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For many years the uprooting. of trees has been recognized as a

natural phenomenon. As such, it has usually been regarded as one of

freakish occurrence noted for its direct And catastrophic results upon

the trees immediately affected. Uprooting, it seers, has seldom been

considered with enough perspective to reveal its basic relationship to

the forest.

A form of very detailed descriptive research was instigated in 1948

to document the developmental trends of the forest stands which had occurred

on a one—acre area. Uprooting was established conclusively as an important

factor in the development of the area during the last 500 years.

When uprooting is observed and interpreted on a limitei area with the

perspective afforded by 500 years, its role becomes that of a natural for-

est process, rather than a single event in the life history of a forest

stand. As a prccoss, it must be considered along with reproduction, r-owth,a

podsolisatien,• and other generally recognized processes. Similarly, the

series of actions and subcequent reactions associated with uprooting can

be described quantitatively, qualitatively, and chronologically.

,Ifere extensive research has indicated that uprooting is a general

forest process in eastern North America. Its influences have many ramifi-

cations, and like most other natural processes, are highly variable. The

soil is one of the components of the forest greatly affected by the process

of uprooting.



THE UPROOTING 0? TREES: A FOREST PLOCELS

Earl P. Stephens

Rerveed .Forest, Earner! University

For many yoars the uprooting of troos has boon recognized as a natural

phenomenon (Shaler, 1891), (Rolmee, 1393), (Van Hie°, 1904), (Lutz and Gris-

wold, 1939). The moot comprehensive treatmont of the subject to date has

been that of Lutz (1940). A review of the literature at that tie o, as

stated by Lutz, brought out three principal facto;

That uprootire. of fforest trees is of widespread occurrence.

That uprooting results in dractic disturbance of foeeet &oils.

3. That such disturbance is of ecoleeic •l importance.

The investigations of Lutz wore devoted primarily to the influence of

uprooting on various coil properties believed to have ecological and pedo-

logical significance. However, the importance with which he regarded the

phenomenon as a whole can be =pressed best, perhaps, by quoting a portion

of his conclusions.

wandthrou, with the generally attendant uprooting of trees, is
a universal phenomenon in forest regions. . Occasional violent stores
of hurricane intensity may operate over oeteneive areas and causo
entire stands to be uprooted. Less specteoular, but more common,
io the windthrow of scattered individuals or groups of tee= which
Occurs during normal years. Over long periede of time the coil under
forest stands mey repeatedly be subjected to disturbance win erz.sz
are uprooted. This type of natural disturbance of the coil body is
peculiar to lend boar in forest stands; it may to likened to ploelng
by the agrieulturiet."

Seldom since Lutz t s study has uprooting been considered with the amount of

perspective required to reveal its basic relationship to the forest.

A form of very detailed descriptive research was instigated at the

Earvard Forest in 1948 to document the development of the forest stands that



had occurred on an area slightly loco than one acro in extont. The orioiroal

objootivo wao to trace the development of the forest to pro-colonial tine.

about 1730.

The fir .t procodura was to construct a 10-foot grid, which pormittod the

accurate location of any object on tho area. Next, a curios of maps vao mado

to the scale of 10 foot to the loch which described:

A11 live and dead tree elemonto ranging from less than 1 inches

in diomotor inside bark at breoet holoht to the emalloot rococo

nioable 000dling.

All stumps. dead tree boles. and laroo fra,omonto of veod lying

on the pr000nt forest floor.

3. All live tree elements	 inches and larger in ide bark at

broact height.

L. Contours of the preoent forest floor to an intorval of 6 inchoo.

Boulder concentrations and all individual boulders on the prec-

ent forest floor to a minimum diameter of 6 inches.

Present forest canopy.

rn conjunction with map conotruction, other general procodures were

followed:

Specimonc of all stumps and wood fragmonte ver y collected for

species identification and ago determinotion.

As the tree elements lens than l inchoo in diametor vero

doocribod. a oection for age determination we removed from the

base of each coalferauo seedling and from the bzace of the etem

and primary root of each snout hardwood.

