spruce has nearly all died out and the forest is com
}Josed almost exclusively of hardwoods. A number of sample acres
were measured off in such places, audit was found that frequently there
were no more than one or two Spruce trees per acre over 10 inches in
diameter.
Wherever the land is considerably broken, as in Nehasane Park,
there is generally a large proportion of Spruce and Yellow Birch, while
Bard Maple and Beech are con fined to the moderate northern slopes
and bases of the ridges and to the high benches.
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Th e following table gives the result of 442 acre measurements taken
in Nebasaue Park during the summer of 1897:
Acre meaBu1·ementH (a l'(!'rage of 442 am·es) on hardwood landB.
[From" The Adirondack Spruce."]
(Average numbe r of trees per acre, percentage iu mixtur~. and average and maximum diamote.rs of
all sound trees 10 iu cbes and over in diameter breast high.)

I

A veral(e P ercent. Average Maxidiameter
mum
numberof
age
breast diameter
trees per of ench
high.
breas tacre.
species.
hil(il.

Name of species.

--------------------------Spruce ...... .. -- ....... -- .... ---- . ............. .... __
Birch.... .... .... ... ......... .......... ..............
l!eecb................ ... .... . ......... ... ...... .. ....
Hard Maple..... ... ... .. ........ ... .......... . ...... .
Hemlock ... .... .............. ........ ... --- --------llalsam....... ...... ..... . ............ .... . ... .. . .... .
Soft Maple.... . ......................................
Whito Pine............ ...... . .. . .......... .... ......
A.sh ..................................................

29.00
15. 00
16.40
10.10
4.00
I. 70
2. 30
.05
.03

36.84
19.06
20. 84
12. 83
5. 08
2.16
2. 92
. 06
.04

Inch01.
13.1
17. 8
13.7
14.3
17.4
II. 4
14.0
13. 6
12.4

I

I

Inches.
32
42
30
33
36
21
30
33
24

I "'">······ ................................ ..... __·~--~___:>~ " I
Yerage of all spec.Ies..........................
78. , 1
100. 00
14. 3 I
30. 8
Yerage of all spemes except f'prnce..... .....

49. 71

63. 16

14. 5

30. 7

I
SPRUCE SLOPES.

These comprise the steep slopes with thin, stony soil. It bas else
where been pointed out that Beech and Hard Maple, the most persistent
enemies of Spruce, have difficulty in growin g on such soil. The forest
in these situations is, therefore, chiefly composed of Spruce, with a
few Yellow Birch in mixture, and with patches of Hemlock and Pine
011 the brows of tbe ridges. The Spruce is tall and clear, but usually
of smaller diameter than on hardwood land. The largest specimens
occur on the small benches and hollows, where the rich wash from the
hill side has collected. On Spruce slopes the danger from windfall is
very great, and in consequence the forest is frequently comparatively
young, the old trees having been blown down.
The Birch which succeeds in maintaining a foothold on the steep
Spruce slopes is of excellent quality. The trunks are long, clear, a11d
sound.
The Hemlock and Pine are generally in patches on the brows of steep,
abrupt slopes, and there is usually under them a sm;:tller ·growth of
Spruce. The Hemlock is of inferior quality to that on Spruce flats, on
account of windshake, to which it is exposed in this situation.
In the following table, 011 the next page, which gives the average
re~mlt of the measurements of 274 acres in Nehasane Park, Beech,
Maple, Ash, Cherry, and Balsam are mentioned as occurring on Spruce
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slopes. The acres were measured oft' in strips, and in consequence it
was fref]uently necessary to iuclude small patches in other situations
which contain a larger proportion of these species than the typical
Spruce slopes .
.Jere measn1·e•nents (average of 274 am·es) on Sp1·uce slopes.
(From " The Adirondack Spruce." j
(Average number of trees pol' ncre, porcoutage in mi x ture, aud average and mn.ximnm diamet.ers of
all so uutl trees 10 inches and over in <liameter breast high.)

Namu of s pecies .

Average Percent- Average Max.imum
numl>or
a,ge of din.meter dia.zneter
or trees each
breast
ureast
per acre. species.
Ligh .
high.
lnchei.
34

. 42
.02
. 09

Inches.
12. 90
18.60
13. 10
14. 00
16.30
11.40
13. 70
21. ou
12.70
14. 20

51. 55

15. 10

28. 8

Sprllco...... .. .. . .. .. . .. .. . .. . .. .. .. .. .. .. .. .. .. .. ..
Birch .. .. .. . .. . .. .. .. .. .. .. .. .. . .. . .. .. .. .. .. .. .. . ..
Beech.. . .............. ............ .... ...............
Hard Maple .. .. .. .. .. .. .. .. . .. . .. . .. .. . .. . .. .. .. .. ..
H emlock........... .. .............. .... .. .. .. .. .. ..
Balsam .. .. .. .. .. .. .. .. .. .. .. . .. . .. . .. .. .. .. .. .. .. .. .
Soft Map)o...... . . .. .. . .. . .. . .. . .. .. .. .. . .. .. .. .. . . ..
White Pine.............. . ........ ... ......... .. . . . .
Ash................... ........ ............. .........
U berry.... .. .. .. .. .. .. .. . .. .. .. .. . .. . . .. . .. . .. .. . . .. .

34. 00
13. 70
7.20
4. 00
5. 20
3. ~0
2. 50
. 30
.01
. 06

48.45
10.52
10.26
5. 70
7.42

~rage of all spemes except Spruce ...... ... ...

36. 17

~-56

3. 56

40
27
31
42
18
25
42
14
~0

I -··-~:,crago of all species ........................... "'7o.UI"J.ii0:00 ~88 ~-----;i~
DISTRIBUTION OF THE FOREST TYPES.

The t ypes of forest described above are found throughout the section
iueluded in this working piau. The proportion of each type varies,
however, greatly in dift'erent sections. In Nehasane Park the distri
bution was determined to be auout as follows :
Per cent.

Swamp land ... ...... ...... ....................................
Spruce fiats ....................................................
Hardwood l antl ................................................
Spru ce slopes . . . .. . .. . . .. . .. . .. .. .. . .. . .. .. .. .. .. .. .. .. .. .. .. ..

25
10
40

25

It has been shown that the topography of the Whitney Preserve is
different from that iu N ehasane Park in that there are fewer small ridges
with steep slopes a nd a, greater amouut of level and. rolling Janel. The
tollowiug rough estimate was made from a rapid examination of the area:
Per cent.

Swamp land . .. . . .. . . . . . .. . . .. .. .. . .. . . . . . .. . . . . . . . . . . . . .. . .. . .
Spruce fl ats ........... . . .....................................
H ardwood l and .............................. .. ................
Spruce slopes .. .. .. .. • • . . .. .. . . .. .. . . . . . . . .. . . . . . . . .. .. .. . .. . ..

20
30
40

10

In the study of the Spruce in Nehasane Park in 1897 measure111ent
were takeu of 1,046 acres. lu the next table the averag-e numuer o.f
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trees, percentage in mixture, and average and maximum diameter of all
sound trees over 10 inches in diameter on these sample plots are shown.
A table prepared from a similar study of the forest in the Whitney
Preserve would vary somewhat on account of the different proportion
of the forest types, but the difference would not be great enough to
warrant the expense of making such a study.
A.m·e meaBu1·ementB (average of 1,046 acreB) at NehaBane Park.
['E,rom " The Adirondack Spruce.

11

]

(Average number of trees per acre, percentage in mixture, and average and maximum diameters of
all souncl trees 10 incllAs and o,·er in diameter breast high.)

Maxi·
Average Percent· Average
age of <liameter .mu Ill
numUer
ear.h
breast <hamet.er
of lreea
high
breast
per acre. species .
.
high .

Na.111e of M}JOt'l6H.

1 - - - - - - - - - - - - · - - - --

I

1- -  - - - - --

Spruce. . . . . . . . . . . . • . . . . . . • . . . . • • • . . . . . . . . . . . . . . . . . . . .
Birch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Beech .. .... . . . . . . . . . • . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . .
Hard Maple. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hemlock.. . . . . . . . . . . . . . . . . . . • . . . . • • • . . . . . . . . . . . . . . . . .
Balsam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Soft Maple... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
White Pine............... . . . . . . . . . . . . . . . . . . . . .. . . . .
Ash........................ . . ..... ..... .... ... .......
Ce<lar .. . . . . . . . . . ..•.•....... . . . . . . . .. . . . .. . . .. . ..•..

C>•n'

.;:~ :;:,; ;;:;;~

u

erage ol all speCies except Spruce... ... ......

31. 40
14. 00
10. 00
6. 10
4. 60
4. 20
2. 60
.18
.16
. 12
---,;;':

42.04

42.77
19.06
13.62
8.30
6. 26
5. 72
3.54
. 24
. 22
. 16
,.;

~

57.23

---

Inchea.
13.0
17. 1
13. 2
13.9
16.7
11.4
13. 6
18.4
12.9
14. 5
::

:

14.7

JncheB.
30
38
26
30
37
20
28
39
tn
28

I

I

::

I

28.9

SPECIAL CONSIDERATION OF THE SPRUCE.
HABIT.

In favorable localities and in crowded forests the Spruce forms a
long, clear, full bole, and a rather compact, short, and blunted crown.
It attains in Nehasane Park a height of 100 feet and a diameter of 34
inches. These dimensions are, however, rare, and the average for large
t1·ees is not over 90 feet. in height, aud, for the diameter, from 24 to 26
inches. On low~ swampy ground Spruce bas a long crown, all(l is com
paratively short. The average length of crown for all :;;ituatious and
soils is about 40 feet, and the average clear length from 25 to 30 feet.
The average length of the merchantable log was found to be 46 feet.
The root system is fiat and superficial, and the tree, in consequence, is
able to thrive on shallow soils.
Spruce reaches a great age in the Adirondacks, the largest trees
being from 200 to 300 years old. Tbe average age of trees of different
l
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sizes is shown in the following table, which is compiled from the meas·
urements of Z83 trees made in Nehasane Park during 1897:
Ave-rage age of niB'I'chantable Spmce of diffe-rent dimneters.
Diameter Trees Average
Diameter
Trees ..1 Average
breast measured. age.
breast measured.
age.
high.
high.

--- --- --- - - - --- - -Inches.

Number.

Years.

219

165

19

10

228

20

5

21

4

220
231

22
23

5

236

5

253

24

5

27

2

48

171

28

184

28

186
206
199
217

ll
6

7

18
12
12

Y ears.

17

11
12

39

Number.

18

17
38

13
14

Inches .

163

9
10

211

_]
0

SOIL AND SITUATION.

The influence of situation and soil on the character and distribution
of the Spruce is very marked. In general, the Spruce may be divided
into three classes with fairly distinct lines, according as it is found on
hardwood lands or Spruce ~:;lopes, on swamp lands or on the intermediate
Spruce flats. Occasional groups of Spruce on the narrow tops of high
ridges belong also to the latter class. While the character of the tree
varies according to the situation, yet the Spruce is not fastidious, for
it occupies all situations and soils--the tops of mountains and ridges,
abrupt rocky slopes, and low wet swamps, as well as good soil. The
best Spruce is found on rich flats or moderate slopes with rich fresh soil.
Any aspect is good if the soil is suitable. It must not be wet or acid.
Thus the largest Spruce is found on low, moderate slopes, in sheltered
coves, along the benches or hollows of steep slopes, and on rich flats.
On low, swampy land it is short and of slow growth. Spruce of inter
mediate growth occurs on Spruce flats, where the soil is fresh, or even
moist, but not wet.
Aside from these general considerations the presence or absence of
the Spruce in certain places is determined chiefly by accidental distri
bution and by the struggle with other species for possession of the
ground. On steep southwestern slopes it is found in great abundance,
and sometimes almost pure. This is not because the soil and aspect
are here most favorable to the growth of Spruce, but because many of
the hardwoods will not grow on such rocky, thin soil, and the Spruce
is thus left almost without competitors. In the same way Spruce often
predominates on poor, low, moist, or even wet lands, because in such
places, also, it is almost without competition. Spruce is then most
abundant, not necessarily where the situation and soil are best suited to
4364-No. 26 --3
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its development, but in many cases where the soil is so poor that no
other tree will grow. It is most abundant on the brows of ridges, on
knolls, steep slopes, along the edges of lakes, and often on moist ground.
On high land it must contend with the numerous and persistent hard
woods, which, in capacity to bear shade, in height growth, and in repro
ductive capacity, are fully equal to it.
TOLERANCE.

The fact that young seedlings and small trees are so widely dis
tributed throngh the forest is due in part to the ability of this tree to
grow under shade. This does not mean that the Spruce will not flourish
in the light, but merely that it is tolerant of the heavy cover which is
a distinguishing characteristic of the hardwood forest in the Adiron
dacks and throughout New England. Specimens from 100 to 150 years
old, and less than 6 inches in diameter, are common. Such trees have
survived on the sunlight which could penetrate the heavy crowns above
them, and, although not in vigorous h-ealth, are capable of continuing
the struggle to an advanced age. This ability to tolerate heavy shade
is common to large numbers of forest trees, amqng which both the
Beech and the Hard Maple excel the Spruce in this regard. But few
trees possess the wonderful capacity of the Spruce to recover from long
years of suppression and grow almost or quite as vigorously and rapidly
after it is ended as though all the conditions of life had been favorable
from the beginning. It is to this capacity more than any other that
the Spruce owes its presence in the Adirondack forests. Slow of growth
in youth, and germinating for the most part under heavy shade, the
Spruce could not survive iu the hardwood forest, where it reaches its
best development, except by the combination of these two qualitie~
the ability to bear shade and the power to flourish vigorously when the
suppression is over. (Pl. X, fig. I.)
This power of tolerance is not restricted to early life, although very
marked at that time, but continues into age as well. Thus, inNehasane
Park several trees but 9 inches in diameter were found to have more
than 200 annual rings on the stump, and of eighteen Spruces with
diameters ranging from 8.5 to 9.4 inches, but seven were younger than
150 years, and none were younger than 100 years. One Spruce stump
4.5 inches in diameter had 121 annual rings. These trees had grown for
years crowded and shaded by their more thrifty neighbors. Under such
circumstances it is common to find small trees still alive, but with
flattened and umbrella-shaped crowns (Pl. X, fig. 2). Even such trees
are not beyond the possibility of usefulness. If the shade be removed
they will usually begin to grow as vigorously as though they had never
been suppressed. If the leading shoot has been killed, which is some
times the case, a side branch will turn upward and take its place, and
the growth, although somewhat retarded by the accident, will go
rapidly on. A considerable proportion of all the large Red Spruce in
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the Adirondacks is found on examination to have passed through this
umbrella stage. On old windfalls in certain sections, for example, and
particularly on low fiats, many of the old Spruces carry clusters of very
persistent branches growing close together at 10 or 15 feet above the
ground. Such branches mark a period when the crown was flattened
and umbrella 8haped. The present size of these Spruces shows plainly
bow, when the old trees above them were blown down, they shot up
and grew thriftily in spite of the severe circumstances of their youth.
It is true that when trees have attained such a size before being set
free the injury to the lumber is serious, for the persistent branches
entail the loss of a certain amount of clear stuff. If, however, the
tree is small when freed, the knots from which these branches grew
may be covered over in time, and lumber of good quality may be
produced.
REPRODUCTION.

Before determining upon a system of conservative lumbering, a thor
ough study must be made of the reproduction of the forest; and before
advising the owner to leave trees of merchantable size to reseed the
openings made in lumbering, there must be a certainty that this pur
pose will be accomplis bed. In the present case a strong factor in favor
of leaving all trees under 10 rather than only those under 8 inches in
diameter is that there will be a greater number of seed trees, and it is
proposed, further, to leave a large number of trees over 10 inches in
diameter to supplement this amount. (See page 67.) This means the
investment of a certain amount in seed trees. It is, therefore, of the
first importance to know just what this will accomplish, and whether
the results will justify the investment.
THE PRODUC1'ION OF SEED.

A certain amount of Spruce seed is produced annually, but the trees
bear much more heavily in some years than in others. The seed
usually begins to ripen in October. The cones cling to the trees until
late in the season, and it is common to find Spruce seed on the surface
of the late snows in February and March. The seed is light and
winged, and is carried by the wind to great distances. The most con
spicuous examples of this are seen on high, precipitous mountains
which have been burned a11d which in time have become completely
reseeded to Spruce. The complete restocking of the south slope of
.Salmon Mountain is a case in point. Here the timber was entirely
destroyed many years ago, and there is now an almost impeuetrable
thicket of Spruce about Gto 10 feet high. Another striking illustra
tion is the restocking of burned islands where the old Spruce has been
destroyed, and the trees which must have borne the seed are not less
than one-fourth to one-half mile distant.
It so happened that in 1898 the Spruce bore au unusual amount of
fruit. Not only were the lar-ge trees loaded with cones, but the small
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poles, 3 or 4 inches in diameter, bore fruit wherever their crowns were
not directly under the shade of some other trees. One specimen 3
inches in diameter and about 15 feet higb, which had grown iu a crowded
stand and had been given a considerable amount of light by the open
ing of a lumber road, was found heavily loaded witll fruit. The writer
once found in Franklin County a small Spruce only 15 years old which
was bearing cones. This small specimen had, however, grown in an
open field. Trees growing in open places always bear fruit earlier in
life and more prolifically than those in dense forests, because in the
former situations they have more light. They bear also more abun
dantly on rich than on poor soil. The Germans usually ascribe to
trees the greatest capacity to produce seed when their rate of height
growth has reached its maximum. In the .Adirondacks Spruce begins
to bear seed when the crown succeeds in reaching the light, and it
begins to bear heavily when the top of the crown thickens. .At first
a few cones are borne near the main stem below the last year's growth .
.As the crown thickens and spreads, the cones are borne on the side
branches. The period of beginning to bear seed may be delayed till
the trees are 80 or 100 years old, for often they are overtopped and do
not succeed in growing up into the light before this age. This long
suppression does not, however, prevent their producing abundant fmit
when the shade is removed. Spruce continues to bear seed to a great
age.
The fact that a tree is unsound does not seem to aftect its capacity
to bear fruit, just as a tree which is unsound may often continue to
grow rapidly.
Millions of seeds fall which never germinate. The squirrels and mice
eat a considerable number, but probably the majority fail to germinate
because of the lack of certain essential conditions.
CONDITIONS NE CESSARY FOR REPRODUCTION.

