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great, but it would be out of place to re- 
count them here. 

We see that binary systems offer a rich 
field for the labors of the mathematician. 
Other subjects in astronomy are equally 
inviting, and I have no doubt that other 
sciences have as much to offer. An emi- 
nent psychologist, for example, has said 
that the time has come for a great mathe- 
matician to concern himself with psycl~o- 
logical problems. There is a proverb to 
the effect that to him that iq well shod the 
whole earth is covered wi?h leather. And 
so the mathematician nlay walk where he 
pleases. What particular path he chooses 
is not n matter of great importance, but i t  
is irnpo~tant that he be abroad ancl doing, 
and that he do not sit at home admiring 
his shoes. 

Science has often been likened to a war- 
fare, ancl such a simile as this naturally 
recurs to the mind at  this time. We may 
thinli of science as at  first occupying a 
small domain surronnded by tlie vast terri- 
tories of t l ~ e  unknotvn. I n  the early days 
it was easier than now to add to this do- 
main. 12 single bolcl spirit, starting out in 
almost any direction, could' often xirrest 
much from the adversary. But as the do- 
main oP science increases, so also do the 
extent and diversity of its bonndaries. 
The more obvious points of vantage are al- 
ready talten and the cl~aract~er of the war- 
fare mnst change. The day of guerilla 
warfarc is gone, i t  is now necessary to act 
in larger groups and for each man to be 
willing to serve at Ihe side of others. This 
policy oftcn requires the suppression of 
personal ambition, and deeds of individual 
heroism bccome less frequent: hnt great 
victories are to be won in either kind of 
warfare only if the soldier is imbnecl with 
such a spirit as this. 

FRANKSCHLESINGER 
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T H E  PLACE OF BOXESTRY dXOA7G LVAT-
ORAL SCIEA7CES1 

INan old forest magazine, Bylvan, is a 
story about Germany's great poet, Karl von 
Schiller. Schiller, taking rest at Illmenau, 
Thuringen, met by chance a forester who 
v-as preparing a,plan of management for the 
Illmenau forest. ,1, map of the forest was 
spread out on which the cuttings for the 
next 220 years ere projected and noted 
with their year number. By its side lay 
the plan of an ideal coniferous forest 
which was to have materialixecl in the year 
2050. Attentively and quietly the poet 
conteriiplated tlie telling niearis of forest 
organization, and especially the plans for 
l a r  distant years. He cluickly realized, 
after a short explanation, the object of the 
worl< and gave vent to his astonishment: 
"I had considered you foresters a very 
coinmon people who dicl little else than cut 
clonrn trees and kill game, but yon are fa r  
from that. You work unknown, unrecorn- 
pensed, free from the tyranny of egotism, 
and the fruit of your quiet work ripens 
for a late posterity. Hero and poet attain 
vain glory; I would like to be a Porestei.." 

An opinion not unlike that held by 
Schiller before meeting with the forester. 
still commonly prevails in scientific circles 
in this country. I t  is quite generally bc.. 
lieved that foresters are pure empiricists, 
something on the order of gardeners who 
plant trees, of range-riders who fight for. 
est fires, or lurribermen who civise timber, 
carry on logging operations or manrrfac-
tnre lumber ancl other forest products; 
that for whatever little knowledge of a 
scientific cllaracter the forester may need 
in his work, he depends on experts in other 
branches of science; on the botanists for  
the taxonomy of the trees, on physicists, 
chemists, i~nd engineers foY the proper 
unclerstanding of the physical, chemical 

1 Paper delivered befole the Washington Aead-
eluy of Scjenees on Deeember 3, 1914. 
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and mechanical properties of the ~voocl ; on 
the geologist and soil physicist for the 
knowledge of sites suitable for the growth 
of different kinds of trees; upon the plant 
pathologist for the cliseases of trees; upon 
the entoinologist for the insect enemies of 
the forest, ancl so on. 

Such an impression is undoubtedly 
strengthened when the activities of such 
an organization as the Forest Service are 
c~nsicle~ed. The placing under inanagr-
ment of about 200 million acres of forest 
land has beer1 an administrative problem 
of enormous magnitude. The administra- 
tion of this vast prxhlic property involves 
many large industrial and economic qi~es- 
tions, and afYects ii~limately a number 01 
varied and important interests: the lum- 
ber iiidl~stry, the grazing industry, water 
power development, navigation, municipal 
3-ater supplies, agricultural scl tl emen t, 
mining development and the railroads. 
In  launching this first great puhlic enter- 
prise, u~idertalien in the face of very 
strong opposition, administrative activities 
appeared to overshadow research 1vo1.k. 
I n  this way doubtless many scientific men 
have gained the irnpression that forestry 
has little to do with scieace, which seeks 
for the causal relationship of things ancl 
for the establishment of laws and prin-
ciples, that forestry is rather a patch work 
of niiscellaneons knoivleclge bol~rowed from 
other sciences and nsscmbled without par- 
ticular systeln to help the practical admin- 
islrator of Jorest property. 