Besides the power of the trees to produce seed, the chief essentials
of good reproduction are a favorable germinating bed and a certain
amount of light.
The character of the seed bed is determined by the situation and
soil, the density of the forest, and by the component species. It makes
a great difference in the reproduction of many trees whether there is a
layer of hardwood leaves on the surface of the ground, a matting of
needles, abundant moss, or no soil covering at all. In dense hardwood
forests there is always a heavy layer of leaves, and here Spruce has
great difficulty in obtaining a foothold. It delights, however, in moss
such as is often found under coniferous trees, but does not thrive as
well if the soil is very wet. Spruce seed will germinate well also in a
matting of needles or on bare mineral soil.
The density of the forest influences reproduction not only by it& effect
on the character of the soil cover, but by controlling the degree of
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light in the forest, a certain amount of which is necessary for the
germination and subsequent development of the young trees.
The reproduction of Spruce is often hindered by Witch Hobble.
This shrub frequently comes up in considerable quantities on lumbered
land, and also in the uncut forest where the density is not great, and
sometimes prevents the development of small Spruces by the den se
shade of its large leaves. It is found most abundantly on hardwood
land.
PURE SPRUCE.

The question is often asked why, in spite of the excellent reproduc
tion of Spruce, the lands on the western slope of the Adirondacks do
not yield as heavily as those in the White Mountains of New Hampshire.
(Pl. XI, figs. 1 and 2.) The average yield of Spruce in certain sections
of the latter region is 10,000 board feet per acre, while in the Adiron
dacks a yield of 4,000 feet is considered large. The reason is not
that the Adirondack landis less productive, but that there is a greater
amount of hardwood timber in mixture. When the two regions are
compared, however, it will be found that the laws governing the distri
bution of the trees are identical, and that the reasons for a larger
amount of hardwoods in the Adirondacks lie in the difference in topog
raphy. The western slope of the Adirondacks may be described as a
high plateau broken into hills, ridges, and knolls, interspersed with
lakes, swamps, and fiats. Those sections of the White Mountains where
the yield of the Spruce is so great are characterized by high mountains.
Much of the timber land is, in consequence, on the long steep slopes
of the high ridges where the soil is thin and unsuited to the growth
of the hardwoods. There are, however, many bigh flats covered with
Spruce, on which the soil is deep enough to admit harrlwood trees.
Here the Spruce predominates chiefly because it has succeeded in
occupying the ground first and the hardwoods have been excluded.
Such conditions are exactly duplicated in the western Adirondacks
on limited tracts, and in such places the Spruce is deuse and the yield
large. Spruce occurs pure, therefore, either in sections where hard
wood trees have difficulty in growing, or where, through some acci
dental circumstances, it bas succeeded in establishing itself before any
other species. For the first reason it is found chiefly on steep slopes
and in rough situations, and for the second reason on Spruce fiats and
swamps where the old timber has been destroyed by fire or wind, and
Spruce happened to spring up more abundantly than other trees.
In the Adirondacks the patches of pure Spruce are usually composed
of comparatively young trees. The reason for this is that the situ
atiolls where pure stands are found are exposed to windfall. Thus, on
the slopes which face the dangerous wind, on the thin soil of Spruce
fiats, and in the moist swamps, windfall is common, and the timber is
usually blown down before it reaches maturity. After a tract of land
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bas been cleared by wind, fire, or otherwise, the succeeding growth is
of a comparatively even age. Seed is distributed over the clearing,
and the whole area stocked with some kind of tree growth in a com
paratively short time. After a windfall there are usually a few saplings
which have escaped being blown down, but aside from these few speci
mens the second growth often will not vary more than 10 to 20 years
in age. This new growth frequently comes up very dense, as many as
4,000 or 5,000 plants often springing up on 1 acre. As these small
trees grow larger and require more light and space for their develop
ment, the more thrifty plants take the lead and overtop the weak speci
mens, which die on account of the shade. As the trees grow older tileir
number falls ofl', but because of the great ability of the Spruce to
tolerate shade there is always a large number of trees per acre in a
pure forest. On account of the mutual crowding of the trees the lower
branches die and break off early in life, and as a result long, clear
shafts are produced.
From a large number of.measurements in the heavy Spruce forests in
the White Mountains of New Hampshire, it was found that from 200 to
250 trees often grow on 1 acre at maturity.
SPRUCE IN MIXTURE.

•

In a virgin forest of mixed species, like that in the Adirondacks, the
life history of the Spruce is entirely different from that in pure stands.
Here large tracts are seldom cleared by destructive 11atural agencies,
but individual trees are continually dying and being replaced by others,
so that the forest is composed of trees of all sizes aud ages. In the tech
nical parlance of forestry such a stand is called a "selection" forest.
It is obvious that tile young trees which germinate in openings made
by the death of one or two trees will l1ave comparatively little light
for their development. The consequence is that the young Spruce
which comes up under such conditions is very backward in its growth
and survives only through its marvelous capaCity to live in deep shade.
If the crowns of the larger trees close together above the small trees,
the growth in height is frequently so checked that the terminal shoots
add but a fraction of an inch each year. In such cases the growth goes
chiefly to the side branches, with the result that the trees are shaped
like mushrooms. (Pl. X, fig. 2.) Wheu the cover is removed from over
head the young trees shoot up with new vigor and attain a normal
development; but where the side branches are large the timber is apt
to be coarse. It has been observed also that trees which have been sup
pressed in this way are apt to become rotten at the place where the
branches are clustered.
In a pure forest, where the trees are of about the same age, the timber
grows more rapidly than in a mixed forest, because the competition is
between trees of approximately the same height, and in consequence
there is no shade from above, as is the case in mixed hardwood forests.

FIG. 1 .- HEAVY SPRUCE TIMBER .

MAD RIVER, NEW HAMPSHIRE.

FIG. 2 . - NEARLY PUR E SPRUCE.

M AD RIVER, N EW H AMPSHIR E.
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While the Spruce grows more rapidly and produces straighter and
clearer timber in pure forests, the danger from windfall is much greater
than where there is a scattering of Birch or other hardwood timber.
The best results are obtained where the hardwoods form about one
quarter of the crop.
As is explained on page 36, the reproduction Qf Spruce is better iu
pure than iu mixed forests, because there are no seed trees of other
species in the immediate neighborhood, and in consequence there is
but little competitiop for the occupancy of the ground, and also because
the soil cover is more favorable to the germination of Spruce seed.
THE GROWTH OF SPRUCE.
EFFEO'l' OF THINNING.

It has been found that when a crowded stand is thinned the trees
which remain gTow more rapidly than before. This accelerated growth
is caused, first, by the more rapid disintegration of the humus and
the consequent liberation of an increased amount of available food
material, and, second, by the increased spread and efficiency of the
roots and crowns.
In the Adirondacks, where the forest is dense and the climate cool,
a deep layer of humus accumulates. When the forest is thinned the
lmmus disintegrates more rapidly on account of the admission of the
sun's rays and the freer circulation of air, and an increased amount of
food material is made available for the growth of the trees. The
immediate increase in growth is probably due to this cause. How long
it will last depends upon the length of time before the humus disap
pears. Professor Hartig, of Munich, estimates this period, under ·
favorable conditions, at about 10 years.
The effect of openings in the forest on vigorous and suppressed trees
alike is to give them more room for development, a larger and better
apparatus of roots and leaves for gathering and digesting food, and so
to increase their rate of growth in diameter and height.
The practice of thinning is based on tlus capacity for increased
growth on the part of trees which have been more or less vigorously
set free, or, in other words, on the part of the members of a piece of
forest which has been thinned. The removal of a certain number of
trees from overcrowded woods increases the final product, instead
of decreasing it, and an additional product is obtained from the wood
cut in the thinning. In this way the total output of a piece of forest
in final cuttings and thinnings together is greater than it would be
without sylvicultural attention.
INOREASED GROWTH AFTER LUMBERING.

In the Adirondacks the forest to be dealt with does not com;ist of
one species, but is a mixture of deciduous and coniferous trees of all
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ages. The cutting there has been governed by the distribution of
merchantable timber, and such considerations as have just been
debcribed have been left entirely out of account. In this way it
happens that a considerable amount of old Spruce may be removed
with very little benefit to the young trees of that species. Old Birch
and Maple and other bardwoods may r emain, and the effect of tllC
cutting may not be to free any considerable number of young Spruce
trees from the heavy cover overhead. In other cases the merchantable
Spruce may stand in groups of old trees without youug growth, so that
their removal will have little or no effect on the young trees which
remain. The best results are attained only when the timber removed
was well distributed above the young trees. Where but a single mer
chantable species is cut from the mixed forest this can not often be the
case. Just what the efiect of tbe cuttiug will be on tbe remaining
trees depends then on the character of all the species in mixture as
well as on the number and distribution of the old trees which were
removed. It is therefore difficult to reach figures more than approxi
mately exact.
The following method of study was employed as a means of attacking
this question: On areas of definite size, usually of 1 acre each, on cut
over land, all trees which would make pulp wood were cut and analyzed
so that their exact contents were known. The stumps and tops of trees
taken at the first cut, and the distance between tbem, were then meas
ured, and the number of logs and the amount of timber removed at
that time were thus closely ascertained. All trees left by the second cut
were then carefully measured with callipers. The date of the first cut
was known, and it served, together with the measurements and count
ing of rings carried out in the second cut, to reestablish the history of
the stand for about 30 years back. Fourteen such small plots were
laid off, and over 2,000 trees were carefully analyzed. The valuation·
surveys which were carried out upon them are found in detail in the
appendix of "The Adirondack Spruce."
The object in taking these stem-analyses was to determine the present
rate of growth in diameter of trees of all sizes and to obtain measure
ments of enough trees to make volume tables (or tables of solid con
tents). The stem-analyses were, therefore, not as complete as would
have been the case had the intention been to make tables of growth
according to the German methods.
The following measurements were taken of each tree:
Diameter at 4.5 feet from the ground.
Diameter on the stump inside and outside the bark.
Diameter at the top of each log inside and outside the bark.
Height of stump.
Length of each log and of the top.
The rings were counted on the stump and at the upper end of each
log for 30 years in from the bark, and the distance to each 10-year point
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was measured. From these measurements it was easy to determine
which trees had increased in rapidity of growth after the lumbering
and which had not.
Other measurements were taken, but, as they did not contribute
directly to the results here presented, no further mention of them is
required.
The great labor involved in collecting such data made it impossible
to extend the above-mentioned inquiry beyond tlle 2,000 trees analyzed.
This number, however, is great enough to establish a trustworthy basis,
and the figures derived from it are used as such in the present study.
The reasonableness of these figures, their number, and the fact that the
efl'ect of the probable removal of hard woods from Spruce lauds during
the next few years has been neglected, combined to give assurance
that any error resulting from their use will be in favor of the forest
owner, not against him.
The following table gives the percentage of small trees whose growth
was found to have been increased by the cutting of the old timber. It
will be noticed that the causes of irregularity mentioned above have
acted so powerfully as to prevent the statement of any exact ratio
between the percentage of trees afl'ectecl and the amount of timber
removed. In general the former may be taken at about 20 per cent.
Amount of tintber in standards 1·emoved at first ctttting, and pm·centage of small tues left
sta11cling whose growth was accelerated, onfou1·teen sample plots at Santa Clam, N. Y.
l ]'rom " Tho A clirondack Spruce."]
Amonnt
Area of removed
sample
at first
plot.
cutting.

Small
trees
whose

growth
was nc

Amonnt
Area of removed
sample
at first
plot.
cutting.

celerated.

Small
trees
whose
growth
was ac
eel crated .

- - - -  - -  - -  - -  StandAcreB.
0.8
1.0

.9
1.0
1.0
1.5
1. 5

ardt.
38.4
17. 0
14.2
14.0
13.0
11.8
11.2

P er cent.
42
31
6
40
13
.2
20

Acres.

Stand·
ards.

1.0
1.0
.2
1.0
1. 0
1.0
1.0

10.0
9. 8
4.4
4. 2
2.6
1.5
.5

-

Per cent.
36
11
21
11

_=]
.

The area chosen for the study just described was at Santa Olara,
Franklin Oounty, N.Y. Here the first lumbering operations took place
in 1882, the next in 1888 and 1891 1 and the final crop was removed in
1896. In 1882 probably only the largest and best trees were taken, and
in consequence the number cut was small. At least it was not possible
to :find any small trees showing an increased growth beginning at that
date. The cuttings of 1888 and 1891 were much closer, and the effect
on the small trees was very marked.
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In most cases the increased growth began with the first season after
the cutting. On the areas cut over in 1888 there were but a few trees
which showed an accelerated growth beginning after that year. In
these cases it was not possible to determine whether the new start had
been delayed, or whether it was due to windfalls following the cutting.
On the area cut over in 1891 a considerable number of trees showed a
small increase in growth the first year, and a much mor~ rapid increase
the following years. In general, it may be said that the increased
growth takes place, as a rule, the first year, and that it will in all prob
ability continue until the next cutting, for if the first cause (the rapid
decomposition of the humus) ceases after a few years, the roots and
crowns will have begun to spread, and the second cause will thus have
come into operation.
The average rate of growth in diameter on the stump of 1,593 trees is
found in the table following. It was determined. for all the trees
together for the periods just before and after the previous cutting, and
separately for those whose growth was accelerated. These trees
occurred on eleven of the sample plots which were studied at Santa
Clara. The other three plots were omitted because only a very few
trees were taken at the first cut, and almost none of the remaining
small trees showed accelerated growth. These measurements exhibit
the rate of growth under various conditions of situation and soil.
The figures of diameter growth given in the table were derived from
measurements of the last ten rings. For example, the third column
gives the average rate of growth of all trees just before the last cutting,
and was found in each case by subtracting the increment for the period
since lumbering from the increment for the last 10 years, and dividing
by the number of years during which the growth thus ascertained was
made. The fifth column gives the average rate of growth of all trees
since the lumbering, whether they show an increased growth or not.
The column which gives the current annual growth in diameter after
the values have been made regular by a curve also requires a word of
explanation. When a series of averages are made out it often happens
that the successive figures do not follow quite regularly. It will be
noticed in the table that this is true of the lower part of the.fourth col
umn, and that it is probably explained by the lack of enough trees of
15 inches iu diameter to get a fair average. In such cases the va.lues
are plotted on cross-section paper and a regular curve is drawn through
or near the points which represent them. The points through whicll
the curve actually passes are then taken as the true values. In this
way accidental irregularities are avoided, and the results are brought
much nearer the truth.
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A11e1·age 1·ate of g·rowth in diameter on the stump of 1,593 t1·ees on OL!l·owr land at Santa
Clam, N.Y.
[From "The .Adirondack Spruce."]
(Total nmnucr trees, 1,593. Number trees showing increased growth, 294, or 18 per cent.)
Current anCurrent
Current nualgrowth Number of
annual
annual
in diameter
y;~fr8e~eNLunbcr g•·owth in ~:rowth in since first
Diameter. of
diameter
ti'CCS.
diameter
cutting(val
to grow
just before since first uesmade
1 inch in
firRt cutdiameter.
cutting.
regular
by
tin g .
a curve).

Inches.
0. 095
. 08
.09
.105
.12
.135
.13
.165
.165
.15
.08
. 20

Inches .
0. 095
.10

Average. ----- -- - -- =-112

=-137

Inches.
5

8
!58
329
350
277
226
135

6

7
8
10
11
12
13
14
15
16

64

30
11
1
4

.ll
'125
.14
.15

'145
.175
.17
.15
. 08
. 20

Inches.
0. 09

T1·ees showing increased growtl.J.

N mn ber.

Inches.
0.10

11
10

.10
.109
. 125

16
63
77
59
50
18

.14
.15
. 16
. 17
.178
.185
.192
. 20

'18
.185
'205
. 205
. 215
'21
. 24
.17
. 20

··---------- -----------
------------ ------------

5

-----·~----· 1 ---- --- ----- .:..:..:..:..:..:..:..:..:..:.

0.. .. . . . ... . . . .

N~.:::

Current
annual
in
( iameter
since first
cutting.
~rowth

.20

j_.J
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It is interesting to compare the growth in diameter of trees growing
in the original forest with the figures just given for cut-over laud.
Stem analyses were made on 298 trees in original forest near Nehasane,
from which the table given below has been compiled. These measure
ments were taken at a lumber job on the southern edge of Nehasaue
Park and on the Brandreth tract.
Rate of g1·owth in diameter jo1· the la.st 10 yem·s, from
Nehastone Park.

measuren~ents

of 298 t1·ees in

[From " The Adirondack Spruce."]

Number
of trees.

Number
M ean
of years
Diame
ann Lial
required
ter.
growth iu to grow
diameter. linch.

- - - ---- - - -

Inches.
18
39
48
28
29

39
19

Ll
2
7

9
10

11
12
13
14
15
16
17
18

Inches.
0. 10
.12
.14
.12
.13
.14

Number
Mean
of years
Din.me
annual
required
ter.
growth in
grow
diameter. to
linch.

--- ---- --------

.11

10
8
7
8
8
7
9
9

.11

9

.11

9

.11

Number
of trees.

11

5
4
5
5
5
2

Inche1.
19
20
21
22
23
24
27

Average ......

I

Inches.
0.12
. 10
.11
. 08
.10
.10
.14

8
10
9
12
10
10
7

~~TJ
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GROW'I'H IN DIFFERENT PARTS OF A TREE.

An exceedingly interesting question is the rate of growth of different
parts of the same tree. It must be borne in mind that the material for
growth is elaborated within the crown from material derived from the
air and the roots, and that this elaborated sap comes down in the inside
of the bark. It is not difficult to see that within the crown the rate of
growth must be more rapid at the lower part than near the top, because
each branch adds a certain amount of material for the growth below
which the stem above did not l.Jave. In general, except close to the
ground, the growth falls off below the crown. In the case of trees very
much suppressed it may happen that not enough material for growth is
formed in the crown to reach the lower part of the stem, and in some
cases the number of annual rings on the stump will not represent accu
rately the age of the tree, because for some years there may have been
no growth whatever in the lower part of the stem. This happens, how
ever, usually only in the case of dying trees. The width of the annual
rings is smaller at the lower part of the stem than above, even if the
same amount of material is brought down, because it has to extend
over a larger surface. The results of the measurements taken on about
2,000 Spruces show the largest growth in the crown, the smallest at the
top of the first log, and a medium growth on the stump. Where the
trees bad an increased growth after thinning, the largest growth was
at the stump. The fact that the increased growth at this part of the
stem is out of proportion to that above bas led some observers to believe
that it is not necessary for all the food materials to be digested in the
crown before they can be used in growth. This theory is the result
of the phenomenon just mentioned, and of the fact that those roots
of a tree which are in the richest soil grow to the largest size. In
order to present more clearly the relation of the rate of growth at the
difl'erent parts of the tree under the new influences of light and space
after thinning, the following table bas been made from 59 trees, all of
which showed accelerated growth on the stump:
Rate of g1·owth at different sections of the stem.
[From "The Adirondack Spruce."']
(Mean annual diameter g rowth.)
On tho stump.

Top of first Jog.

Dimueter.
Jnch e11.
6
7

8
9
10
11
12

I

Average.

1886-1888

188S-1896

1886-1888

1888-1896

0.14
. 105
. 125

0. 20

0.12
.12
.12

.OM

0.12
.14
. 15
.12
.16
.11
. 14

.11

.13

.11
.13
. 105
.17

---.12

.24
• 20
. 20
. 21
. 17
. 23
. 21

.11
.11
.10

Top of second log.
1886-1888

1888-1896

.......... .. ------ ·----
0.15
.16
. 14
.15
.12
. 20

--.15

0.16
. 20
. 16
. 22

·~

Number o
treeH .

1
12
12
15
10

=ij

--~, -59

NOTE. - Tbo above r esults make it clear that measurements taken at the top of the first or second
Jog can not safely be used in reasoning about growth on the stump, or vice versa.
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THE PRODUCTION OF SPRUCE.

In the study of the production of a forest it is necessary to know not
only the rate of growth of the individual trees, but also how much
young timber will be left standing after lumbering to form the basis
for a second crop. An exhaustive study of this question was made in
the investigation of the Spruce in Nehasane Park in 18!>7. In this
connection 1,046 sample plots, of 1 acre each, were surveyed to deter
mine the number of trees per acre of different diameters. The results
of these measurements are summarized in the table following. The
surveys are grouped according as the yield per acre was, in round
numbers, 1,000, 2,000, 3,000, etc., board feet. In each class the total
number of acres involved is stated, and the average number of trees
per acre. For the ~ake of accuracy, fractions of trees have been
given. Jn the case of the large diameters there is less .than one tree
of each diameter per acre, and the result is often a very small fraction.
Average nmnbet· of t1·ees per am·e of different diamete1·s, and numbe~· of acres measUI·ed,
classified accm·ding to the yield in board f eet of all trees 10 inches and ovm· in diameter
breast high .
[From "The Adirondack Spruce." ]
Yield of all trees 10 inches and over in diameter breast high, in board feet.
Diam·
1,000 12,000 1 3,000 14,000 15,000 1 6,000 1 7,000 18, 000 1 9,000 110,000111,000 1 12,000
eter
(139
(213
(223
(204
(106
(71
(37
(21
(4
(5
(1
(2
breast a cres). acres). acres). acr es). acres). acres). a cres). acres). acres). (acres . acre). acres).
high.
.Average number of trees.

Inches.
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

22.30
18.70
1~0

12. iO
10.90
8. 70
6. 80
5.30
4.60
3. 20
2.10
1. 40
1. 30
. 90
. 50
.60
. 30
. 20
. 20
. 08
. 04
. 02

.......
. 01

...... .
···--·
. 01

20.50
19. 30
18.10
13.00
10.60
8.30
7.40
5. 40
5. 30
3. 80
3. 60
2. 60
1. 90
1. 50
1. 20
. 90
. 60
. 40
. 30
. 20
. 20
.10
. 03
.04
.02

21.10
20.00
18. 20
12.00
12. 10
9. 20
7. 80
6.50
6. 80
4. 60
4.10
3. 60
2. 80
2.40
1. 80
1. 30
1. 00

.60

21.20
19. 10
18. 30
13.90
12.20
10.20
8. 20
7. 50
6. 90
5. 50

5. 20
4. 20
3. 50
3.30
2. 40
1. 80
1. 20
. 80
. 50
.40
. 20
. 10
. 10
. 02
. 03
. 01

.40
. 20
. 20
.20
. 07
. 03
. 01
. 01
. 01 . ... ...

······

.......

24.90 26.30
23.30 24. 30
21.40 23.10
16.90 18.40
13.60 14.50
11. 90 12. 80
9. 70 10.60
8. 80 10.30
9.80
8. 70
6. 80
9. 60
6. 60
7. 80
5.10
6. 40
5.10
6. 30
4. 00
4. 00
2. 90
3. 30
2. 20
3. 00
2. 00
1. 90
1.10
1. 20
. 80
.90
. 60
. 60
1. 30
1. 30
. 20
.10
. 07
.10
. 03
. 03
. 03
. 03
. 06
. 03
--· ····
-······ . 01 · ···--·
21.50
19.00
19.70
14.60
13.60
10.60
8. 90
7. 30
7. 80
6.50
5. 60
4. 70
4. 40
3. 80
2. 60
2. 40
1. 80
1. 00
. 70
. 50
. 20
. 20
. 03
. 04
. 01

I :: •·•••••. ~f• •::• •.
u

24.20
24.10
21.80
18.50
13.20
12.90
9. 80
9.40
9.60
7. 40
6.40
7.10
5. 80
4. 00
4.10
2. 30
2. 20
1. 30
1.10
1. 00
1. 00
. 30
. 10
.10
.10
. 05

23.50
18.20
14. 50
13. 00
13.00
12.70
11.00
7. 20
11.00
8. 50
7. 20
7. 50

7. 00
6. 20
7. 00
4. 00
3. 20
1. 70
1. :,o
1. 70
1. 20
1. 20
. 70
. 20

23.00
24. 40
18.40
17.80
16.00
12. 60
8.40
8. 60
8. 20
8. 60
8. 60
6. 60
6.40
7. 00
4. 20
5. 60
3. 20
2. 40
2. 00
1. 20
. 50
. 40
. 40
. 20

I

16.0
9. 0
20. 0
15.0
25. 0
17.0
20.0
10. 0
8. 0
12.0
18. 0
13.0
12.0
4. 0
5. 0
2. 0
1. 0
1.0
2.0
1.0

49. 0
41.0
34.0
23.5
17.5
19.5
13. 5
13. 0
14.0
15.0
17. 0
14.0
8. 0
7. 5
5. 0
6. 0
2. 5
2. 0
1.0
1.5

······· ··· ··· ··
....... ..........
....... . .......
...... . ... .. ...
. ...... ... ... . .......
.5
······· . ..... . ....... . .......
....... ......... . ...... ...... . . ........

; .··:· : •:•.• •·•·•· • • • : : : . • I
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YIELD

~'ABLES.

The material given in the preceding tables was prepared for the
purpose of predicting future crops of timber after cutting to a given
limit on lands yielding a known amount of Spruce. It is of great
importance to the landowner to know how soon he can return to a
certain tract of land after cutting aud obtain the same yield as at first,
and to what minimum diameter it will be most profitable in the long
run to cut. There can be no doubt that the best immediate returns
are obtained by cutting down to 5 inches. Forest management is out
of the question for the lumberman who wishes to make all the money
possible out of his property at once and without regard to its value in
the future, for it rests on the premise that forest land is so much pro
ductive capital and that its productive capacity should not be impaired.
It is easy to show that, if the Spruce is cut down to 5 iuches, so long a
time must elapse before there will be merchantable Spruce on the area
again that it will not pay to hold the land for the next crop. In such
a case there would be no timber worth cutting even for pulp iu less
than 50 to 75 years. Interest charges, taxes, and the cost of produc
tion can not be met for tile sake of so meager a crop ~s would result
from the present system of cutting at the end of that period.
J\fany lumbermen are now cutting, from lands lumbered 10, 15, or 20
years ago, a yield as large as the first cut. As a rule they are cutting
to a smaller diameter than at first, as, for example, in some cases where
the first cut was to about 10 inches the second cut is removing every
thing down to 5 inches. Even where the limit is said to have been the
same at both cuts and the product the same, it must be remembered
that, while no trees may have been taken under 10 inches at either cut,
many trees over 10 inches, which would now be merchantable, at the
time of the first cut were considered unfit foF market. Nor is it prob
able that the cutting to the limit at first was as close as it would
be now.
The yield tables have been made in order to give definite informa
tion as to the production of cut-over Spruce lands. They embody the
results of measurements on 1,046 test acres, classified according as the
yield was nearest 1,000, 2,000, 3,000 board feet, etc., per acre.
In the tables, as given in "The Adirondack Spruce," there were
stated the number of acres in each class, the exact average yield of
these acres, and the amount of timber which would be obtained in 10,
20, and 30 years after cutting down to 10, 12, and 14 inches. The
number of years which must elapse before the land will yield exactly
the same amount as at the first cut was also shown. These tables are
given in the Appendix.
In working with the above-mentioned tables during the past year it
was found that they could be used more conveniently if the predicted
yield in 10, 20,and 30 years were expressed in percentage of the original
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stand as well as in board feet, and if the amount of timber 12 and 14
inches and over in diameter were expressed in percentage of the stand
of trees 10 inches and over. The tables would have a further advantage
if these values were determined for acres yielding exactly 1,000, 2,000,
3,000, etc., board feet per acre, instead of for acres yielding these amounts
in round numbers. Thus for acres which yielded in round numbers
1,000 board feet the actual stand was 11416 feet. The predicted yield
at different decades was, therefore, really determined for acres of 1,416,
and not of exactly 1,000, board feet. The tables were reconstructed to
show the predicted yields in percentage of the original stands, and the
amount of timber 12 and 14 inches and over in diameter, in percentage
of the stand of trees 10 inches and over, all values being calculated for
acres yielding exactly 1,000, 2,000, 3,000, etc., board feet. 1
Present yield ]JI!'I' acre of Spruce, amount tvhich ca1t be c"t in 10, 20, and 30 years after
lumber·ing, and the number of yem·s which nmst elapse befm·e. the same amount can be
obtained aga·in, cutting down to 10, 12, an(l14 inches.
A.-SPRUCE PER ACRE 10 INCHES AND OVER IN DIAMETER BREA.ST HIGH.

Yield of
Second en t after
nil trees 10
10 years.
inchea and Number
over in
of a cres
meaa· Percent
diameter,
ured.
Boar<l
breasthi~h,
age of
feet.
in boar
Jirst cut.
feet.
I

1,000
2, 000
3, 000
4, 000
5, 000
6, 000
7, 000
8,000
9,000
10,000

Second cut after
20 yeat·s.
Percentage of
first cut.

Board
root.

- -  ---·
- (;
5
a
4
------

2
139
213
223
204
106
71
37
21

20
15
11

'

5
4

5

9

8
7
7
6

200

60

~00

43

330
360
400
420
,90
480
450
400

41
3G
:!3
32
30
27
24
21

600
860
1, 230
1, 400
1, 650
1,920
2, 100
2, 160
2,160
2,100

Secon<l cut after
30 years.

~- ~

Percen
age of
first cut.

Boa 1·d
feet.

18

7

ao
94

70
56
50
46
42
37
32
27

1, 400
1, 880
z, 100
2, 240
2, 500
2, 760
2, 940
2. 960
2, 880
2, 700

. ~I

required
between
e9 ual cuts,
m years.

- 9
27
32
36
39
41
~

45

jJ
9
l

'In order to arrive at the future stand after lumbering, for tracts yielding exactly 1,000, 2,000 feet,
etc., per acre, thefollowingmetbod of interpolation was u sed: On the horizontal lines of cross-section
paper there were laid off the different yields p er acre in board feet, an<l on the vertical lines the future
yield in periods of 10, 20, and 30 years . Normal curves were!lrawn through the points of intersection,
and the values for acres yielding exactly 1,000, 2,000, etc., feet were ascertained by interpolation.
The same method was used to determine the stalHl of trees 12 and 14 inches and over for acres yielding
exactly 1,000, 2,000, 3,000 feet, etc., and also for t.be intervals required between equal outs.
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Present yield 11er aore of Sp1·uce, anwunt tvhioh can be cut in 10, 20, and 30 yea1·s after
lumbel'ing, and the number of yea!'B which ntust elapse before the same amount can be
obtained again, cutting down to 10, 12, and 14 inches-Continued.
B.-SPRUCE PER ACRE 12 INCHES 1L.'m OVER IN DIAMETER. BREAST HIGH.
Yield of all t.rees
Yield of
12 inches and
all trees over in diameter,
10 inches
breast high.

Second cut after
10 years.

an<l over
india Percent
meter, age of the

Percent
age of
first cut
over 12
inches.

breast yield of Board
high, in trees
feet.
10
board
inches
feet.
and O\'er.

Second cut after
20 years.

Second cut after
30 years.

Percent
Percent
age of
age of
first cut Board
first cnt Board
feet.
feet.
over 12
over 12
inches.
inches.

Board
feet.

Interval
required
between
equal
CUtJ:J, iD

years.

--- --- - - - ; -r3 - -4 - - -5- - - -6 - - 7-- - -8
9
10
1
- - - ------ - - - - - - - - --- - - -------1, 000

76

740

68

503

J40

2, 000

74

1, 480

49

725

93

3, 000

83

2,490

38

950

o9

4, 000

85

3, 400

32

1, 088

59

1, 718
2, 006

5,000

85

4, 250

54

2, 295

6, 000

85

5,100

27

7, 000

85
86

5, 900

26

8, 000

6, 880

9,000

87

7, 830

10, 000

87

8, 700

I

29

I

25

u
I

21

I

I

I
I

I, 233
1, 377
1, 547
1, 720

I

1, 036
1, 376

I
I

260

1,9U

15

180

2, 664

21

132

3, 287

24

110

3, 740

29

97

4, 123

31

52

2, 652

90

4, 590

32

51

3, 035

88

3, 825

33

41

3, 234

82

5, 236

1, 879

41

3, 210

72

5, 642

1, 827

34

2, 958

60

5, 638

I
I

G.-SPRUCE PER ACRE 14 INCITES AND OVER IN DIAMETER

Bl~EAST

Yield of all trees 14 Secoml cut after 10 Second cut after 20
Yieldofall
inchesamloverindi·
i;~b:: ;~d
ameter, breast high.
years.
years.
.
?ver m
Percentage
d1amet~r. oftheyieTd
Percentage
Percentage
b~east
of trees 10 Board feet. of first
cut Bo"rd
feet. ofover
first cut Board feet.
1
~
b high,
0 e 14
14
m fe~i." inches and
i;cbes.
inches.
over.
1

--

2
53

HIGH.

Interval r e
quired bo
t
I
weene<J,ua
cuts,
m
years.

I

---

3

4

5

---

530
1, 140

82
70

3, 000

57
61

1, 830

4,000

64

2,560

5, 000

60

3, 300

6, 000

66

3, 960

1, 000
2, 000

_jJ

6

7
160

8

435
7g3

136

848
1, 550

57

1, 043

114

2,086

19

46

1,179

96

2, 458

21

43

1, 419

90

2, 970

21

42

1, 663

87

3, 505

21
21

7, 000

67

4, 690

41

1, 923

84

3, 940

8, 000

68

5,440

39

2,122

78

9, 000

68

G, 120

36

2, 203

70

4, 243
4, 284

10,000

69

G, 900

33

2, 277

64

4, 416

--

13
16

JJ

APPLTCA'J'ION OF 'l'HE YIELD 'l'ABLES.

In order to show the character of t!Je problems which can be worked
out by the yield tables, six examples are given mainly as they appear
in "The Adirondack Spruce" to illustrate the reconstructed tables.
The application of the tables to Nehasane Park and the Whitney
Preserve is shown on page 65 in conuectiou with the proposed plau
of forest work.

APPLICATION OF THE YIELD TABLES.
l~XAMPLE
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NO.1 .

A man owns 30,000 acres·, which yields on an average 3,000 board feet J•er acre of
Spruce 10 inches and over in diameter. To what limit will it be most profitable in
th e long run for him to cut, bow much can be cut annually if be wishes to obtain a
sustained annual yield, and bow soon can he return to the portion lumbered over
the first year and cut the same amount of timber above the same diameter limit as
at first~
If the diameter limit is 10 inches, t.he total stand is 30,000 by 3,000=90,000,000
board feet; the same yield can be obtained in 36 years (Tab le A, column 9); the
area lumbered annually will be 30,000-;- 36=833 acres; the annual cut will be
90,000,000-;-36=2,500,000 board feet.
If the diameter limit is 12 inches, the average stand per acre is 83 per cent of the
stand of trees 10 inches and over (Table B, column 2), i.e., 2,490, or in round num
bers, 2,500 board feet. The total stand is 2,500 by 30,000=75,000,000 board feet;
the same yield can be obtained in 24 years (Table B, column 10); tho area lumbered
annually will be 30,000-;-24=1,250 acres; the annual cut will be 75,000,000-'-24=
3,125,000 board feet.
If the diameter limit is 14 inches, the average stand per acre is 61 per cent of the
yield of trees 10 inches and over (Table C, column 2), i.e., 1,830, or in round num
b ers 1,800 board feet. The total stand is 30,000 by 1,800 =54,000,000 board feet; the
same yield can be obtained in 19 years (Table C, column 8); the area lumbered over
will be 30,000 -;-19 = 1,579 acres; the annual cut will be 54,000,000-'- 19 = 2,842,105
board feet.
By comparing these results it appears that, if it is desired to cut an equal amount
of timber annually for an indefinite period, the largest yield can be obtaiuecl by
cutting to a 12-inch limit. The area lumbered annually is about 4.00 acres greater
than if 10 inches were the limit, but the annual cut is 625,000 board feet larger.
Lumbering nuder th ese conditions would nevcrt.h eless be profitable, inasmuch as
the average stand per acre for trees 12 inches and over in diameter is about 2,500
board feet.
EXAMPLE NO. 2.