Bfy endeavor in this paper will be to 
show that this impression is erroneous. 
While i t  is true that; forestry as an art, as 
an applied science, utilizes results fur-
nished by the natural and engineering 
sciences, while it is also true that the 101.-

erter's adivities-particularly during the 
pioneer period of csta1)lishing forest prac- 
tise-may be larqely administrative in  

character, there is nevertheless a fwnda-
merltal forest science which has a distinc-
tive place. As with all others the science 
of forestry owes its distinctive character to 
its correlation from a certain point of view 
of parts of certain other sciences, such 3s 

mathematics, botany, entoniology, civil 
engineering and chemistry. But tliese are 
nnly auxiliary to the resnltant science-- 
forestry-which rests upon a knowledge of 
the life of the forest as such, and which 
therefore depends upon the discovery of 
lax-s governing the forest's growth and de- 
velopment. 

It is i n  this field chiefly that foresters 
may claim some scie~itjfic achievement, 
sonle contribution to general science. Sci-
ences do not devclop out of curiosity; they 
appear first oP all because there are prac- 
ticnl pvoblen~s that need to be solved, and 
only later become an aim in themselves, 
This has been equally true of the science 
of forestry. l'be objcct of fo r r s t~y  as an 
ar t  is to produce tirnher of high technical 
quality. I11 pu~suing this object, the for- 
ester vzry early observed that tall, cylin- 
drical timber, comparatively free of knots, 
is produced only in dcn.;cl stands, in forests 
in which tlic trees exert an inflnerice upon 
each other as well as upon the soil and 
climate of the area occupied by them. IIc 
further tliscovered that the social environ- 
ment produced by trees in a forest is :In 
absolr~tely cssentinl condition for the con- 
tinuous n a t ~ ~ r a lexistence of the forest 
itself. If the forestcr liad not Pound forests 
in natnre, he would have had to create 
forests i~rtifieially in order to accomplish 
his practical purpose, sinee i t  is only 
through the control and regulalion of the 
natural struggle for esisterice between tree,.: 
in the forest that thc forester is capable of 
managing it for the practical needs of man, 
Thns Prom the very nat i~re of hir: dwil i~~gs 
with the forest the forester was iorced from 
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the beginning to consider the forest not 
merely as an aqgregation of individual 
trees but as coinmunities of trees-tree 
societies--and first from purely utilitarian 
reasons, developed a science upon which the 
practise of silviculture now rests. 

Forestry as a natural science, therefore, 
deals wil,h the forest as a community in 
which the individual trees influence one 
another and also influence the character 
and life of the community itself. As a 
community the forest has individual char- 
acter and form. I t  has a definite life his- 
tory; i t  grows? develops, matures and 
propagates itself. Its form, development 
and final total product may be modified by 
external influences. By abuse i t  may be 
greatly injured and the forest as a living 
entity may even be destroyed. It responds 
eqi~ally to care and may be so molded by 
slrillful Lreatnient as to produce a high 
quality of product, and in greater amount 
and in a shorter time than if left to nature. 
The life history of this forest community 
varies according to the species composing 
it, the density of the stand, the manner in 
which the trees of different ages are 
grouped, the climatic and soil factors which 
affect the vigor and growth of the indi- 
vidnal trees. The simplest form of a forest 
community is that composed of trees of one 
species and all of the same age. When 
several species and trees of different ages 
occ~lpy the same ground, the form is more 
complex, the crowns overlapping and the 
roots occupying different layers of the soil. 
Thus, for instance, when the ground is 
occupied with a mixed stand of Do~~glas  fir 
and hemlock, the former requiring more 
light, occupies the upper story, and because 
of its deeper root system extends to the 
lower lying strata of the soil. The hemlock, 
on the other hand, which is capable of grow- 
ing under shade, occupies the understory, 
and having shallow roots utilizes largely the 
Lop soil. 

There are forest comn~unities, such for 
instance as those typical of northwestern 
Idaho, where western larch, Douglas fir, 
western white pine, white fir, western red 
cedar and hemlock will all grow together. 
Such a forest is evidently a very complex 
organism, the stability of which is based on 
a very nice adjustment between the differ- 
ent classes and groups occupying the same 
ground. Any change in one of these classes 
or groups must necessarily affect the other. 
If, for instance, in the Douglas fir-hemlock 
forest, the Douglas fir is cut out, the re- 
maining hemlock trees are likely to die 
out because their shallow roots are left 
exposed to the clrying effect of the sun ancl 
wind. I t  is only by a thorough understand- 
ing of such mutual adjustments that the 
forester is capable of intelligently handling 
the forest. With the great number of spe- 
cies that are found in this country, with the 
great variety in climatic and other physical 
factors which infli~ence the form of the 
forest, i t  is self-evident that there are many 
forest communities, each with distinctive 
biological characteristics. which offer a wide 
field for scientific inquiry. Amid the great 
volume of administrative phases of the 
~vorli in the Forest Service this main objec- 
tive has never been lost sight of in 
handling the national forests. The Forest 
Service is now spending nearly $300,000 
annually for research work, it maintains 
eight forest experiment stations and one 
thoroughly equipped forest products labo- 
ratory, and is doing this work solely to 
study the fundamental laws governing the 
life of the forest and their effect upon the 
final product-wood. 