A man owns 1,000 acres, yielding 1,500 board feet of Spruce per acre, 12 inches
and over in diameter. To what limit will it be most profitable in the long run to
cut if he lumbers the entire tract in one year and how soon can he return for a
seconcl cut equal to the firsti
See Table B, column 3, for the amount nearest 1,500 board feet. The closest
figure is 1,4.80 feet in the second line. All the desired information will be obtained
on this line in the throe tables.
If the diameter limit is 10 inches, the average yielcl is, in round numbers, 2,000
board feet ('fable A, column 1). The total stand is 1,000 by 2,000 =2,000,000 board
feet. The same yield can be obtained in 32 years (Table A, column 9).
If the diameter limit is 12 inches, the average stancl per acre is 1,500 board feet.
(See above.) The total stand is 1,000 by 1,500 = 1,500,000 boarcl feet. The same
cut can be obtained in 21 years (Table B, column 10).
If the diameter limit is 14 inches, the average stand per acre is 1,140, or in round
numbers, 1,150 board feet (Table C, column 3). The total stand is 1,000 by 1,150=
1,150,000 board feet. The same cut can be obtainecl in 16 years (Table C, column 8).
If 10 inches is the limit, the tract will yield at present 2,000,000, and in 32 years
the same amount again, or together, at that time, 4,000,000 feet. If 12 inches is the
limit, 1,500,000 board feet can be obtained now, and in 32 years there can be cut
2,664 feet per acre (Table B, column 9) plus 2 years' growth. The latter is equiva
lenL to 2,664 (column 9) minus 1,376 (column 7), divided by 5, or 248. The yield in
32 years is then 2,66,1 24.8 = 2,912 board feet per acre, or on the whole tract, includ
ing the lirst cut, 4,412,000 board feet. If 14 inches is the limit, 1,150,000 board feet
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can be cut now, and the same amount every 16 years. In 32 years a total yield of
3,450,000_board feet can be obtained.
It will therefore be most profitable to cut to 12 inches.
EXAMPLE NO. 3.

A man owns 20,000 acres of Spruce land, from which he has cut G,OOO board feet
per acre 12 inches and over in diameter. How much can he obtain in 20 years if at
that time he cuts to 10 inches f
See Table B, column 3, for the amount nearest 6,000 board feet. It is found in the
seventh line. In 20 years there will be about 3,034 feet per acre, cutting clown to
12 inches (Table B, column 7). If 10 inches had been made the limit at the original
cut, there could have been obtained 7,000 instead of6,000 board feet per acre (Table
B, columns 1 and 3, seventh line). The stand of the trees 10 and 11 inches in
diameter should, under careful treatment, remain constant, or 1,000 board feet, which
amount should be added to 3,034, making 4,034, or, in ronnel numbers, 4,000 feet.
EXAMPLE NO. 4.

A man owns 10,000 acres of Spruce land, from which he obtained 1,000 boanl feet
per acre, 10 inches and over in diameter, 10 years ago. How soon can he cut the
same amountf
See Table A, column 1. In this tabl9 27 years is given as the time in which 1,000
feet can be obtainecl at the second Cl.lt. The land having been lumbered10 years
ago, it will require 17 years more for the required amount to grow.
EXAMPLE NO. 5.

A man cut his Spruce land20 years ago, getting 1,760 board feet per acre 12 inches
and over in diameter. How much can he get now, cutting to 12 inchesf
See Table B, column 3, for the amount nearest 1,760. It is found in the second
line. The same amount can be taken out in 21 years after the first cut (Table B,
column 10). At the present time, therefore, the owner can obtain nearly the amount
of his original cut.
EXAMPLE NO. 6.

A man cuts his Spruce land, which yields 3,160 board feet per acre of trees 10 inches
and over in diameter, and wishes to lumber a second time in 20 years. How much
can h e obtain f Answer. Forty-one per cent of the original cut (Table A, column 5),
or 1,296 board feet.

IMPORTANT TREES IN MIXTURE.
WHITE PINE.

In the greater part of the Adirondacks the conditions are not favorable
for the best developm ent of the White Pine. Individual trees obtain
a great size, but the timber is scattered and forms only a small pro
portion of the entire forest. Moreover, the majority of old trees are
unsound and it is usually necessary to discard the first log. The average
diameter is about 22 inches, and the height 100 to 120 feet. The largest
specimen seen was cut near the shore of Round Pond, township 23.
(Pl. XII, figs. 1 and 2.) It measured 55 inches inside the bark on the
stump and had a total height of 153 feet. It yielded eight logs aud
scaled 25 standards.
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BIRCH.
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Most of the White Pine is very old, but occasional young trees are
found on the edges of lakes and streams, and in clearings after wind
fall and fire. On Forked Lake there is a large amount of compara
tively young Pine in excellent condition. Another similar tract was
seen between Salmon and Little Salmon lakes where there had evi
dently been a severe windfall, or possibly a fire, and the Pine bad come
up plentifully. These trees have an estimated age of 150 years and
are tall, clear boled, sound, and thrifty.
White Pine is not fastidious regarding soil and situation, for it is
found on thin, stony soil, on the brows of steep slopes, on the moist,
meager soil of many Spruce flats, and on the sandy shores of lakes.
(Pl. VII, fig. 1.) The controlling factors governing its local distribu
tion are a fair degree of li gbt and a favorable seed bed. Compared
to most other trees in the Adirondacks, White Pine is intolerant of
shade. For this reason it is usually found where openings have been
made by wind or fire. The seed germinates best in moss, in thin duff
composed of 11eedles, or in bare mineral soil. Where there is a heavy
matting of hardwood leaves it reproduces itself poorly. The seed is
able to germinate in fairly dense shade, but the young plant requires a
considerable amount of light for further development. As a rule,
plants which have sprung up in the shade live only about 10 to 15 years,
developing a spindling, crooked stem. Where old Pines occur it is com
mon to find these young plants 3 to 5 feet high, dead or dying from
lack of light.
White Pine comes up most abundantly after fire or windfall. The
history of burned t, ,ts near swamps or lakes is usually as follows:
Immediately after the fire White Bircll, Poplar, and Bird Cherry occupy
the ground. The Spruce and Pine begin to return witllin a few years,
and are able to live under the other trees, whose shade is not feavy.
White Birch, Poplar, and Bird Cherry are all short-lived trees, and
eventually die, leavin g the Pine and Spruce in possession of the ground.
White Pine grows more rapidly than Spruce and forms an upper story
over it. It does not cast a heavy shade, when not growing pure in
dense masses, and the growth of the Spruce is little hindered.
It is a general law that wherever Pine occurs the reproduction of
Spruce is good. Even where there are single Pines numbers of young
Spruce can usually be found. This fact is of practical value, for where
old Pines are cut a considerable opening- is inevitably made in tlle
forest. The presence of the small Spruce, however, is a saving factor,
for there are usually enough trees to insure good reproduction.
BIRCH.

Yellow Birch is the characteristic hardwood tree in Nebasane Park
and the Whitney Preserve. With au average diameter of 15 inches
when mature, in some cases it reaches a diameter of 4 feet and a height
of 90 to 100 feet. When growing at its best in dense forest it forms a
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long, clear, full trunk and a narrow crown. It inhabits a great variety
of soils and situations, but attains its best development on bard wood
flats. Although it occurs on low, marshy ground, Birch avoids wet
swamps, where it is short, scrubby, and unsound. It has a shallow
root system, well adapted to meager, stony soil, and it frequent ly
appears on bare rocks, spreading its roots over the edge into the soil
below. Seedlings often come up on logs and stumps, so that when
the latter rot away the tree is supported only by its prop-like roots. In
general, the Birch is more abundant on southerly than on northerly
slopes.
Yellow Birch is decidedly tolerant of shade, but not to the same
degree as Hard Maple, Beech, and Spruce. Under dense hardwoods
its seedlings are less abundant than those of Beech or Maple. In open
ings it springs up abundantly, with a marked tendency to associate in
groups. Birch reproduces itself prolifically. The seed germinates
better on moss-covered soil than where there is a thick layer of leaf
litter. It is frequently abundant in windfalls. Thus, on Spruce flats,
after windfalls, Birch and Soft Maple often form the second growth.
It is common on Spruce slopes.
The average rate of growth was found to be, for the 78 trees meas
ured, 1 inch in diameter in 20 years. Young trees are plentiful, and,
as in the case of Spruce, there is a regular gradation in number of trees
from the small to the large diameters.
BEECH.

The Beech reaches a diameter of nearly 3 feet, and in dense stands
produces a long, clear, smooth trunk and a narrow, compact crown.
In its choice of soil and situation it is moderately fastidious. It
re&ches its best development on moderate northeastern slopes, where it
often occurs in nearly pure patches. On high land it is abundant, and
it is found also on Spruce flats, and even in some marshy situatious.
It is extremely unsound on low ground, and indeed throughout the
-forest the proportion of unsound Beech is large.
It reproduces itself abundantly. Young trees spring up in dense
thickets where the hardwood forest is thinned, and are capable of liv
iug under heavy shade.
Compared to other hardwoods, the growth in diameter is fairly rapid.
The average current rate of growth for 16 trees, with au average
diameter of 13 inches, was 1 inch in 13 years.
HARD MAPLE.

Hard Maple reaches a height of 90 to 100 feet and a diameter of
nearly 3 feet. Of Hard Maples over 10 inches in diameter there are
about 6 sound trees per acre, with an average diameter of 14 inches.
In favorable situations these trees form long, clear trunks and narrow,
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compact crowns. They grow on high ground in fresh and rather deep
soil, but not in swamps, and are most abundant on northerly slopes
and high flats.
Hard Maple reproduces itself prolifically, and is tolerant of heavy
shade both iE youth and in later life. When the hardwood forest is
thinned dense thickets of Hard Maple come up, often to the exclusion
of all other species.
'rhe growth in diameter under the present conditions is slow.
Measurements were taken of 16 trees which averaged 15 inches in
diameter, and the average current rate of growth was found to be 1
inch in diameter in 16 years.
HEMLOCK.

The Hemlock is found in all parts of the two preserves, but reaches
its best development 011 the borders of streams and on the low flats
above the swamps. In such situations it is usually more sound than
when growi11g on high slopes and ridges, although in general its timber
is of inferior quality and suffers severely from wind shake. On the
1,046 acres measured in Nehasane Park, there were 4 Hemlock trees
over 10 iliChes in diameter per acre, with an average diameter of 17.5
inches.
Hemlock is very tolerant of shade both in youth and in later life,
but in the Adirondacks it is inferior in this respect, as it is in repro
ductive capacity and quality of timber, to that found in Pennsylvania.
The reproduction is poor, and the tree grows very slowly both in
diameter and height. The current rate of growth in diameter of 141
trees, averaging 16.6 inches in diameter, was found to average 1 inch
in 25 years.
BALSAM.

Balsam is for the most part a small tree in the Adirondacks. One
specimen 2 feet in diameter was measured, but the average of trees
over 10 inches in diameter is between 11 and 12 inches. A very large
proportion of the whole stan<l is under 10 inches. Balsam is most
plentiful iu swamps, although the largest specimens are found on the
knolls above them. On wet soil it is frequently almost pure, but in
such cases the trees are small.
It reproduces itself well, and the young growth bears a considerable
amount of shade. The rate of growth was determined, for 63 trees
averaging 10.5 inches in diameter, to be 1 inch in diameter in 13 years.
SOFT MAPLE.

1'he Soft Maple reaches a diameter of nearly 2 feet, and, when grow
ing at its best, has a fair clear length. A very large proportion of the
trees are unsound. In the Adirondacks Soft Maple is most abundant
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in low, moi~t situations, but it avoids acid soil. It is found, however,
on high ground, and the largest specimens observed were on hardwood
land.
It reproduces itself well as a rule, and in some places, notably on
Spruce flats, young growth is very abundant after windfalls.
The rate of growth in diameter, for 21 trees averaging 11 inches in
diameter, was 1 inch in 17 years.
ENEMIES OF THE FOREST.
WIND.

The damage done by wind in the Adirondacks is very great. Where
ever a secoud-growth forest of pure Spruce, Soft Maple, or Birch is
found a careful examination reveals tmces of windfall or fire. The
Spruce is especially subject to windfall on account of its shallow root
system and its long, slender stem, which give a strong leverage to
the wind. The prevailing wiud is from the southwest, and the slopes
facing this direction are most exposed to heavy storms. These slopes
are, as a rule, steep, and the soil is thin and stony; and the Spruce
which grows upon them is in consequence unable to obtain a firm foot
hold. It is here that the most frequent windfalls are found, and the
Spruce is often comparatively young, because the trees are blown down
before they reach maturity~ (See Pl. III.)
The danger from windfall is considerable, also, on Spruce :flats and
swamps where the ground is moist and the soil thin. On rolling flats
it is common to find extensive areas where the conifers have been blown
down and their place has been taken by Soft Maple and Birch. Fre
quently, however, the entire tract is swept clear, and either pure Spruce
or a mixture of conifers and hardwoods follow as the second growth.
The soil in these sections is usually meager and often underlaid with an
impermeable subsoil. On the knolls and ridges rising out of swamps
the trees are chiefly coniferous and are frequently blown over by the
storms. On the hardwood lands, on the other hand, where the soil is
comparatively deep and there is a large admixture of hardwoods, the
danger is small.
Hemlock is about as easily over turned by storms as Spruce, but it
usually occurs in mixture, and is therefore protected by other species.
White Pine is comparatively wind firm. The tall shafts tower many
feet above the rest of the forest and are exposed to winds from all
directions, but they are uprooted only by the heaviest storms. Of the
hardwoods, Birch is most easily overturned.
The wind injures the forest not only by uprooting trees but by actu
ally breaking or splitting the stems. Hollow Spruces are frequently
snapped off at the butt and trees weakened with cancer or other dis
eases are often broken at the affected spot. Balsam is very susceptible
to breakage by the wind on account of its brittle wood. Rotten trees

Bu lletin No. 26, Div. of Fo restry, U. S. Dept. of Aflr.

A B ALSAM T OP B ROKEN O FF BY T HE W IND AND L ODGED IN AN E LM .

PL ATE

XIII .

SANTA C LARA,

N. Y .

FIR~.

55

are readily snapped off at the butt, and often sound trees are broken
down. Balsam tops heavily loaded with cones are unable to withstand
heavy winds. A marked example of this is shown in Pl. XIII.
Constant racking of trees by the wind sometimes causes large seams
which run through the entire stem. (See Pl. XIV, fig. 2.) It is not
uncommon for such seamy trees to become twisted and broken down
by strong winds. Shakes or large cracks, following the grain of the
wood, are often caused at the base of large trees, especially of Pine
and Hemlock.
FIRE.

Recent fires have done but little damage on the two tracts considered
in this report. In fact there ~xe but two conspicuous instances of fire
burning over more than an acreortwowithin the last decade, and these
were confined to a very limited area. Formerly the land was less care
fully guarded and fire was frequently started by campers. The effects
of old fires are found in abundance on sandy points on the lakes, and
there are a number of steep mountains which were burned over fully 20
years ago and are now becoming restocked with timber. There are
three such high ridges in the Whitney Preserve and one in Nehasane
Park, on which the timber was entirely destroyed by old fires and on
which the tree growth is now beginning to return.
During the greater part of the year the forest is so damp that fire
will not run easily. When a fire once gains headway, however, it is
extremely difficult to extinguish it, because it burns in the deep vegeta
ble duft' and smoulders for weeks and even mouths, defying all eftorts
to put it out. The damage by such a fire is very great, and usually all
the timber is killed on the area burned over. Spruce and Balsam are
especially subject to injury from fire.
Where the timber is destroyed on the sandy shores of lakes the
return of the forest is very quick, for the surface cover is merely burned
off and the deep soil remains in a receptive condition for the seed. On
steep slopes, on the other hand, there is but little or no soil under the
vegetable cover, and when this is burned oft' there is practically noth
ing but bare rock left to receive the seed. In such places seedlings do
not return for many years. The reproduction after fire is slow also on
the rolling flats where the soil is extremely thin and is covered with
stones and bowlders. Pl. XIV, fig.l, illustrates the eft'ect of fire in such
a situation.
In certain sections of the Adirondacks the destruction of the forest
by fire has been very great. This is notably the case iu the northwest
ern portion of the mountains, where considerable areas, especially near
the railroad, have been burned over. After lumbering, the danger from
fire is always increased, on account of the large amount of inflammable
material left in the form of tops, culled logs, broken saplings, etc., and
. also because the leaves and other material on the ground become very
dry through the thinning of the forest and admission of the sunligbt
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and wind. This is especially true where a considerable amount of Pine
occurs, for in felling the heavy trees large openings are inevitably made
and the tops, saturated with pitch, are very inflammable.
INSECTS.

The Spruce forests of the Adirondacks have at difl'erent periods been
attacked by what is locally known as the Spruce blight, the cause of
which is now recognized to be a small bark beetle, Dendroctonus rufi
pennis Kirby. It appears that in certain sections of New York State
large numbers of Spruce died between 1840 and 1850 and that there
was a repetition of.the same trouble about 20 years later. Between
1875 and 1880 the forests were again attacked by borers, and during
the following 10 years a large amount of valuable timber was killed.
The borers seem to attack sound, thrifty trees as soon as they begin to
work in large numbers, but they do not, as a rule, attack trees under
about 10 inches in diameter. The death of the timber is caused by the .
nuffi'erous galleries made by the borers between the wood and bark,
which virtually girdle the trees. The forests of northern New Ramp
shire and Maine are said to be subject to the attacks of this insect at
the present time, and it would not be surprising if there were another
outbreak of the pest in the Adirondacks.
The Tamarack in the Adirondacks has suffered even more from the
attacks of im;ects than the Spruce. In fact, practically all the large
timber has either been killed or is dying from the work of the larvm of
a sawfly, Nematus erichsoni Hartig, which entirely defoliate the trees.
This pest made its appearance about 1882 and still continues its
destructive work. It is now difficult to find living specimens of Tama
rack over 10 inches in diameter, and a large number of the small trees
show some injurious effects from the worm. (See Pl. VII, fig. 2.)
WATER.

It is well known that the flooding of the shores of streams and lakes
during the season of vegetation destroys the timber. About bodies of
water where the surface level has been raised by dams built for logging
purpol\!eS there is usually a fringe of dead timber. Where, however, the
water is raised only in the early spring and let out immediately after
the logs have been driven, the damage is very small. When the water
is raised above its normal level by dams in the early winter there is fre
quently a certain amount of damage by the washing of the shores
during heavy winds. (Pl. XV, figs. 1 and 2.)
ICE.

While the injury caused hy the submerging of the roots during the
season of vegetation is well known, the damage resulting from high
water in winter has not been generally recognized. The reason for this
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is that in the majority of eases, where timber has been killed by flood
ing, the water was held up during a part or the whole of the summer
months and the exact proportion of the damage done during the winter
can not be determined. The writer bas been fortunate in finding a
single case where the water in a small pond was raised about 2 feet in
the autumn and lowered in May, and, as a result of the flooding, the
trees whose roots were submerged were killed.
Bum Pond, where the flooding occurred, is situated in township 36,
Hamilton County, N.Y. It is about a quarter of a mile long and about
100 yards wide, with comparatively 1ow shores snrrounded by Spruce,
second-growth Pine, Tamarack, Balsam, and a few Yellow Birch.
According to the statement of Mr. Ernest H. Johnson, of Little.Tupper
Lake, New York, who built the dam, all the trees, including the Tam
aracks, were alive before the water was raised. The next season the
foliage of the trees which had stood in the water became red, and all
died before winter. The following statement of Mr. Johnson will
show exactly when he built the dam, when the water was lowered, and
what injury was done to the timber according to his observation:
LITTLE TUPPER LAim,

Decernber 2, 1898.

In November, the fall of 1893, I built a small dam for Dr. A. L. Loomis on the
outlet of Bum Pond, in township 36, Hamilton County, N. Y., and raised the water
about 2 feet. Early in May the dam broke through and the water drained down
to its former level. The dam was not filled again that summer, but the trees that
had stood in the water and had been frozen in the i ce all died during the summer,
which was the result (I should say) of being frozen in and girdled by tbe ice, as the
bark, just at the high-water line, all peeled off.
ERNEST H. JOHNSON.

There can be no doubt that the trees were girdled by the ice. On
many of the small trees with thin bark the latter had been cut and had
peeled off ex!ljctly at the high-water line. The trees with thick bark
had been killed, but the bark had, in most cases, remained intact. It
would appear that the girdling was done by the action of the ice, frozen
about the trees, when the level of the water was changed. The strain
upon the trees must be very great when the water is raised, and the
weight of the ice must tend to force the bark from the tree when the
water falls. The full physiological explanation of the phenomenon
must, however, be left for further study.
The effect of winter flooding at Bum Pond is shown in Pl. XVI, figs,
1 and 2.

LOSSES THROUGH ORDINARY LUMBERING.
There is an increasing tendency among the lumbermen in the Adiron
dacks to avoid unnecessary waste in lumbering. Many companies are
doing excellent work in this regard, but with the majority there still
remains considerable room for improvement, especially where the lum
bering is done under the system of contracts and subcontracts. The
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temptation for a jobber to do careless work is very great. Unless care
fully watched he is apt to cut uunecessarily high stumps, to leave large
tops in order to avoid the trouble of trimming off the branches, to leave
trees lodged in hardwoods, and otherwise to fall below the standard of
good lumbering. (Pl. XVII, fig. 2.)
The principal loss arising from careless lumbering is occasioned by
(1) Needlessly high stumps.
(2) Large tops.
(3) Skidsleftin the woods.
(4) Valuable timber used ill leveling roads.
(5) Destruction of small growth in felling, skidding, and hauling.
LOSS BY CUTTING HIGH STUMPS.

.

-

When the trees are felled by chopping, the stumps are cut at the 
point at which the axe naturally falls when the chopper stands erect.
This is usually about 3 feet above the ground. The majority of trees,
however, are sawed down, and their stumps are somewhat lower, averag
ing about 30 inches in height. (Pl. XVII, fig. 1; Pl. XX, fig. 1.) The
sawyers protest against cutting low stumps, because it tires their backs
to stoop over, and iu order to avoid trouble with the men tlle foreman
usually allows them to do as they please in the matter. Experience by
careful lumbermen has proved that such high stumps are entirely need-·
less. In the following table the average height of stumps of trees 9, 10,
11, and 12 inches in diameter, cut in Nehasane in 1897, is compared to
that of trees cut in Franklin County by the Santa Clara Lumber Com
pany in 1896, where a special effort was made to cut stumps as low as
possible. No figures are given for trees over 12 inches through, because
the Santa Clara Lumber Company was lumbering ou cut-over land and
there were but few trees above this size
Avemge height of BtumpB rYut at Santa Clam, N. Y., in 1896, and at Nehasane, N. Y., in
1897.

Diameter
of trees.

Inches.
9

LJ

Average height of
stumps.
Santa
Clara.

IncheB.
17
1G
19

20

INehasane.
I

I

Inches.
26

_lj

In the Adirondacks the tiw l)er is scaled by measuring the logs at
the small end after they have been placed on the skidway. The meas
urements are always taken in even inches. Thus, a log 6.3 inches in

Bulletin No. 2t, D1v. of F ore:;try, U.S. De pt of Agr.

PLATE XV.

FIG. 1 . - W ASHING OF THE SHORE OF LITTLE TUPPE R LAKE BY HI GH W ATER , CAUSED
BY AN UNNE CESS ARILY H IG H D AM.

F IG . 2. - IN JURY TO THE SHORE OF LI TTLE T UPPER LAK E BY H IG H WATER.

LOSS BY CUTTING HIGH STUMPS.

59

diameter is called even 6, and 7.8 evenS, ete. If a, lower stump is cut
the top of each log is lower on the tree and is therefore larger in diam
eter. Where the measurement of a log is near the dividing line between
two whole inches this increase would in many cases be sufficient to
make it scale 1 inch larger than it would where a high stump is cut.
Thus, a log measuring 6.4 inches in diameter would probably scale 0.3
inch more if the stump were cut a foot lower, in which case the scalers
would call it a 7-inch instead of a 6-inch log.
In order to compute the loss occasioned by cutting high stumps, the
following method was used: Two hundred and eighty-three trees,
which were measured in Nehasane Park in 1897, were scaled in stand
ards. The taper of each log in each tree was computed, and it was
determined what the diameter at the top of each would have been if the
stump had been cut 18 inches above the ground.
It was found that out of these 283 trees 78 would have actually
scaled more in standards if low stumps had ·been cut. Computation
was made of the percentage of increase in each tree affected and of the
ratio of trees of each diameter, showing an increase to the entire num
ber measured.
In the table on page 60 it will be seen that the trees of small diame
ter show the greatest percentage of increase in standards, and that
those of large diameter show the greatest percentage of individuals
ailected.
The total incr-ease for all the trees amounted to 5.4 standards. The
total yield of the trees was 258 standards. The percentage of increase
was therefore 2.1. The trees from which this computation was made
were all sound. In actual practice a number of the trees are found to
have some imperfection at the stump and a short piece has to be cut
ofi'. In generalizing from the above figures, therefore, an allowance
should be made for trees of this character. It is believed that a reduc
tion of 5 per cent is ample. The figure 2.1 per cent should be, there
fore, 2 per cent.
These figures mean that for every 100,000 standards removed 2,000
are wasted by cutting high stumps. If a tract of 100,000 acres yields
on an average 15 standards·per acre, there would be a loss in cutting
high stumps of 30,000 standards. At a stumpage value of 40 ceuts per
standard, this represents an actual loss of $12,000.
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Nurnbm· and pe'rcentage of tr·ees, show,ing increasecl scale by Clttting low stwmps and per.
centage of increase in standar·cls of those trees.
Trees showin~t
increased scale on Iucrease in
account of low
standarus.
stumps.

I

Diameter,
Trees
breast high. measured.
Inches.
9
10
11
12
13
14
15
16
17
18
19
20

Num.ber. Per cent.

Number.
17
37
46
2/
28

2
1
9
7
10
11

39
16
11
12
17
10

21
22
23

3
5
5

1 Thb."

--28:

3
9
6

7:

16
12
11
9
7
5
7
6
6

50

3
1
2
4

-

16

3
20
25

35
28
12
50
25

2
6

5

Per cent.

1~

---- ..

60

7

60
30
40
80

,j

5

7
g

~~ ---~-~--1
.. ___

LOSS BY LEAVING LARGE TOPS IN THE WOODS.

Where lumbering is done under contract it has been the usual cus·
tom in the Adirondacks to cut only logs which will scale 6 inches at
the top end. Where timber is cut for pulp, smaller logs can be used,
and many companies which operate their own camps compel the chop
pers to cut logs as small as 5 and often 4 inches. In the vicinity of
Nehasane Park it has been the custom to cut no logs under 6 inches
in diameter, but in actual practice the average size of the top log is
nearer 8 inches. There arc thus, in the majority of cases, 4 to 12 feet
of wood left in most tops, which is tit for pulp and which is actually
so used by many companies. (Pl. XVIII, fig. 1.)
The point will at once be raised that the tops are knotty and the
wood of an inferior quality. The reply is that many companies use
this material, and that tbe total amount is so great that it would pay
to utilize it, even if it were po::;sible to ~:>ell it for only one-fourth the
price of the rest of the timber.
·
The 283 trees already mentioned as having been scaled in Nehasaue
Park were used as the basis of tbe computation of the amount wasted
in this way. From measurements taken in the top it was possible to
determine how many 4-foot billets over 5 inches in diameter could be
cut from each. The exact cubic contents of these billets which could
have been cut was then determined. It was found that this material
amounted to 6.3 per cent of the total contents of the trees actually
used. Inasmuch as this portion of the tree is inferior to the rest of the
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wood it is fair to reckon that a stumpage price of only 10 cents per
standard could be obtained, as against 30 to 40 cents, the value of
average Spruce timber. If the total yield were 15 standards per acre,
an increase of 6.5 per cent would be 0.95 standard per acre. At 10
cents per standaru this would amount to 9.5 cents per acre, ot· on 1,000
acres to $95.
If this material were used there would be not only a substantial
profit but in order to get it out it would be necessary to lop so many
of the branches that no further trimming would be necessary as a pre
caution against the spread of fire.
LOSS IN BUILDING SKIDWA YS.

The majority of skid ways are built of Spruce. The tree has a long,
clean, straight stem, is quickly cut down, and easily bandied. More
over, the bark is rough and holds the logs from slipping. Hardwoods,
on the 'Other hand, are heavy to handle, require a longer time to cut
than Spruce, and even when straight are often covered with burls and
otlwr irregularities wlliclt make it difficult to roll logs over them.
Sometimes Hemlock and, in swamps, Balsam are used for the main
skids. The lumbermen object to Balsam, however, on the ground that
the average trees are not strong enough for the large skidways, aud
that the bark is too slippery to hold the logs.
It is desirable, when possible, to use other material than Spruce and
Pine for skids and all other lnmbering purposes, because the presence
of small specimens of these trees, which will grow to merchantable
size in a comparatively short time, tends to enhance the value of lum
bered land much more than the same amount of young growth of other
species. Smaller trees are merchantable in the case of Spruce than of
any other species, which fact, coupled with its rapid growth on cut-over
land, makes it possible to obtain repeated crops at shorter intervals.
As yet the small hardwoods have but little recognized importance in
the market for future growth, and the loss of the few trees which would
be cut for lumbering purposes would not be felt.
It should be said in this connection that the use of a certain amount
of Spruce for skids in the first cutting may not seriously affect the
forest to its injury, but if the hardwoods and Hemlocks are cut within
a few years a similar thinning of the Spruce for lumbering purposes
would impair the future value of the forest.
For the construction of each skid way at least three trees are neces
sary, but for those which hold 200 to 300 logs from four to six trees are
often used. Since a certain number of the skids are from hardwood
trees, Hemlock, and Balsam, it is estimated that not more than three
Spruce trees are cut for the average skidway. A careful study bas
shown that an average skid way holds the product of about 3 acres,
so that the use of Spruce for skids amounts to about 011e tree per
acre. It is estimated that these trees yield, on an average, one-fourth
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standard each, or on 1,000 acres, 250 standards. At 40 cents per
standard the stumpage value of the timber would amount to $100.
It is the custom at present to leave the skids in the woods (Pl. XIX,
figs. 1 and 2), in which case the owner loses not only the stumpage
value of the timber thus wasted, but also the advantage of future
increment which the trees would take on, if left standing. It is esti
mated from figures obtained in connection with the study of the
Spruce mentioned on page 40 that these trees would in 25 years
grow 4 inches in diameter. The trees yield at the present about one
fourth standard each, but, if left standing 25 years, would yield not
less than 0.6 standard each; 1,000 trees would then yield at the end of
25 years 600 standards. By cutting them now for lumbering purposes
and leaving them in the woods, the owner is losing not only the present
value of the trees, but also the increment, which in 25 years would
amount to 350 standards-the difference between the present yield, 250
standards, and 600 standards, the yield in 25 years.
LOSS IN BUILDING ROADS. .

There bas been a prevailing impression among lumbermen that the
foresters propose to lay out roads themselves. A good lumberman can
lay out his roads as well as a forester, and better in most cases,
because he has had more experience in the particular locality in ques.
tion. But all the contractors and foremen are not good lumbermen,
and the laying out of the roads varies considerably in different lumber
jobs. It is of advantage to the contractor to have his roads few and
short, because he has to pay the cost of cutting them and breaking them
out in winter. The owner benefits by having as few roads as possible,
because each one means so much cleared land and so much timber cut
down, which in the case of valuable hardwoods is wasted. Some con
tractors cut up the woods with many more roads than are necessary,
thereby shortening the distance fur skidding logs, but making necessary
a large number of small instead of a swan number of large skidways.
The larger the number of roads the greater the number of seed trees
which are cut down, and the larger the number of skidways the greater
the number of trees needed for skids. A considerable amount of small
timber· is always used to level the roads, build bridges, etc. (Pl. XVIII,
fig. 2). Spruce is the easiest timber to handle and is always attacked
for this purpose, except in swamps, where there is usually an abun
dauce of Balsam near at hand. As a result, the lumbermen cut many
seed trees and much young growing timber where crooked and unsound
hardwoods would answer the purpose equally well. It is impossible to
draw a sharp line and absolutely prevent the use of Spruce for roads,
for, occasionally, it is not practicable to use anything else. But in
most cases it is entirely feasible to use some other material. The
experiment of compelling the contractor to use hardwoods for leveling
roads has been tried with entire success in New Hampshire, where it
is much less plentiful than in the Adirondacks.
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The actual loss caused·by the use of Spruce in building roads can not
be estimated accurately, because the trees used are generally small, and
no market value can be placed upon many of them. But as a basis for
the future crops they have sufficient value to prohibit their removal
except where really necessary.
LOSS TO YQUNG GROWTH IN FELLING.

Reference has already been made to the large amount of young
Spruce throughout the forest. (PI. I.) This young growth is to form
the main ·part of the crops to be cut during the next 50 years, and it is
extremely desirable that as little be destroyed as possible. There is
usually more than one direction in which a tree can be thrown by means
of wedges, and it is perfectly possible to do the felling with very little
injury to the small growth without additional expense. Many sawyers
take pride in felling the trees without making a slash, and in such cases
but little youug growth is damaged. Fully 50 per cent of the sawyers,
however, cut the trees in a most careless manner and take no pains
whatever in regard to smashing young timber. The careless sawyers
should .be made to do as good work as those who are careful of their
own accord.
INJURY DONE IN SKIDDING.

As a rule, the logs cut upon about 3 acres are roBed ou one skidway.
It is thus necessary to drag the logs a considerable distance through the
woods. A large number of small trees are broken in this way, and
foresters who are not in full touch with the conditions of this country
often feel that a large amount of unnecessary damage is being done.
As a matter of fact, there is usually only one path by which it is prac
tical to" snake" a log from the stump to the skidway. Anyone who
observes a gutterman at work will see at once that he picks out the
path where there are the fewest obstructions, like fallen logs, stumps,
and brush. Everything in this path must be cleared, exactly as all
trees and brush must be cut away in building a lumber road; and the
loss of small trees caused by the trailing of logs must be considered
in exactly the same light as that caused by building roads. If a care
ful examination is made of the forest growth after skidding it will be
found that the total loss caused in this way is in the aggregate insig
nificant. The contractor should, however, be made to use every pre
caution to do no unnecessary damage to the young growth.
DESTRUCTION OF SMALL GROWTH IN BATTLING.

This takes place on steep roads, where the men frequently scatter
Spruce brush to check the speed of the sleds. It often happens that
all the young Spruce left standing by the choppers near such steep
roads are cut to supply the brush for this purpose, and the stems are

64

PRACTICAL FORESTRY IN THE ADIRONDACKS.

left lying on tbe ground to decay. (Pl. XX, fig 2.) Careful lumber
men use marsh hay or manure to stop the slerls on steep inclines, and
the slashing of small Spruce for this purpose is considered wasteful
and unnecessary.
SPECIAL WORKING PLAN FOR THE TWO TRACTS.
DIAMETER LIMIT FOR CUTTING SPRUCE.