Forestry may be called tree sociology 
and occupies among natural sciences the 
same position as sociology among human- 
istic sciences. Sociology may be based 
upon the physiological functions of man 
as a biological individual. A physician, 
however, is not a sociologist, and social 
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phcnomena can be understood and inter- 
preted only in  the light of soociologicd 
l~nowledge. So also with forestry. For-
estry depends upon the anatomy and 
l~hysiology of plants, but  i t  is not applied 
anatorrry a n ~ 1  physiology of plants. With 
forester's, anatomy and physiology of plants 
in not the immediate end bnt enters only 
as  one of the essential parts mithont which 
; t  is imposiihle to grasp the processes that  
lake place in thc forest. As the science of 
free societies, Eore'ilry really is a part of 
the larger seicncc dealing with 1)1;~nt asso- 
vial ions, yet its development r ras  entirely 
independent oU lootaanical geography. 
\Vhen the need arose lo r  the ralional 
handling of timb~rlancls, no science of plallt 
associal ion ~ v a s  in existence. Foreste'rs 
were con~pelletl to study the biology of the 
forest I)y the best mcthods available; they 
uscit the generadl scientific methods of in-
vestigalion and developed their own meth- 
ods when the forlncr proved inadecpate. 
I an1 frank to aclinit that  the present 
lmo\~ledqc of plant associations in  botany 
has not yet reached a point foresters 
could leave wholly to botanists the xorliing 
out of the basic facts about the life of the 
forests ~ h i e h  are needed in  the practise of 
forestry. Wheri the general science of 
plant associations has reached a higher 
stale of developinent, the two may possibly 
mcrge, hut  not ilntil then. 

I n  c'levelopinq the science of tree asso-
cjations, the forfster has been mnq~estion- 
ably favored by the fact that the forests, 
being the highest esprcssion of socitil plant 
lif'c, afford the best opportunity Cor 01)-
serving it. 

The reason For the ability of forest trees 
to  form most highly orgnnisecl plant soci- 
eties lies in their mode of growth. Each 
annnnl ring of growth, together wit11 the 
new lcaves that appear every year, are in  
rc:rlitg rrcm c.olonicls of cells. Some of the 

cells die toward the end of the vegetative 
season; others continue to live for  a num- 
ber of years. When the conditions of life 
in a foreht have changed for n cc.rlain lye(.; 
when, for  instance, from a dominant tree 
i t  hecanie a s~appressrd one, the new col-
onies of cells forrned during that  year, slid 
v hicdh sirslain the life of that tree, are natu- 
rally adapted to thcscl new conditions. 
Thc same is irne when a sappresserl t r e ~ ,  
through son-re nccidr~rt to i t s  neiglilior*~, 
c30rnes into full enjoywent of light. The 
last atlnrxal growth is a t  once capable of 
taliinq advantage of the new situation 
created in  the forest. Therefore, as long 
as ille Irccl call form amrnnl rilles, it 130s- 
scsses the eli~slicity and adaptability esscn- 
tiill for trees living in ijense stands. Tt is 
only 1- hen a tree is suppressed to a point 
~ r h e i ~i t  can not Corm I I ~ L Vgrowth that i t  
dies arid is elil-riinatecl from a s t a ~ d .  Be- 
cansc of' Ihe fact that the forest is the 
highest expression of social plant life, thd. 
-Core~tersoccrrpy the strategic positio~l f rorn 
which they con~n~ant l  vistas accessible only 
~ v i t h  diliiculty to other naturalists. In  
this lips the i.,trengtlz of forestry. its p ~ ~ ~ l i i i ~  
heardy, ancl the cleljt which natural deience 
owes to it. li i.; a significant fact, althol~gh, 
of course, only of historic importance, that, 
according to Charles Darwin3 himself, it 
wn.: "an obscure writer on forest trees who, 
in 1830, in Scotland ( that  is, 29 years be- 
Core the 'Origin oC Species' was published), 
rnosl ex1>ressly and clearly anticipatecl his 
vie~vs on nnlmrill selection in a boolc on 
Naval Timber F o rancl A ~ h o r i c u l t n r e . ~ ~  
the same reason i t  was foresters, who, long 
beforc the word "ecology" v a s  coined, 
have assembled a vast amount of material 
on the l ife of the forest as a plant asso~ia- 
tion--the basis of their silvicultnral prac-
tise. Warming, Sehiml>er, ant1 other. early 
writers on ~coloqy, b:)rrow.ed most of tlleir 

2 "Orjgin of Species. '' 



121 JANUARY22, 19151 SCIENCE 

proofs and examples from the facts estab- 
lished by the foresters, and the forest liter- 
ature of to-day is still practically the only 
one which contains striking examplcs of the 
application of ecology to the solution of 
practicnl problems. 