Where a company is operating its own camps in the Adirondacks,
Spruce logs are usually cut for pulp as small as 5 inches in diameter at
the small end, and there are almost no sound trees left standing over 6
inches in diameter on the stump. On the other hand, where the logs
are cut under contract, it is usually customary to use only such as
will squa.re 6 inches, and the timber is cut to about 8 inches on the
stump. In the first case it is estimated that it will be fully 75 years
before a second crop equal to the first can be obtained, and if the
timber is cut to 8 inches, 50 years will be required. Under this system
of cutting a third crop would require even a longer period for growth
than the second, because most of the trees capable of bearing seed
would have been removed, and much of the ground which might have
come up to Spruce, had there been a sufficient number of trees to dis
tribute seed, would be covered with hardwoodR.
Whether it is best to restrict the cutting of Spruce in the Adirondacks
to 10, 12, or 14 inches in diameter depends upon a variety of circum
stances. In certain sections it may be best to leave the majority of
trees under 1..4 inches, in other sections only those under 10 inches, and
in some few localities everything ought to be removed on account of
the danger from windfall. In most places on the western side of the
Adirondacks it will be safe to cut the Spruce as low as 10 inches, pro
vided a sufficient number of the seed trees are left standing. There are,
on an average, 40 to 50 trees per acre between 5 and 10 inches in
diameter, of which about 50 per cent bear a certain amount of seed.
This number, supplemented by larger trees when necessary, is probably
sufficient to maintain the present proportion of Spruce in the forest for
succeeding generations. Much better results as regards reproduction
would, however, be obtained if all trees under 12 inches in diameter
were left standing, for then there would be a larger number of seed
trees. Moreover, those 10 and 11 inches in diameter bear more abnn·
dantly than the smaller ones. If 12 inches were made the minimum
limit of cutting, a second crop could be obtained in a shorter period and
the annual growth of merchantable timber would be greater than if the
trees were cut as small as 10 inches. From Table A, page 47, it will
be seen that a forest which has a yield of about 3,000 board feet per
acre will produce the same amount again 36 years after the first
cutting, if all trees 10 inches and over in diameter are left standing.
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If, on the other hand, 12 inches is made the minimum limit for cut
ting, the first cut will be 2,400 board feet, which amount can again be
obtained in 24 years. (See Table D, page 4~.) In the first case
the growth of merchantable timber is 83 board feet, in the second 104
board feet per acre per annum. The land will, therefore, produce more
timber in the loug run if the trees under 12 inches in diameter are left
standing than if only those under 10 inches remain. In the case of
Nehasane Park and the Whitney Preserve, however, the owners wish
to obtain the greatest possible immediate return without serious1y
impairing the productive power of the forest, and are williug to wait
a longer period for a second cut. It is recommended, therefore, that 10
inches be made the minimum limit for cutting Spruce. The prediction
of the future yield on the two tracts can be made by reference to the
yield tables on pages 47 and 48, as is shown in the following paragraphs:
PREDICTION OF FUTURE YIELD IN NEHASANE PARK.

On page 74 the exa0t amount of Spruce cut dtuing the season1898-09
is shown to be 13.15 standards per acre, or 2,630 board feet per acre, if
one standard log contains 200 board feet, as is usually estimated in the
Adirondacks. This yield is smaller than the estimate given for tile
average stand per acre over the whole park in "The Adirondack
;:;pruce." The small yield is explained by the fact that a larger propor
tion of swamp land occurs on the section cut over than elsewhere; that
a wide strip along the railroad bad been cut over for ties; that there is a
large windfall area on which no merchantable timber at all stood; that a
considerable number of trees were left for seed, because they contained
only oue log or were not readily accessible, and tllat tlle lumbermen
wasted a certain amount of Spruce iu building skidways. Iu the por
tion of the park lumbered during the past season 217 acres were sur.
veyed by tlle writer in 1807 and found to average 2,58± board feet per
acre, or slightly below the actual amount cut.
Iu view of tile fact that there is a large amount of promising young
Spruce on the windfall area, as well as on tile tract lumbered· for ties,
and that many patches of trees and individuals in swamps and inac
cessible places were left standing by the lumbermen, it is fair to base
the computation of future yield on a present stand of at least 3,000
board feet per acre.
Inasmuch as the timber is cut to a minimum limit of 10 inches, Table
A, page 47, should be used in the calculation of future crops. On areas
with au average stand of 3,000 board feet there can be cut in 10 years
11 per cent of the original stand, or 330 board feet; in 20 years, 41 per
per cent, or 1,230 board feet; in 30 years, 70 per cent, or 2,100 board
feet; and the or:igiual amount-namely, 3,000 board feet-caB he
obtained in 36 years.
4364-No. 26--5
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PREDICTION OF FUTURE YIELD IN THE WHITNEY PRESERVE.

The actual amount of timber cut during the past season was 14.6
standards per acre, or 2,920 board feet, considering 1 standard equiva
lent to 200 board feet (see page 76). This amount is so near 3,000
board feet that the computation of future yield in Nehasane Park, as
given above, may be used also for the Whitney Preserve, namely, that
the original cut can be obtained in 36 years, and that 330, 1,230, and
2,100 board feet per acre can be obtained in 10, 20, and 30 years,
respectively.
IMPORTANCE OF SAVING THE SMALL SPRUCE.

Tbere is throughout the forest a large amount of small Spruce not
yet of merchantable size, which, if left standing, will in a compara
tively short time be suitable for pulp and lumber. Until recently
this small material has not been recogmzed as having any particular
value and no attempt has been m:Hle to protect it. Many small trees
have, however, been left standing because they could not be sold or
because they were not needed for skids, road building, etc., and in
many instances lumbermen who have cut over their land a second time
have secured crops almost, if not quite, equal to that obtained at the
first cutting. As a result they are beginning to appreciate the impor
tance of sparing the small trees, in order that a second cut may be
obtained sooner than would otherwise be possible; and there is a general
tendency throughout the Adirondacks to limit the cutting of Spruce to
10 or 12 inches on the stump. llitllerto the prese11ce of a large amount
of young growth in the forest has not materially iutluenced the sale
value of laud in the Adirondacks, but it may be confidently expected
that there will be a demand for such laud by large paper companies,
just as is already the case in New IIampshire, where land stocked with
small trees has actually been sold for a high price in view of its future
value.
PREVIOUS ATTEMPTS AT CONSERVATIVE LUMBERING.

A number of efforts have been made in the Adirondacks to lumber
Spruce on conservative principles. The plan usually adopted is to
remove all trees measuring 10 inches and over on the stump. This
system is a long step in advance of cutting to 6 or 8 inches, but it has
two serious defects: First, the measurement of the trees is left entirely
to the choppers; second, no provision is made to leave seed trees in
places where there are not enough small Spruce capable of bearing
fruit to answer the purpose.
NEED OF MARKING THE TIMBER.

In the actual practice of the system described in the previous sec
tion the lumbermen cnt to less than 10 inches in diameter on the
stump. In fact, there is hardly an attempt to even estimate the

RULES FOR CUTTING SPRUCE.

67

diameter. The sawyers are instructed to cut all trees yielding two
14-foot logs which will scale not less than 6 inches at the top end,
inside the bark. The majority .of such trees are abo,-e I 0 inches in
diameter at the stump, but not all. Thus, out of about 300 trees
measured in Nehasane Parl.:, where the lumhrrmeu endeavored in 18!)7
to restrict the cutting to 10 inches, over 2 per cent were under 10
inches on the stump. In order to be certain that no trees are cut
under 10 inches in diameter, and to show the sawyers what trees
should be left standing for seeding purposes, it is necessary to mark
those which are to be cut.
NECESSITY OF LEAVING SEED TREES.

If the trees under 10 inches in diameter, capable of bearing seed,
were evenly distributed over the area, they would be entirely sufficient
to bring about the desired reproduction of Spruce in the openings made
in lumbering; but there are many places where seed trees under 10
inches are entirely absent, and where one or two Spruce above this
size ought to be left standing to insure an ample reproduction. (Pl. II,
fig.l.) These places are especially abundaut on hardwood land and
Spruce flats, where the reproduction of Spruce finds considerable diffi
culty in competition with other species. Here it is often necessary to
leave on an average 4 to 6 trees per acre over 10 inches in diameter for
seeding purposes. In swamps, on the other hand, the number of seed
trees required over 10 inches in diameter is not large. This is
explained by the fact that in the swamps the trees are of compara
tively even age and seed early in life, and in consequence there are a
large number of small trees capable of bearing fruit. On Spruce
slopes also the number of trees needed for seed is small, because
there are frequent groups of trees about 6 to 10 inches in diameter
which distribute a large amount of seed and because the conditions of
reproduction are so favorable to the Spruce that a considerable amount
of small seedlings growth is already to be found.
RULES FOR CUTTING SPRUCE.

The general principles governing the selection of timber for removal
are
(1) To remove all trees measuring 10 inches and over in diameter at
3 feet from the ground, except those needed for seed.
(2) To remove all trees under 10 inches in diameter which will proba
bly not live till the second cutting and which may be profitably cut now.
RULES FOR MARKING TIMBER.

The following rules should be observed in marking the timber:
(1) All tall trees 15 inches and over in diameter should be marked
for removal. On page 33 it is shown that the large trees are very old,
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those 15 inches in diameter averaging over 200 years. Although a large
number of these are growing rapidly and may live many years, they
have reached merchantable size and in many instances are beginning
to show signs of decline. This old t imber should be removed before
it decays, or is injured by insects, wind, or otherwise. A place is
seldom found where it would pay to leave a Spruce 15 inches in
diameter for seed, for either there are enough smaller trees at hand
to answer the purpose, or the conditions for reproduction are so
unfavorable that the result:; obtained by leaving a mature tree, worth
fully 30 cents on the stump, would not justify the investment. The
exception to the rule is where a short, scrubby tree, 15 inches or
over in diameter, which contains only a small amount of coarse timber,
would serve as a good seed tree.
(2) All very old trees which are under 15 inches in diameter, and
which may die before the end of the probable interval between the first
and second cuts, should be marked for removal. The old timber may be
easily distinguished from the young at a glance. The most obvious sign
is the diameter and height; but where trees arc about the same size,
other signs must be used. A tree which carries its diameter well up
into the crown is usually pretty old, while a tapering stem and slender
top are signs of youth. A young tree often has a low, conical crown,
with a long, slender head. Old trees, on the other hand, are charac
terized by thick, blunt crowns. The geueral age can often be detected
by the color of the bark. When the upper part of the stem is reddish
and has a comparatively smooth bark roughened by delicate scales,
the tree is young. When the bark in the crown is thick and has
heavy, gray scales, the tree is old.
(3) All trees which show signs of decay, but which are still mer
chantable, should be marked for removal. The most obvious sign of
decay in Spruce is the exudation of resin on the stem. The presence
of hardened gum on old branch wounds is not 11ecessarily a sign of
internal decay, but soft, white resin is a sure indication that the tree
is unsound, at least where the resin comes out. It fi·equently happens
that, while gum is found on the lower part of the tree, the upper por
tion of the stem is perfectly sound. Thus the lumbermen usually cut
a large tree, even if "gummy," with the hope of finding one or two
sound logs in the upper part of the stern. A small tree wl1ich shows
this sign is usually useless. The presence of "puuk knots" is a sure
test of unsoundness. These are found at points where branches have
been broken off, and usually manifest themselves by a slight bulge,
and if cut, are found to be rotten. Sometimes on old trees these punk
knots are diffictllt to distinguish. The disease is especially common
on Pines, and is known as "blind punk." An experienced woodsmau
can distinguish an unsound tree by striking it with an ax. A sound
tree has a peculiar ring, which to a trained ear readily distinguishes it
from the dull or hollow sound of a rotten trunk. The appearance of
t lte bark and foliage is often a test of the health of the tree. A
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healthy tree usually has scaly, rough bark; a dying tree, soft, smooth
barlr. If it is found to be dry and to peel with difficulty in the spring,
it is also a sig1t that the tree is dying. The foliage of a sickly tree is
frequently thin, straggling, and dark colored. If the top is dry or
there are dead branches covered with moss within the crown, the tree
is apt to be unsound. A tree with a large seam is not necessarily
unsound. The seam unfits it for lumber, but not for pulp.
(4) All merchantable trees which are likely to be blown down should
be marked for removal.
(5) All merchantable trees which have been partially girdled by
porcupines or rubbing of other trees should be marked for removal.
There are considerable numbers of such trees which are perfectly
sound, but which have been partially girdled in the crown and will
decay or actually die during a period of 25 or 30 years.
RULE S FOR SELECTING SEED TREES.

Seed trees are left for two purposes: First, to supply a basis for
future growth; second, to seed the ground to Spruce. The first of
these objects is accomplished by leaving all trees under 10 inches in
diameter. The second is secured partly by the trees nuder 10 inches
in diameter and partly lJy larger specimens left especially for that pur
pose. The choice of the latter requires great care and judgment.
(1) The smallest tree available for the purpose should be selected.
(2) When possible, only trees with less than three 14-foot logs should
be selected.
(3) Those with the quickest taper-that is, the youngest trees
should alwaY.S be chosen. It bas been shown on page 68.that a quick
taper is usually a sign of youth 'and vigor.
(4) Only such trees as have their crowns exposed to light from
above should be chosen, for light is necessary for the production of
seed, and the seed trees must be capable of bearing fruit at once or
within a short period.
(5) Only sound, vigorous specimens should be selected.
(6) Unsound trees which can not be utilized should always be left
standing. If felled, as is required by many lumbermen, the trees are
left in the woods, making food for fire. If left standing, they dis
tribute a certain amount of seed.
(7) .All trees whose branches are locked in valuable hardwoods and
which can not be removed without cutting the latter should be left
Rtanding. The hardwoods will probably be marketable in a few years
a11d the Spruce can be taken out at that time.
(1-i) Where an opening is to be made in lumbering one or more seed
trees should be located on the side toward the prevailing wind, so
that the seed will be blown over the ground.
(9) On a slope the seed trees should be located above rather than
below a large ope11iug.
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(10) A tree should never be left for seed which will be struck or
injured by the felling of others. In almost every case a good seed tree
can be found which is protected from the lumbering by some hardwood
or Hemlock.
(11) A seed tree should not be located where the ground is already
well seeded with Spruce or other species, or where there are otller
trees which will answer the purpose equally well.
RULES POR 1'HE LUMBERMEN.

(1) No trees should be cut which are not marked, unless a satisfac·
tory reason can be given for so doing.
(2) All marked trees shuuld be cut, unless a satisfactory reason can
be given for not doing EO.
(3) No Spruce should be used in building bridges, corduroy, skids, or
for any other lumbering purposes, unless it is impracticable to use
other material.
The above rules were adopted for the first year's lumbering. In the
plan for the -second year's work they were amplified, and are given iu
full on pages 76 and 77.
PLAN FOR CUTTING WHITE PINE AND OTHER SPECIES.

Practically all of the merchantable Pine on the two tracts has reached
maturity and a very large amount of it is affected with decay and wind
sbake. It should, therefore, be removed as rapidly as possible, a11d
there should be no restrictions in regard tc the size of timber to be cut.
There should also be rio restrictions in cutting the merchantable Cherry
and Balsam, as they are very scattered and their removal will not
injure the forest. The present condition of the market makes it unwise
to cut Hemlock and the hardwoods during the present season.
THE FIRST YEAR'S WORK.
NEHASANE PARK.

The working plan just described was put into execution in 1898 on
the two tracts under consideration. In Nehasane Park the stumpa~e
of the Spruce, Pine, and a small amount of Balsam and Cherry was
sold to the contracting parties who carried on the lumbering. Four
camps were operated, two by the contractor and two by subcon
tractors. The total amount of timber cut is given on page 74.
In accordance with an arrangement with the owner of the park, as
described in the introduction, the Division of Forestry superintended
the work of marking the timber which was to be cut, and inspected
the land from time to time to see that the lumbering was done satis
factorily. The results of the first year's work are here discussed.
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Tile work of marking 'timber in Nehasane Park was begun Aug·ust 6,
1898, and was completed during the first week in November. During
most of thts time three men were employed to mark the trees, but tlte
force was increased to four during part of the time. The writer super
intended the marking, and at first designated all trees which were to
be marked until the assistants were thoroughly familiar with the sys
tem of selecting the trees and were able to work independently.
The method of marking trees which was finally adopted was to blaze
the butt of every Spruce below the stump with a special ma::-king
hatchet and to stamp the spot with the hatchet head, on which tbe
initials" U. S." were cut. The choppers were instructed not to fell any
trees which were not marked. The blazes on tbe stump made it pos
sible to determine afterwards whether their instructions were carried
out. On one lumber job the following metbod of marking was tried at
first: The trees selected for seed, over 10 inches in diameter, were
marked with one blaze, and tbose selected to be removed were marked
with two blazes. The choppers were instructed to cut 110 trees as large
as 10 inches in diameter on the stump except those marked with two
blazes, and to cut no trees over 10 inches except tbose marked with
one blaze. This method was very rapid and inexpensive, and was
tried on a small area to test its practicability. The choppers were,
however, utterly unable to determine the size of the trees, and merely
cut every individual which would make two logs over 6 inches in cliam
eter. Another experiment was tried at Forked Lake, in the ·whitney
Preserve, of marking only the trees between 10 and 14 inches. The
sawyers were then instructed to cut all very large trees, but no small
ones unless marked. Tilis proved a failure, because it took just as long
to mark the timber in this way as to blaze every tree, on account of tl1e
greatl'r difficulty under the former method in keeping track of tLose
which Lad been marked. It was proved conclusively that the only
satisfactory method was to mark every tree which was to be cut.
The most rapid work can be done by a crew of three men. They
move through the woods abreast, keeping about 50 feet apart and
marking every tree between them, each watching the man at his side
to see that no trees are missed. The inside man follows the previous
line of marks and the others are guided by him. The outside man spots
a hardwood tree occasionally where the Spruce are not abundant
euough to have the marks serve as a line. On an average a crew of
three men can mark about 40 to 60 acres per day.
The area lumbered over was rletermined by the surveyors to be 4,331
acres. The timber on this entire area was marked and as nearly as
could be determined on about 200 acres in addition which were not
cut over.
The total cost of marking, covering the board and pay of the men
and the expenses of the writer, was $5!3.79, which for the 4,500 acres
amounted to about 12 cents per acre.
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Upon the entire tract of 4,500 acres on which the timber was marked
there were left 9,635 trees 10 inches and oYer in diameter, or slightly
over 2 trees per acre. It is estimated that these trees averaged about
one-fourth of one standard each. There were thns designated to be left
on the whole lumbered area 2,409 standards for the purpose of seed.
Of trees under 10 inches in diameter 351 were marked to be cut.
WORK OF THE CONTRACTORS.

When the work was first begun considerable difficulty was found in
teaching the sawyers to cut only such trees as were marked. They
had been so accustomed to remove every tree of merchantable size and
character that it was some time before they could be brought to do
satisfMtory work. It was deemed best by the manager ot' Nehasane
Park and the writer not to impose a penalty on the contractors the
first year for occasional mistakes made by the sawyers. A consider
able number of such mistakes were made by the sawyers, but in view
of the fact that the work was new to the lumbermen and that no pen
alties were inflicted the results were very satisfactory, so far as the cut
ting of timber for logR was concerned. The cutting of Spruce for skids
and for leveling roads, on the other band, was more difficult to regulate,
and in many places trees which had been left for seed were used for skids,
and small growth was used for bridges, road bedding, etc. (Pl. XIX.)
This possible loss was, however, taken into consideration in the
marking, and there were left in nearly every case other seed trees which
may distribute seed over the opening made in lumbering. Much more
Spruce was cut in this way than was necessary, and it is recommended
in the plan for the second year that a system be adopted to prevent
the cutting of trees that are not marked and using small Spruce for
lumbering purposes when it can lJe avoided.
The best work was clone on the two jobs operated by the contractor.
The lumber jobs which were sublet were less satisfactory. There was
less disposition to carry out the orders regarding the marking, and the
lmnlJering itself was less intelligently carried on. The trees were care
lessly felled in many cases, destroying much more young growth than
was necessary; the skidding was less carefully done, and the roads
were not laid out with the care and skill which ought to characterize
all lumbering to-day. On all the jobs the stumps were cut unnecessa
rily high, a considerable number of trees were left lodged in hardwoods,
and a very large number of Spruce skids were left in the woods which
might have been utilized for pulp. The needless waste of small Spruce
in leveling roads was particularly to be regretted. In the majority of
cases there is plenty of Balsam, Hemlock, or hardwood which would
answer the purpose equally well, and the use of small Spruce for this
purpose is entirely unjustifiable. In a number of instances a consider
able amount of small Spruce was cut by the teamsters in order to
obtain brush to check the sleds on steep slopes. Such work is entirely
unuecessary.
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In spite of the unsatisfactory work of the contractor in the respects
discussed, the forest is in good condition from the forester's point of
view. Back from the main lumber roads this is especially true, and
the object of forest management has been accomplished, for a large
amount of small Spruce bas been left to grow to large timber, and
there are a sufficient number of seed trees well distributed over the
area. By the system of inspection recommended in this report the
excellent condition of the forest back from tlle roads should be repre
sented tbrou~hout the entire area lumbered during the second year's
work.
LOPPING OF TOPS.

In Nehasane Park the choppers were ouliged in every case to lop
the branches of the Spruce. The ouject was partly to lessen the
danger from :fire, and partly to facilitate hunting. Spruce tops absorb
moisture very quickly if near the ground. If they are cut from the
trees and strewn auout the ground they decay in a short time and the
danger from fire is much reduced, but if they an~ left propped above
the ground uy the branches they become exceedingly dry and increase
the danger from :fire. The owner wished to have the forest left in such a
condition that in passing along the lumber roads and trails a hunter
could have an unobstructed view through the woods. In these places,
therefore, all the branches were cut, so that the stems came in con
tact with the ground. Within the forest, away from the trails, only
the uppermost branches were cut. It was believed that this latter
measure would be sufficient to prevent the danger from fire, but expe
rience has led the writer to the conviction that the precaution can do
but little good unless the branches are cut on all sides of the tree.
Lopping the top branches costs 1~ cents per standard, and it is probable
that the careful trimming of the branches all about the tree would cost
fully 3 cents. There is a tendency on the part of the choppers to leave
tbe work carelessly done, but 3 cents per standard should fully com·
pensate for thorough work, and contractors ought to be beld responsi·
ble if the trees are not satisfactorily lopped.
Where land yields on an average about 15 standards per acre thor
ough lopping would amount to 45 cents per acre. While there can be
no doubt that lopping the tops materially lessens the danger from fire,
the results obtained are not sufficient to justify tbe investment of this
amount, especially when the land is carefully watched, as at Nehasaue
Park. The writer has therefore recommended for the second year
that the branches be not lopped except for sporting purposes.
EFFECT OF LUMBERING ON REPRODUCTION.

Reference has been made to the unusual amount of seed produced in
the' fall of 1898. The effect of this, coupled with the judicious lumber
ing, has already become evicleut at the writing of this report. Sroall
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seedlings from last year's fruit are coming up in abundance in places
where the conditions are favorable for germination. The seedlings are
starting chiefly in the gutter roads, but tlw writer found many also
coming up on mossy ground. On the heavy leaf litter no seedlings
were found at all.
A:l\IOUN'l' OF

'l'Il\'IBEl~

RE:i.VIOVED .

The following table shows the munl.ler of logs cut on Nebasane Park
during the season 1898-99:
Spruce.

Piu c.

Cherry.

Balsam.

I

Operators.

Number
Number
Number
Number
of
Standatds.
or
Standards.
of
Standards.
or
Standards.
pieces.
pieces.
pieces.
pieces.
-- --

Contractors .... 72,388
Subcontractors 110,008

23,340.17
33, 598. 68

3, 283
6.133

2, 319. 70
5, 69:l. FO

-- ----- · ----···-····
621

148.49

·· · · ·r ··········t
3

5.4

--s:<il3.

Total...... 182, 396
56, 938. 85 9,416
50 -621 ·--148. 49 --3~--5.""4~.
Per acre on === ====== =::=~=====
4,331acres. ..

42.1

13.15

2.2

1.9 1....................

• • • •• ••

••••••••••••
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THE WHITNEY PRESERVE.

The plan of cutting adopted in the Whitney Preserve and in Nella
sane Park were identical, but it was not possible to carry on the work of
forestry as successfully during the first year on the former as on tlle
latter. In order to 1.mderstand the reasons for tllis it is necessary to
know the circumstances under which the work was undertaken.
The lumber operations are carried on by P. Moynehan & Co., the part
ners of which company are Hon. W. C. Whitney, the owner of the land,
and Mr. P. l\ioynehan, who has a certain interest in the softwood tim
ber. According to the contract existing between the partuet's, Mr.
l\Ioynehan superintends the lumbering, receiving a share of the profits
from the sale of the timber, and Mr. Whitney owns the land after the
removal of the softwood trees. The first plan was to cut all Spruce
measuring 8 inches or. over in diameter at 3 feet from the ground. A
clause, however, was iuserted in the contract to the effect that Mr.
Whitney could reserve all trees under 10 inches in diameter, but that
Mr. Moyneban ::;hould be reimbursed at the rate of $1 per acre. As a
result of a conference between Mr. Whitney and the Forester of the
Departmeut of Agriculture, it was decided to adopt the system of cut
ting used in Nehasane Park, namely, to remove all trees 10 inches aud
over in diameter, except those needed for seediug purposes, and to mark
all trees which were to be cut. When this decision was reached the
contracts had already been let for the season to lumber the Spruce to an
8-inch diameter limit. Four camps were in operation o.u and near Hound
Pond, one at the foot of Little Tupper Lake, two on Slim Pond, one
near Mud Lake, aud two on Forked Lake. The contract bad been let
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for an additional camp on Forked Lake, but actual work was not begun
until November. All of the contractors readily agreed to cut only the
trees 10 inches and over in diameter instead of everything down to 8
inches, and to cut only trees which were marked. They were, however,
unwilling to agree not to use Spruce-fOr lumbering purposes, or other
wise to change the system of lumbering already used, except in the
matter of cutting only marked trees for logs. The points in which the
work of forestry was not successful are discussed under "The work of
the contractors."
In accordance with the new plan of cutting the writer began marking
timber on October 15, and within 10 days brought the work to such a
stage that tlle lumbermen were cutting marked trees on all of the ten
jobs in operation at the time. From six to eight woodsmen were em
ployed to mark the timber.
The method of marking was the same as that described on page 71.
AREA CUT OVER AND THE EXTRA COS'l' OF FORESTRY ABOVE ORDI
NARY LUMBERING. "

The area lumbered over was 5,452 acre~:~. As near as could be esti
mated, approximately 1,652 acres had been cut over before the marking
bega11. The total area on which the timber was marked was about
4,000 acres, for there were fully 200 acres marked which were not lum
bered. The total cost of marking was $598, or about 15 cents per acre.
The total number of trees left for seed over 10 inches in diameter
amounted to 4,599, or something over 1 tree per acre. It is estimated
that these trees averaged one-fourth standard each, making the :yield
for the entire 4,599 trees 1,150 standards. There were marked for
removal altogether 282 trees under 10 inches in diameter. These trees
averaged 0.22 standards each or the entire 282 trees 62 standards.
Under the new system of cutting Mr. Whitney pa.id Mr. 1\foynehan
not only $1 per acre for the 8 and 9 inch trees left standing, but also a
specified sum per standard for all trees 10 inches and over which were
left for seed. The extra cost of forestry to Mr. Whitney was then for
each_acre lumbered 15 cents for marking the timber, plus the value of
about one-fourth of one standard for each tree left for seed, plus the
$1 referred to above.
WORK OF TIIE CONTRACTORS.

While some difficulty was found in compelling the contractors to cut
only trees which were marked, the work was, for the most part, good,
as far as the sawyers were concerned. According to the contract be
tween Mr. Moynehan and Mr. Whitney the former was allowed to use
any timber for lumbering purposes. There was, therefore, absolutely
no check on the cutting of Spruce for skids, roads, bridges, etc. In
consequence the work of forestry was, to a considerable extent, inter
fered with along the lumber roads, for frequently trees which had been
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selected for seeding purposes were cut for skids, and a large amount
of young Spruce timber was cut for corduroy, leveling roads, bridges,
etc. (Pl. XX.) Back from the lumber roads, however, the forest was
left in excellent condition, and the difference in land lumbered before
and after the marking began was very noticeable.
AMOUN1' OF

~lMBEl~

REMOVED.

The following table shows the number of logs cnt
Preserve during the season 1898-99:

the Wllitney

Pine~

Spruce.

Number
of pieces.

011

jstall(_.1

Number

nrc1s. of pieces.

s

tara1nrt18 ·

I

1---------------------1
Little Forked Lake..............
Ronnel Pon<l.....................
Slim Pon<l .. .... ·--··· . .. ...... ..
Little Tupper L ake ... .. ........ .
Big Brook ............ - .... .. .. ..
Total .... _.... _.. .. _.. _......

Per acre on 5,452 acres .... - ... ---

49, 016
81, 672
70, 344
43, 323
22,384

13, 962. 55
23, 965. 87
21,310.94
12, 757.56
7, 319.07

4, 141
5, 059

3, 420. 8;;
4, 405. 21

4, 870
4, 858
1, 548

3, 982.61
3, 910. 32
1, 246.80

I

go5.7!J[

266, 739 ""79,41;. 99 1 ~ 506
16,
~3.9~=~ [ =3.8 ==~~

THE SECOND YEAR'S WORK.

At the writing of this report the second year's lumbering had already
been begun both in Nehasane Park and in the Whitney Preserve, with
every indication that the work of forestry would meet with complete
success. The first year's work was unsatisfactory chiefly because the
lumbermen cut high stumps and wasted small Spruce in lumber opera
tions. In order to remedy these faults the rules given below have been
adopted for the lumbering during the present season. A competent
inspector has been appointed for each tract to watch the work of the
lumbermen and to see that the regulations are complied with. Before
sending this report to the press the writer made an inspection of the
lumbering in Nehasane Park and found that the stumps were being cut
well within the limit given in Rule 5 and in many cases lower; that
practically no Spruce at all was being used in leveling roads; that no
Spruce was being used for skids except when really necessary, and that
in other respects the rules were being observed to the writer's entire
satisfaction.
RULES FOR LUMBERING DURING SEASON OF 1899.

(1) No trees shall be cut which are not marked.
(2) All trees marked shall be cut, unless a satisfactory reason can be
given for leaving them.
(3) No trees shall be left lodged in the woods, and noue shall be over
looked by the skidders or teamsters.
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FIG. 1 . -W ASTE IN LUMBERING: AN UNNECESSARILY HIGH STUMP; ALSO A S OUND LoG
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FIG. 2. - WASTE IN LUMBERING: SPRUCE CUT BY TEAMSTERS TO OBTAIN BRUSH TO
CHECK SLEDS IN HAULING LOGS ON STEEP ROAD. WHITNEY PRESERVE.
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(4) All merchantable logs must be utilized which are as large as 6
inches in diameter at the small end.
(5) No stumps shall be cut higher than 6 inches higher than the
stump is wide, unless a satisfactory reason for cutting them higher can
be given.
(6) No Spruce shall be used for bridges, corduroy, skids, slides, or
for any purpose, except building camps, dams, or booms, unless it, is
absolutely necessary on account of lack of other timber.
(7) All merchantable Spruce used for skidways must be cut into logs
and hauled out.
(8) Contrar.tors must not do any unuecessary damage to young
growth in lumbering, aud if any is done they must discharge the men
who do it.

APPENDIX.
[Compiled mainly from "Tho Adirondack Spruce."]

VOLUME TABLES.

Volume tables show the contents of standing timber. The primary object of tho
construction of sach tables in the stud~- of the Spruce in Nebasaue Park was for
use in working up the results of the 1,046 acre measurements taken in 1897, but it
will be seen that they supply, in addition, the means of estimating standing timber
with accuracy and dispatch, whether the result is desired in standards, board feet,
cubic feet of merchantable timber, or in cords. They are based on measurements
of the product of trees of different sizes actually cut in the woods.
Mention bas already been made of the 2,006 stem analyses of small timber cut for
pulp at Santa Clara, N.Y., and of the 298 analyses of trees cut into logs ou the edge
of Nehasane Park. The volume tables have been computed from the results of these
stem analyses. Since this study is primarily for use in practical forestry, only tables
of merchantable yield were made. For this purpose tables have been calculated
which show the number of standards, board feet, merchantable cubic feet, and cords
contained in trees of different heights and diameters.
VOLU~IE

TABLE Ob' STANDARDS.

The number of standards in each tree was determined by Dimmick's rule, which i~
the common scale usecl in the Adirondacks. The trees were worked up together by
grouping them in diameter classes differing by 1 inch and in height classes differing
by 5 feet. It was found that the average results were so regular for the trees of dif
ferent diameters and heights that it was possible to make a table by merely elimi
nating the irregularities by means of curves. At first the results of the trees cut for
pulp at Santa Clara were kept separate from the results of the largo trees cut in the
park, but the two series wero found to correspond so exactly that they were thrown
together into the single table of standards given below. The diameters in this table
are taken breast high, or 4! feet from the ground. Lumbermen usually refer to the
diameter inside the bark on the stump, but that is an unsatisfactory measure, since
tbe height of the stump varies greatly. In dealing with standing timber measure
ments must be taken outside the hark. A comparison of the diameter inside the
bark on the stump with the diameter breast high showed that, in the trees analyzed,
the former was on the average three-quarters of an i!lch (exactly 0.79) larger than
the diameter breast high.
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I.-Volnme tablefor Spruce.

0
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Contents of the stem in standards by Dimmick's rule.

i:i

Ina.

I I

I I

o. 05 o. 06 o. 07 o·. 07 0. 08 0. 00 0. 10 0.12 0.13
. 20
. 07 . 09 . 10 . 11 .12 .14 .15 .17
. 26
.10 .12 .13 . 15 .17 .19 . 21 . 23
. 34
9 .13 .15 .17 .19 . 21 . 2~ . 27 .30
. 42
10
.17 .20 .23 .·26 . 30 . 34 . 38
. 50
11
.22 .27 . 31 . 35 I . 40 . 45
I
12 ..... ...... 24 . 30 . 35 . 40 . 46 . 52 1 . 58
13 ............... . 34 . 40 . 46 . 53 . 60
. 66
14 .............. . . 38 .44 . 51 . 59 . 67
. 75
15 ................... . .48 .56 . 66 . 75
. 84
.92
16 .......................... 62 .72 .82
17 .. . .. .. . .. .. . .. .. .. . .. .. . .. . .. . 79 . 89 1. 01

.....J....................................
. 73
. 83
. 93
1. 03
1.13
1. 23
1. 34
1.47

. 80
. 91
1.02
1.13
1. 25
1.37
1. 50
1.63

. 87
. 99
1.11
1. 24
1.38
1. 52
1. 66
1.80

21 .. .. . .. .. .. .. . .. .. . .. .. . .. .. . .. . .. .. .. . .. .. .. .. .. .. 1. 76
1. 90

1. 95
2. 10

~~ :::::1:::::::::::::::::::::::::::::: :-:~ : -~~~~-

L[

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

. 94 ·····
1.07 ·----·
1. 22 ·----
1. 38 1.52
1.52 1.65
1. 67 1. 81
1. 82 1. 98
1. 97 2.15
2.14 2. 33
2. 31 2. 51
2. 48 2. 70
2. 65 2. 89

....... --- -- :----- ......... . ... ..... .. ,............ ------ 1 2. 25

............ 1..........