One discovery recently made at  the Wind 
E v e r  forest experiment station in Oregon 
coines particularly to my mind. I n  north- 
mesterll Idaho where the svestern white pine 
is at its optimum growth and is greatly in 
denlaud by the lumberman, our former 
method of cutting Tvas to remove the main 
stand and leave seecl trees for the restock- 
ing of the ground. In  order to protect the 
seed trees from windfall, they svere left not 
sinqly but in blocks, each covering several 
acres. The trees left amounted often to 
from 10 to 15 per cent. in volume of the 
total stitnd, and since they could not be 
utilized later they formed a fairly heavy 
investmentfor  reforesting the cut-over 
land. A study of the effect of these blocks 
of seed trees upon natural reforestation has 
proved that they can not be depended upon, 
at least within a reasonable time, to restock 
natnrdly the cut-over land. The distance 
to whicli tlie seed is scattered from these 
seed trees is in~ignificant compared with 
t h ~area to be reforested. Splendid young 
growth, however, is found here and there 
on cut-over land, away from any seed 
trees, mhere tlie leaf litter is not colnpletely 
burned. I t  is evident, therelore, that the 
seed from which this young growth origi- 
nates mnst have come from a source other 
than the seed trees. The study of the leaf 
litter in :i, virgin stand showed that the 
latter contained on the average from one 
to two germinable seeds per square foot. 
Some of the sect1 found was so discolored 
that i t  n i ~ ~ s t  have been in  the litter for a 
long time. Thus i t  mas discovered that 
the seed of the western white pine retains 
its vitality for years while lying in the duff 
and litter beneath the mature stands, and 

then germinates when the ground is exposed 
to direct light by cutting. It was found 
similarly that in old Douglas fir burns, 
where the leaf litter was not completely 
destroyed, the young growth invariablg 
sprung up from seed that had escaped fire 
and had been lying dormant in the ground. 
Should a second fire go through the young 
stand before i t  reaches the bearing stage, 
the land may become a complete waste, a t  
least for hundreds of years, although there 
may be seed trees left on the ground. 
This conclusively proves that the young 
growth comes from the seed stored in the 
ground before cutting tooli place and not 
from the seed scattered after cntting by the 
seed trees left. 

The wonderful capacity of the leaf litter 
and duff of the cool, dark forests of the 
North~vest to act as a storaqe inedium for 
the seed until favorable conditions for its 
gelmination occur is confined not only to  
the Douglas fir and western white pine but 
to the seed of other species which often 
grow together with them, such as Nohle fir, 
amabalis fir, western red cedar and hem- 
lock. The subsequent appearance of other 
species in a Douglas fir or western white 
pine stand depends apparently to a large 
extent upon the seed stored in the ground 
at  a time when the original foresl, still 
existed. This discovery revolutionizes our 
conception of the succession of forest 
stands, since it shoms that the future corn- 
position of the forest is determined by the 
seed stored in the leaf litter; and the ap- 
pearance of seedlings first of one species 
and then of another results simply from the 
differences in the relative endurance of 
seed of the different species t h i t  are lying 
in the ground. Besides being of scientific 
importance this discbvery has also a great 
practical significance. I t  accentuates the 
disastrous conscquence of a second fire in 
an old burn because no more seed remains 
in the ground while the capacity of the few 
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seecl trees that may be on the bum is very 
limited in restocliing the ground. This dis- 
covery enabled the service to change mate- 
rially the present methock of cutting in the 
white pine and Donglas fir forests, to the 
mutual advantage of the government and 
of the logging operators. 

I shall give briefly a few other illustra- 
tions of the life of the forest mhich stamp 
i t  as a distinct plant society. 

The first social phenomenon in  a stand 
of trees is the differentiation of individuals 
of the same age on the basis of differences 
i n  height, crown development and growth, 
the result of the struggle for light and 
nourishment between the members of the 
stand. A forest at  maturity contains 
scarccly 5 per cent. of all the trees that have 
started life there. Yet the death of the 95 
per cent. is a necessary condition to the 
developmcnt of the others. The process of 
differentiation into dominant and sap-
pressed trees takes place particnlarly in 
youth and gradually slows down toward 
maturity. Thus, in some natural pine 
Eorests, durirlg the age between 20 to 80 
years, over 4,000 trees on an acre die; 
whereas at the age between 80 and 100 only 
300 trees clie. With some trees this natural 
dying out with age proceeds Taster than 
with others. Thus in pine, birch, aspen, 
and all other species wliich demand a great 
deal of light, the death rate is enornoas. 
With spruce, beech, gr, ancl species which 
are satisfied with less light, this process 
is less energetic. The growing demand for 
space with age by individual trees in a 
spruce forest may be cspressecl in the fol- 
lowing figures : 

sq. Ft. 
A t  20 years o f  ape . ... . . . ... . . 4-
At 40 years of age . . . .. . . . . . . . 34 
At  60 years o f  age . . .. . . . . . . . . 70 
At 80 years o f  age . . . . . . . .. . . . 110 
At  100 ycars o f  age .. . . . . . . . . . 150 

I f  we take the space required by a pine 
a t  the age between 40 and 50 years as 100; 

then for spruce a t  the same age i t  will be 
87; for beech 79; and for fir 63. This 
process of differentiation is universal in 
forests everywhere. 

Another peculiarity that marks a tree 
conimunity is the difference in seed produc- 
tion of trees which occupy different posi- 
tions in the stand. Thus if the trees in a 
forest are divided into five classes ac-
cording to their height and crown devel- 
opment, and if the sced procluction of 
thc most dominant class is designated 
as 100, the seed production for trees 
of the secontl class will be 58 ; for  the third 
class, 33;  for the fourth class only .5 per 
cent., while the trees of the fifth class will 
not produce a single seed, although the age 
of all these trees may be practically the 
same. ?'he same struggle for existence, 
therefore, which produced the dominarlt 
and suppressed trees works toward a natu- 
ral selection, since only those which have 
conquereil in the stmggle Cor existence, and 
are endowed with the greatest individual 
eneryy of growth, reproduce themselves. 

In a forest there is altogether a differ-
ent climate, a different soil and a clifferent 
ground cover thall outside of it. A forest 
cover does not allow all the precipitation 
that falls over i t  to r ~ a c h  the ground. Pa r t  
of the precipitation remains on the crowns 
and is later evaporated back into the air. 
Another part, througli openings in the 
cover, reaches the ground, while a third 
part runs down along the trunks to the 
base of the tree. 37ang ancl exact measure- 
ments have demonstrated that a forest cover 
intercepts froin 15 to 80 pcr cent. of precipi- 
tation, according to the species of trees, 
clensity of the stand, age of the forest, and 
other factors. Thus pine forests of the 
north intercept only about 20 per cent., 
spruce a b o ~ ~ t  40 per cent., and fir nearly GO 
]per cent. of the total precipitation that falls 
in the open. The amount that runs off 
along the trunks in some species is very 
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small-less than 1per cent. I n  others, for 
instance beech, i t  is 5 per cent. Thus if a 
certain locality receives 50 inches of rain, 
the ground under the forest will receive 
only 40, 38 or 20 inches. Thus 10, 20 and 
30 inches will be withdrawn from the total 
circulation of moisture over the area occu- 
pied by the forest. The forest cover, be- 
sides prevonting all of the precipitation 
from reaching the ground, similarly lreeps 
out light, heat and wind. Under a forest 
cover, therefore, there is altogether a differ- 
ent heat and light climate, and a different 
relative humidity than in the open. 

The foliage that falls year after year 
upon the ground creates deep modification 
in the forest soil. The changes which the 
accumulatioiz of leaf litter and the roots of 
the trees produce in the soil and subsoil 
are so fundamental that i t  is often possible 
to determine centuries after a forest has 
been destroyed, whether the gro~ind mas 
ever occupied by one. 

The effect which trees in a stand have 
upon each other is not confined merely to 
changes in their external form and growth 
i t  extends also to their internal structure. 
The specific gravity of the wood, its com- 
position, and the anatomical structure 
which determines its specific gravity differ 
in the same species, and on the same soil, 
and in the same climate, according to the 
position which the tree occupies in the 
stand. Thus in a 100-year-old stand of 
spruce and fir the specific gravity of wood 
is greatest in trees of the third crown class 
(intermediate trees). The ratio of the 
thick wall portion of the annual ring to the 
thin wall of the spring wood is also differ- 
ent in trees of different crown classes. The 
difference in the size of the tracheids in 
trees of different crown classes may be so 
great that in one tracheid of a dominant 
tree there may be placed three tracheid 
cells of a suppressed tree. The amount of 

lignin per unit of weight is greater in domi.. 
nant trees than in suppressed trees. 

Forest trees in  a stancl are thus jnfln- 
encecl not only by the external physical 
geographical environment, but also by the 
new social environment which they them- 
selves create. For this reason forest trees 
assimilate, grow and bear fruit differently 
and have a different external appearance 
and internal s tn~cture than trees not 
grown in a forest. 