"""" l """" .... . ...................... ..

------ -·· -- -

------ -------

·----- .......
...... ------
·----- -· ----
1. 95

2.14
2. 33
2. 52
2. 71
2. 91
3.12

2. 51
2. 71
2. 91
3 11
3. 32

i

_l_____j
VOLUME TABLE OJ.;., BOARD FEET.

To construct this table the contents in boaru feet were determined for each of the
298 trees analyzed near Nehasane by means of the well-known Scribner's rule. The
relation between the board feet and the standards was then found for each tree by
dividing the number of board feet from Scribner's rule by the number of standards
from Dimmick's rule. The average results for the different diameters, with the
irregularities eliminated by means of curves, arc given in the following:
Relation between bom·d feet ancl sta11dm·ds in trees of

.
Diameter

TNumber
of II
board feet

high.

in one
standard.

b~east

1

-

diamete·rs.

of/
D'1 ameter Number
board feet
b~east
in one
high.
standard.

Inches.

Inches.
9
10
11
12
13

141
146
150
15J
]58

14

161
164
168

15
16

d~U'erent

---.

II

17
18
19
20
21
22
23

24

171
174
177
180
183
186
189
192

I

The table of standards was then converted into board feet by multiplying the
number of standards of each diameter by the factor corresponding to that diameter
in the above table. These factors do not correspond closely, except for the largest
diameters, with those adopted by common practice in the Adirondacks. The latter
range from 190 to 200 board feet to the standard. The present fignres, however, are
taken directly from the logs by the use of the two rules, and therefore show the
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actual relation between Scribner and Dimmick. Since Scribner undervalues small
logs, such logs scaled in standards would ttlso overrun these figures, because they
are made directly from the rules.
II.-

r·olmne tctble jol' Spruce.

Contents of the stem in board feet by Scribner's rule.

Ins.
9
10

21
25

30
38
47
56
63
71

34
44
53
63
73
82

38
50
61
72
84
96

42
55
68
81
94
108

48
61
74
88
104

53
67
81
97
115

121 1

13~

:::::
79
..•... - ................. 

92
102

108
121

122
137

138 1 153
155
173
173
193
190
214
237

18

24
29
34
39

11

12
13
14
15
16
17
18
19
20
21
22
23

..... . ... .

27
34
H
48

..... ·---·
I

:::::1:::::::::::

59 .... ..
73 ···-·
87
93
105
114 ............
126
137
148 ......
147
160
172 ··---
167
182
200 ··---190
208
232
255
214
236
260
282
264
238
290
315
266
294
322
350
294
324
387
355
357
426
392
430
167
390
469
510
509
555

......
------!------ ...... .......

""""" l """"" ...... ·----

-----r ·--

... ... ---------- ---- -... ... ---------- ·----
---- - -----...... -----339
379
419
461
504
550
600

452
496
541
588
637

VOLUME TABLE OF 3IERCHANTABLE CUBIC FEET.

This table was constructed for the purpose of computing the number of cords of
pulp wood in trees of different diameters and heights. It was determined in the
same manner as the table for standards, except that only trees which had been cut
for pulp at Santa Clara were used. The merchantable cubic feet represent tho
amount of wood in each tree actually used for pulp.
III.- Volume table fol' Spnwe.

rJ
Height of the tree in feet.
~-·-------------------------------------------,

e

i~ ~

~

~

~

~

~

~

w
oo 1
~ ~ 1------~----~--~----~----~----~----~----~----

;;

i

M erchantable cubic feet of puip wood.

~

Ins.
5

8
9
10
11

12
13
14

1.1
1.6
2. 1

1.2
1.8
2. 5
3.1
3. 8

1.3
2.1
3. 0
3. 9
4. 9
6. 0
7.1

1.4
2. 4
3. 6
4.8
5. 9
7. 2
8. 6
10.0

........ ....... .
..... .. . ··-·····
..... ... ...... .. ···· ····
........ ·- ······ ........ ..........
1------ .. ·· ······ ........ .........

4364-No. 26- 6

1.5
2. 8
4. 2
5. 6
6. 9
8.4
10. 1
11.7
13. 4
15.1

1.6
3. 2
4. 8
6.5
8.0
9. 6
11.6
13.5
15.4
17. 3

1.7
3. 6
5.4
7. 3
9. 0
10.9
13.1
15.2
17.3
19.5

········ -------·
4.0
G. 0
8. 0
9. 9
12.2
14.6

6. 6
8. 8
11.0
13.5
16.1

"1ill
19.4
21. 8

21. 5
24. 2

;
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VOLUME TABLE OF MER CHANTABLE CORDS.

In order to con vert solid cubic feet into cords it is necessary first to divide by 128
the number of cubic feet in one cord, and then to divide by a factor which shall
represent the relation between solid and stacked wood. In Germany this factor has
been found from a large number of experiments to be 0.65 for round billets stacked
in the woods. In consequence of irregularities in shape due to roughness of the
bark and to swellings where the branches entered the trunk, this figure seems to
give results too large for rossed billets. For the case in hand, 0.7 is more accurate.
When the results of dividing the number of cubic feet (found in Table Ill) by the
factor 0.7 are compared with those obtained by dividing the values in the table of
standards by 2.92, whi ch is the number of standards in one cord, determined by the
Santa Clara Lumber Company from several thousand cord measurements, they are
founrl to correspond almost exactly. After. this confirmation of the factor 0.7, it
was adopted, and the table of cords was constructed by dividing the values in the
table for cubic feet by 12R and the result by 0.7.
IV.- Volume table for Spmce.

It

'"""

.15•M
,~

Height of the tree in feet.
25

s

I

30

I

"
A
I

:
:
I

35

I

40

I

45

I

50

I

55

I

60

I

65

Merchantable cords of pulp wood.

Ins.
5
6

0. 012

o. 013

0. 014

0. 015

. 019

. 020

. 026

7
8
9
10

• 023

. 0~ 8

. 023
. 033
. 043
. 055
. 067
. 079

·· ···-··

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

llL
11

. 035
. 042

. 040
. 05,1
. 066
. 080
. 096

.... . ....... . ·····--· -------·
... .
..... ... .... ......... ··- .m

0. 017
. 030
. 047
. 062
. 078
. 094
. 112
. 131
.149
.168

0.018
. 035
. 054
. 072
.089
.107
.128
. 150
.171
. 193

0. 019
. 040

........ -·······

0. 044
. 067
.089
.110
. 136
. 163
.190
.168 1
.193
. 215
. 217
. 242

. 060
. 081
. 100
. 122
. 145

····-···
0.074
. 098
. 123
.150
.180
. 210
. 240
. 270
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YIELD TABLES.
YIELD TABLES.

Present yield per acre of Spruce, amount which can be cut in 10, 20, and 30 years
after lumbering, and the number of years which must elapse before the same amount
can be obtained again, cutting down to 10, 12, anll 1! inches, are shown in tho fol
lowing tables:
Yield of Spruce ]Jer acre 10 inches anrl over in diameter breast high.

I Secon<l
cut after I Second cut after
Secon<l cut after
10 years.
20 years.
30 vear•.
!.:it~~:
and over
I
I
I
I
quire<l
in lliam~ ~~~f
I I;:~~f·
:!~~f·
;:~~f
t::~n
b~~:~t acres. Board Stand- mer- Board Stand- mer Board Stand- mer- Board , Stancl- equal
feet. ards. chant- feet. Iards. chant- feet. ards. chant- feet. ards . cuts,
high, in
able
able I
able
in
Yield of

~~~~~~h~~

1

I

.Amount of
first cut.

·~ 01f_et

1.. ....

2. .. . . .

trees.

1

trees.

trees.

~~ ~:~ ~ 2551---;;~~~

3......
4.. .. . .
5......
6.... ..
1 .... .. 1

213

2, 382

u . 4'>

5. 4

323

2. 34

12.8

223
204
106
11
37

3, 4801
4, 228
5, 213
6, oo5
7, 405

21. 50
25. i4
31.98
37.32
18. 16

6. 5
7. 5
7. 3
8. 8
10. a

325
375
365
440
s15

2. 21
2. 55
2. 48
2. 99
3. so

14. 31 917
15.7 1, 070
16.21 1,087
18.5 1, 581
20.9 1, 436

47.78
57.60
60.92
68.17
73.19

9.4
7. 2
8. 6
10.0
13. o

517
396
473
550
715

3.57
2. 74
3. 27
3.80
4. 94

19.21 1,366
18. 21 1, 239
17.0 1, 043
30.01 1,980
26.5 1, 887

8 ...... :
21
9......
4
10
5
•
1
. _ _2

7,868
9, 449
10,499
11,095
u, 772

868

5. 84

6. 03
7. 14
7. 26
s. 40I
9. 58
1
9.18
8. 36
7.18
13.40
13. 67 l

years.

20.8 1,685
21.1 1, 991

10.82---;;
12.94 34

23. 5
25.9
26.8
30.4
33. 1

2, 183
2, 420
2, 483
2, 913
2, 988

14. 181
15.57
15.99
18. sol
19.43

37
39
43
43
45

32.1 2,899
30.9 2, 670
29.61 2,938
47.0 4, 488
46. o 4, 542

18.951
18.65
17.20
29.201
29. 41 ,

47
52
51
46
48

Yield of Spruce per acre 12 inches and orer in diamete1· breast high.
Yield of
all trees
10 inches

.Amount of
first cut.

aud over

in diam
eter
breast Board
feet.
high, in
1,0 0 feet
B . .M.

I

Second cut after 10
years.

Second en t after 20
years.

Secontl cut after 30
Interyears .

Yalre
quiretl

be- ,
Num
ber of
tweon
Stant! mer· Board Stand- m~r - Board Stand- mer- Board Stand- equal 1
ards. chant· feet. ards. chant- feet. ards. chant feet. ards. c~ts, 1
able
able
able
m
trees.
trees.
trees.
years.
Numuer of

Num·
uer of

---- --- --- --- --- --- ------ --- --- --- --- -

I

1. .....
2....• .
3•..•••
4... •..
5 . .....
6 ... ...
7 . .....
8......
9......
10 .•.•..
11 ......
12......

1, 073
1, 927
2, 910
3, 608
4, 341
5, 153
6, 086
6, 933
8, 473
9,155
9, 615
9, 800

6. 53
11.80
17. 62
21.52
26. 22
31.43
39.43
41.32
50.97
54.52
58.17
60.14

7. 8
9.1
11.4
12.4
14.3
15.5
19.4
17.0
19.5
16.8
20.0
29.0

632
845
1, 029
I, 131
I, 208
1, 412
1, 792

1, 696
1, 946
I, 711
2, 084
2, 957

4. 00
5. 68
6. 57
7. 22
8.35
9. 01
11.43
10.97
12.59
11.03
13.40
19.97

13.1
U.5
17.9
19.9
21.6
24.3
29.7

26.4
26.9
2<>. 4
30.0
42.0

I, 336
I, 560
I, 850
2,115
2, 325
2, 686
3, 320
3, 019
3, 148
2, 964
3, 564
4, 759

8.46
10. 21
II. 69
13.47
14.78
17.10
21.10
19.19
19.90
18.80
22.56
31.41

19.9
21.9
25.7
28.1
30.5
34.0
>tO. 3
36.2
31.9
33. 8
50.0
5j. 5

2, 504
21935

3, 471
3, 924
4, 109
4, 778
5, 636
5, 264
5, 538
5, 283
7, 18~
8, 767

16.46
18. 20
21.44
24.23
26.52
29.49
34.66
32.44
34.12
33.73
46.14
53. AO

16
23
25
29
32
32
32
37 I
37
40
39
32

I
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Yield of Spruce per acre 14 ·inches and over in diameter breast high.
Yield of Amount of first
cut.
all trees
10 inches
and O\'er
in diame
ter breast Board Stand
hi gh, in
feet.
ards.
1,000 feet
B.M.

I Secondyears.
cut after 10

--- ---

1......
2 . .....
3......
4 ......
5......
6......
7 ......
8 ......
9 ... ...

~
.
.

744
1, 425
2,109
2, 846
3, 382
4, 035
4, 836
5, 380
6, 783
7, 835
6, 608
7, 072

4. 43
8.48
12. 5!
16.53
20.10
24.06
31.19
31.46
40. 24
45.82
38.64
42.16

Number of
mer- Board &tand
chant- feet. ards.
able
trees.

Second cnt after 20
year:;.

Second cut after 30 Interyears.
'\""al re
quired
Num
beNum- ~
ber of
ber of
tween
mer- Board Stand- mer- Board Stand eqnal
c~~fet- feet. ards. chant teet. ards. ct~ts,
able
Ill
trees.
years.
trees .

I

I__

- -- - - - - - - - -- - - -

3, 5
6. 2
7. 7
9. 4
10.3
11.7
14.2
13. 5
14.7
15. 2
31.0
31.0

441
990
1, 100
1, 339
1, 470
1, 846
2, 024
2, OJ 3
2, 511
2, 465
2, 646
5, 047

2. 70
6. 22
7. 39
8 23
9. 02
10.68
12. 4~
12. 55
14.20
15. 25
16. 38
30. 31

G. 57

6.7 1 1,092
10. 0 1, 86!
12. 312, 166
14.9 2, 624
16.8 3,044
18. 5 3, 369
23.8 4, 279
20.9 4, 095
23.2 4, 598
23. 8 4, 769
43.0 8, 851
46.0 9, 381

11.36
12.93
15. 69
18.21
20.14
25.61
2!.47
28.06
28.52
53.00
56.01

16. 6
20.7
25.6
29. 3
40.8
36. c
43.9
39.9
41.4
40,6
61.0
73.0

- -

1 2, 919 17.30
4, ou 24.27
4, 92o 29.13
5, 810 34. 35
6, 351 37.64
7, 5~1 43.92
8, 282 50.84
8, 378 49.82
9,541 56.17
9, 349
15, 192 58.66
117, 409 102.10

15
15
20
21
21
22
21
23
24

"1~J
17
15

ESTIMATE OF STANDING TIMBER IN NEHASANE PARK.

The table given below shows the estimate of merchantable timber on 1,046 selected
acres, measured in Nehasane Park in connection with the study of th e Adirondack
Spruce by Gifford Pinchot. In taking the measurements all apparently sound trees
were included. A consideraule amount of timber will probably prove unsound when
eut, and in order to obtain an accurate estimate, a certain percentage should be
allowed for culL In order to apply the tables to the entire area of Nehasane Park
the following percentages slwuld be deuucted for unsoundness and for openings
which may not have been included in taking the measurements: Spruce, 20 per
eent; Hemlock, 30 per cent; Birch and Maple, 40 per cent.
Avel'age yield per acrejo1· ntel'chantable species on 1,046 acl'es.
[Apparent!~-

souncl trees without deduction for culL ]

I

All situations
Swamp land.
Spruce flat.
Hardwood lane!. Spruce slope.
together.
(A. verage of 225 1(A.verage of 106 (A.YCrage of 442 (A.verage of 274
(A. verage ofl,046
acres.j
acres.)
acres.)
acres.)
acres.)

! I~ .

Species.
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~

~
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s
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Spruce... .
Birch .... .
Maple .. ..
Hemlock ..
Pine ..... .
Cherry .. .
Ash .... ..
Cedar .... .

10 31.40 68.3 3, 639 34.00 75. 1 3, 439129.00 69.8 3, 309 29.00162. 70?, 738 34. 00,70. 501:!, 934

~0

15 8. 7011 18.9 3, 004 6.
13.9 1, 752 7. 30: 17.612,060 10.30122.3013,3751 8. GOI17. 80 3, 800
15 2. 20 4. 9
464
60 1. 3
1161 901 2. 2 175 3. 901 8. 401 820 1. 40 2. 90 291
12 a. ao 7. 2
982 a. oo 6.1 1, 15ol 4. 10 9. 9~ 1, 151 29. oo G. ao 839 4. oo a. ao 1, ooa
1
1
12 '101
2
74
30
71
99 .10:
21 83
031 '061
51 201 40 160
12
061
1
15
04
1
13
04
.1
6
'101 ° 201 221 '041 ° 08
7 1
0

0

0

0

0

0

0

0

0

~: :~~~ :~----~~ :~~ 1:::----~~ ----~~~----·l---9 ... :~~~----~~~ ----~ --·-~~~ .. --~~ ----~0

0

0

0

0

BOTANICAL NAMES OF TREES USED IN BULLETIN.
Ash _____ . ________ .. ___ _________________ Fraxinus nig1·a Marsh.
Balsam. __ . _________________ . _________ .. Abies balsarnea (Linn.) Mill.
Beech . __ ... ______ .. __ .. ______ . _____ __ .. Fagus latijolia (Moenchh. ) Loud.
Birch (Yellow) .. ___ ___ ... ____ . _........ Betula lutea Michx. f.
Birch (White) ................. _.... __ .. Betula papyrifera Marsh.
Cherry (Black ) __ . .. ___ . __________ . ____ .Pnmus se1·otina Ehrh.
Cherry (Bird) ____ .. ____ ......... ____ ... P1·unus pennsylmnica Linn.
Hemlock ....... __ ............ ____ ...... Tsuga canadensis (Linn.) Carr.
Maple (Hard ) __ .. _. ________ . _____ . ___ .. A em· saccltanw~ Marsh.
Maple (Soft) ...... __ ....... __ ...... __ .. Acer 1'/lbrum Linn.
Poplar---- .... _------ ____________ ...... Populus tremuloides Michx. and P. grandi
dentata Michx.
Pine (Norway) . _.... _____ .... __ .... _... Pinus Tesinosa Ait.
Pine (White) .... _____ . _____ . _.. ____ .... Pinus st1·obus Linn.
Spruce (Black).------ ............ ...... Picea 11W1'iana (Mill.) B.S. P.
Spruce (Red).------ ................ .... Picea 1·ubra (Poir) Diet.
Tamarack ........... .. ........... _____ _Lm·i.r lm·icina. (Du Roi ) Koch.
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