Forestry, nnlilic horticulture or agricul- 
ture, deals mith wild plants scarcely modi- 
fied by cultivation. Trees are aLgo long- 
lived plants; from the origin of a forest, 
stand to its maturity there may pass more 
than a century. Foresters, therefore, 
operate ovrr long periods of time. They 
niust also deal mith vast areas; the soil 
under the forest is as a rule unchanged 
by cultivation and most of the cullural 
operations applicable in arboriculture or 
agriculture are entirely impracticable in 
forestry. Forests, therefore, are lagely the 
product of nature, the result of the free 
play of natural forces. Since the foresters 
had to deal with natural plants which grew 
uncler natural conditions, they early 
learned to study and use the natural forces 
affecting forest gro~vth. In nature the 
least change in the topography. exposure or  
depth of soil, etc., means a change in the 
composition of the forest, in its density, in 
the character of the grounil cover, and so 
on. As a result of his observations, the 
forester has developed definite laws of 
forest distribution. The forests in the 
different regions of the country have been 
divided into natural types with correspond- 
ing types of climate and site. These nat- 
ural foreat types, which by the way were 
also developed long before the modern eon- 
ception of plant formations came to light, 
have been laid at  the foundation of nearly 
all of the practical work in the woods. A 
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forest type becaine the silvicultural uni t  
which has the same physical conditions of 
growth throughout and therefore requires 
the same method of treatment. The manner 
of gro~vth and the inethod of natural re- 
generation once deveIoped for  a forest type, 
hold true for the same type no matter 
w11e1-e i t  occilrs. After the relation be-
tvrei.n a certain natnraI type of forest and 
the climate and topography of a region has 
been established, the forest growth be-
comes the living cxpressiou of the climatic 
and pliysical factors of the locality. Sim-
ilarly. with a given type of climate and 
loc;~lity i t  is possible for  the forester to 
cortceive the type of forest wliicli wollld 
grow there naturally. The forester, Ihere- 
fore, may spcv~lc of the clirnatc of the beech 
forest, of the Engclmaiin spruce forest, of 
the ycllo~v pine forest. 'I'has, if jn China, 
which may lack weather observations, we 
fintl a, beech forest similar to one found jn 
northern New Yor l~ ,  we can be fairly eer- 
tail1 of the climatic similaritics of the two 
regionh. l'lore than that, a type of virgin 
f0r.e.t gmwlh may serve as a better indi- 
caation of the climate of a particular local- 
ity than nieteorological recortls covering a 
short rinmher of ycars. R forest which has 
gro-rl-n orr the same qrounc? for nlany genera- 
tion is thc result not of any exceptional cli- 
matic cycle, but i h  the product of the aver- 
age ~ l imat ie  conditions that have prevailed 
in that r e ~ i o n  Por a Zong time. I t  P.rprcsses 
not only the result of one single climatic 
factor, but is thc prociuct of all the climatic 
a ~ i d  pllysienl ractoi-s together. Similarljr, 
the use of the natlnral forest types for deter- 
mining the potential capacity of the land 
occnpicd by them for  cliffcrent pu~poscs  is 
bccour~ing Ynorc1 and inore appreciated. 
When the clil~ialic clraracte~~istics of a cer- 
tain type of forest, for  insi;incc: those of 
Enqelinann sprlIce in  the Rocky Mountains, 
is tl.ioronqhlg e~talnlislied, the potcn tial 

capacity of the land occupied by it for  
agric~ultiml, grazing, or other purposcs is 
also Iargcl j~ determined. 

Observations of the effect of climate upon 
forest growtli ~lntural lg  brought out facts 
with regard to the effect of forests upon 
climate, soil and other physical factors and 
led to the dlvelopment of a, special branch 
of meteorology, ltno~i7n as forest meteorol- 
ogy, in ~ v h i d l  the foresters have talcen a 
prominent part. While there arc some 
pl~ases in  forcst meteorology which still 
alIo\v room for disagreement, some relation- 
ships estahlisllecl by forester-s arc widely 
acccpted. One of these is tile effect ~vliich 
forests have upon local climate, especially 
that of Ihe area they occupy and of contigu- 
ous areas. Rvcry Ear~ner who plants a 
wintlbreak l i n o ~ s  and t d w s  advalltage of 
this infl uencr. Another relation is that  be- 
tween Ihe forest and the circalalion of 
water on and in the ground, a relation 
~vhich playasr~ch i l t l  important part  in  the 
r c g i i ~ e i ~  Slill a third one. as of stweams. 
yct heyolid the possibility of absolute proof, 
is the effcct of forests in  level countries, in 
the path oP prevailing winds, upon the 
humic?iiy ant1 tcmperatnre of far-disbant 
re:;ions lying in t11eir Ice. 

If in the field of hotany the forester has 
contnib~rted to the progress of botanical 
geogltaphy ancl in the realm of meteorology 
has openccl new fields of invi~stigation, his 
iiifluenee in wood .lechnology has been in  
chanqiny eutirely the attitude of engineers, 
physicists and chemists in handling wood 
products. 'l'hc methods of stutlying the 
physical. mc.elianical and chcrnica,l prop- 
erties of ~voocl were, of COII~SC, those used in 
engineering I)y chemists and physicists; 
bnt the  forester has shown that wood, un-
like stclc,l, caoncrotc or other s l r ~ r e t ~ l r a l  mate-
rial, is siibjcv% to nltogcthe~ different laws. 
Wood, hc has sho~vn, is not a homogeneous 
p r o d ~ ~ c t ,bu t  is greatly influenced by the 
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conditions in the stand rrom which i t  comes. 
Were it not, therefore, that mechanical 
properties can be tied up with some definite 
forest conditions and correlated with some 
readily visible expression of tree growth, 
such as the number of rings per inch or the 
specific gravity of the wood, timber would 
be too much of an indefinite quantity for 
architect7 and other users of wood to handle 
with perfect safety. To find such a rela- 
tion is Just what the foresters have been 
attempting to do and most of the studies of 
the strength of wood have been with the 
view of establishinq certain relations be- 
tween the mechanical, physical and anat- 
oinical properties of the wood. Some of 
these relations I may mention here. 

One of Ihe earliest relations which for- 
esters have established with a fair certainty 
is that between the specific gravity of the 
wood and its technical qualities. Some of 
the forestel-s even go so far  a s  to claim that 
the specific gravity of wood is an indicator 
of all other mechanical properties and that 
the strcnglh of wood increases with the 
specific gravity, irrespective of the species 
aacl genus. I n  other words, the heavier the 
wood, all other conditions being equal, the 
greater its; strength. Even oak, which 
formed apparently an exception, has been 
recently shown to follow the same law. If 
there is still some doubt that the specific 
gravity of wood can be made a criterion of 
all mechanical and tcbhnical properties 
of wood, the correlation between the specific 
gravity and the resistance to compression 
end-wise (parallel to the grain) is appar- 
ently beyond question. Thus by the specific 
gravity the resistance to compression end- 
wise can be readily determined. The com- 
pression end-wise equals 1,000 times the 
specific gravity minus 70, when the mois- 
ture contents of the wood is 15 per cent., or 
C = l , O O O X  -70. 

Since in construction work the most de- 

sirable wood is the one which possesses the 
highest strength at  a given weight, the ratio 
between the compression strength and the 
specific gravity was found to express most 
clearly the strength of wood. This ratio, 
however, increases with the increase in the 
specific gravity, a fact which further sub- 
stantiates the law that the specific gravity 
of wood determines its mechanical prop. 
erties. 

Another relation which has been fairly 
established is that between the resistance 
to compression end-wise and the bending 
strength oll timber. (By the resistance 
compression end-wise, therefore, the bend- 
ing strength of timber can be determined.) 

One of the other properties of wood, 
namely hardness, was found to have a defi-
nite relation to the bending and compres- 
sion strength of ~vood and this fact tempts 
the conclusion that by hardness alone all 
other mechanical propelties can be deter- 
mined. The test for hardness is veiy 
sjinple: i t  can be made even by a small 
manufacturer and therelore the whole 
problem of wood testing would be greatly 
simplified. Hardness was also found to 
have a definite relation to the proportion 
of the summer mood in the annual ring, 
ancl consequently to the specific gravity of 
the wood. The specific gravity of wood is 
determined by its anatomical structure, by 
the proportion of fibro-vascular bundles, 
their thicliness and length, the proportion 
of thick-walled cells, medullary rays, etc. 
The anatomical structure in its turn is 
probably determined by the combination of 
two factors-the amount of nourishnlent 
in the soil and the intensity of transpira- 
tion. The mechanical properties of wood 
come, therefore, within the control of the 
forestel- who raises and cares for the forest. 

There is another field of scientific? en- 
deavor in which foresters in this country 
may claim some credit. This is in  the field 
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of forest matheinatics. One unfgmiliar 
with forest q r o ~ t b  can hardly realize Che 
diEcnltics in the way of measuring the 
f o ~ e s t  crop, the amount of wood produced 
in  a forest composed, for instance, of many 
different species, sizes ancl ages. If a tree 
resembled any geometric body, such as a 
tmncated cone, or an Appolonian para-
'boloid, i t  ~vould be a simple matter to deter- 
mine its contents by applyinq the formula 
fur such botly. But  a tree's form doer not 
<coincide with that  of any Ii-nown geometric 
body, SO tbat i t  ~ ~ o u l c l  seem that the only 
possible way of detrrmining the contents 
of the trees forming a forest -cvould be by 
measuring each single tree. Evidently this 
would be an entirely impracticable task. 

'Phe common practise of determining the 
sontents of trees either in board measure 
o r  in cubic leet is .to measure a large num- 
ber of trees of a given species in a given 
locality and apply the averngc figures to  
the trees of tlie same dian~eters and heights 
within that locality, Since there are, how- 
eyer, a great many species of trees in this 
country, some of which have a very wide 
geographic range, this method necessarily 
invokes the preparation o i  a large number 
of local voluriie tables and hence the meas- 
~irementof hundreds of thousands of trees. 
The measurement o l  the taper of a large 
m ~ m b e r  of trees has s h o ~ n  that there are 
certain critical points along the stem of a 
tree, the ratio between which expresses the 
Lorm of the tree in a sufficiently accurate 
manner. It was Eound that trees hav-
i-nq the same total height, the same 
diameter breast-high (49 feet from the 
gronnd), ancl the same ratio between the 
diameter a t  half the height of the tree and 
the diamcter breast-high, ~ n a s t  invariably 
have the same cubin contents irrespective 
of the bpecies of the tree or the region in 
whic~h i t  grows. Thus whether it be a 
Scotclr pine of northern Sweden, a yellow 

pine of ilrizona, a mahogany of the tropics, 
or a scrnbby birch of the Arctic Circle, 
the  valurrre of the tree may be expressed by 
means of one simple relationship. The dis- 
covery s f  this very simple relation provides 
for  the first time a basis for the coastruc- 
tion of a universal volame table. The 
mathematicians of the earlier period sought 
in vain to find a lorm~nla by which the cubic 
contents of a tree could be espressed. What 
the lnathcixiaticians failed to develop by 
the deductive method, foresters have found 
by the inductive method. With a reliable 
table for  converting cubic measure into 
board measure for trees of different sizes 
the lxrlivcrsal volume table expressed in 
cubic fcet could be translated into a uni-
versal table expressed in hoard feet, which 
is the measure peculiar to this country. 

There is another contribution of which I 
am somewhat hesitant to speak for i t  is not 
a contribution to pure science, if by sci- 
ence is meailt only the physical or natural 
sciences. Since, hotve~er, i t  touches the 
interest3 01a large number of people, I 
may be forgiven if I say a few words about 
i t .  It is a contribution to what one eeon- 
olnist has aptly called the "science of social 
engineering." The transfer of the forest 
reserves in  1905 to the Departnlent of Agri- 
culture marled a new departure in the na-
tional econonlic life. It recognized the new 
principle that the nation's resources sholnld 
he managed by the nation and dircctly in 
the interesls of the whole people; it reeog-
nizcci that tllese resources shoinld be devel- 
oped collectively rather than individually 
and indirectly. Neal-l-y ten years have now 
passed since the inauguration of this policy. 
The recorcl of what has been accomplished 
and the manner in which many of the prob- 
lems have been approached and solvecl must 
unqnestionably be consiclered a contrib11-
tion to the nielhods by 1~2iich similar prob- 
lems niay be handled by the nation in the 
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future. In the administration of the na-
tional forests there is being developed 
gradually what I believe to be a truly scien- 
tific system for  attaining a concrete eco-
nomic end, a system of controlling certain 
correlated industries with a single purpose 
in view--the maximum of the welfare of 
the nation as a whole. I n  spite of many 
nlistalres which we have undoubtedly made 
and which we have attempted to correct as  
we went along, in  spite of the lack of prac- 
tise and experience in  solving the problems 
a t  hand, this new policy, it seems to me, has 
already proved entirely safe and workable. 

BATHEBATICS,  ASTRONOMP AND PHPS-
ICS A T  THE CALIFORNIA MEETING 

A JOINT session of the American Mathe- 
matical Society, tho American Astronomical 
Society and Section A of the American Asso- 
ciation for the Advancement of Science will 
be held on Tuesday, August 3, at the Univer- 
sity of California, for the presentation of two 
addresses : 

The Human Significance of Mathematics: by 
Professor C. J. Iceyser, Columbia University, New 
Torlr. 

The Work of a Modern Ob~ervatory: by Dr. 
George E. Hdc, Mount Wilsoll Solar Observatory. 

On Friday, August 6, the American Astron- 
omical Society and others interested in astron- 
omical research will make an excursion to the 
Lick Observatory, Mount Hamilton, near San 
Jos6. The director of the Mount Wilson Solar 
Observatory, near Pasadena, extends a cordial 
invitatiort to men of science interested in 
astronomical and physical research to visit the 
observatory either before or after the San 
Francisco meeting of the association. 

Physicists are invited to attend a joint ses-
sion for mathematics, astronolny and physics 
on Tuesday, August 3. One session of the 
meetings devoted to physics will give consid- 
eration to recent spectroscopical investigations. 

On the occasion of the visit of the associa- 
tion to Stanford University on Wednesday, 
August 4, Professor Harris J. Ryan will give 
demonstrations with high potential electric 
currents in the new laboratory which has been 
equipped for high potential experimentation. 

SCIENTIFIC NOTES AND NEWS 

DR. CHARLES professor of chemis- IT. HERTY, 
try in the University of North Carolina, has 
been elected president of the American Chem- 
ical Society for the year 1915. The address 
of the retiring president, Professor Theodore W. 
Richards, of Harvard University, written for 
the Montreal meeting of the society which was 
abandoned on account of the war, has been 
printed in the Journal of the American Chem- 
ical Society for December. The subject is 
"The Present Aspect of the Hypothesis of 
Compressible Atoms." 

TEIEPerlcin medal of the Society of Chem- 
ical Industry will be conferred on Dr. Edward 
Weston on the evening of January 22, at  the 
Chemist's Glib, Ne-w York City. Dr. Charles 
I?. Chandler will present the medal and an 
address mill be made by Dr. 1;. R. Baekeland. 

ON January 20, 1915, the Medical Society 
of the District of Columbia held a memorial 
meeting in honor of the late Dr. A. 3'. A. 
King; who died on December 13, 1014. The 
following appreciations were presented: I n  
&jIemoriam, nesolutions by Committee, Dr. D. 
S. Lamb; Biographical Slretcli, Dr. Renry D. 
Fry; Dr. King as an Author, Dr. Barion 
Coolre Hirst; Doctor King on Mosquitoes and 
Nalaria, Dr. L. 0. Howard; Doctor King as a 
Teacher, Dr. Sterling Rnffin; Doctor King as 
Dean of the Nedical School, Dr. D. Ii. Shute; 
Personal Characteristics, Dr. A. R. Shands. 

TIIE Rev. Sir John Twisden, formerly pro- 
fessor of mathematics in the Staff College of 
the British army, has died at  the age of nearly 
ninety years. 

M. ALFRED~'OURNIER,  formerly professor of 
dermatology and syphiligrapl~y at the Univer- 
sity of Paris, has died at  the age of eighty- 
two yecars. 