3. The mounds rz.d pito of uprooted trees wero sectioned at rioht

angles to their long axes to depths of from 2 to 5 foot. `:Nett

section:;, the ages of which could be moot closely determined.



were profiled to the scale of one foot to the inch. Chily the

gross aspects of the :lectiono were recorded; color, texture,

consistency, and arrangement of the horizons. The remaining

sootione were profiled diagrammatically to the came'ocale and

described. Coincident with sectioning, specimens were collected

of buried wood from the trees that had been uprootod, buried.

organic lmyero of the pre-dizturbed Tercet floor, c;x1d-eharco:a.

The wood and charcoal wore collected for opociee identification.

as was the pollen content of the organic layers.

4. The remaining trees wore felled, and sections for height and

diameter growth reconotruotion woro remove: from each at 4-foot

intervalo.

The application of the historical-development approach ( tophens, 1953)

to a small areaof forest permitted the documentation of the atande that had

grown there ounce pro-colonial tine. In addition, this approach made it pos-

sible to observe the cumulative effects of ooveral hundred yearo of forest

processes. As an immediate result, many of the gross trend y in the life

histories of the stands were exposed. The uproot;n. of. treco w e ostlished

conclusively as one of the important influences. Uprooting may be defined as

the toppling over of a tree with the result that coma or all of its roott are

wrenched froze their anchorage in the roil.. The inflnoncos cf uprooting on the

forest in general are many and varied. The coil is one of the componentc of

the forest which oh= the results of uprooting not vividly.-

When uprooting is obcervod scut interpreted. on A limited area of forest

with the perspective afforded by 500 years, its role in the development of the

area boccmes that of a naturnl process rather then sirlply an event in the life

history of a stand. The 6-inch contour: of Ileum 1 delineate the microrollef

of at least 62 pairs of mounds and pits that are known to have been directly

related to the uprooting of trees. Evidence both above and below the present
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surfaco of tho forest floor indicates that the area has been subjc ,otod to

four periods of major uprootings. Further interpretation of the evidence on

the ground supplemontod by writton historical records places the dates of

throe of theca disturbances as 1932, 1315, and 1635. The fourth and oldest

was eatimated to havo occurred between 1400 and 1500 fro:a . ovidonco oxistiaz

solely on the a•ouad.

.n overlay of the 6-inch contour map, figu re 2, shows the area. dis-

tribution, and chronology of the mounds and pi gs on the curront research area.

The area 01 each age class fa as follows: 1933: 	 oluaro foot; 1S50: le3

square feet; 1615; 707 square feet; 1730-1753: 113 scuaro feet; 167;5: 1302

square foot; and 1400 to 1500; 1379 squaro foot. *The total area of the mound

and pit surfaces is approxiaately 5100 oquare foot. 	 Almost /4 ;7,er cent of the

surface of the present forest floor is composed of mounds and pita.

Moot natural proceoxes are characterized by the influence thnt they have

uuon the media or areas in which they are active. Their expressions ch7rge

ever time, end the developmental morphology and anatony of the forms•thus pro-

duced can be describod qualitatively and qu=tit

The mounds and vita on the research area wore sectioned at ricalt 	 es

to tlieir 102-4; axes, cr parallel to the direction of tree fall. :Figure 3

represents four  such sections of mounds and :its vhich nra typical of {ho

different ago classes and which occurred on relatively /evol vurfaccs. The

ages cf to sections are as follows; Mound and rat r3. 1, 14 years old; 7j. 35•

137 years old; 171o. 17, 317 years old; and Ile. 4 is between 450 snd 550 yenre

old. The gross characteristics of tbe profiles can to delineated when color,

texture, consistency, and arrangement of the horizons rare cased as criteria. In

Mound and	 110,1, the youngest of the four, the crovs characteristic e can

to groUped to form four major armtomical foaturos:

I.	 Region of deposition: the pit side of the uprooting where a
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large portion of the mineral material picked up by the roote

is destined to fall.

II. :legion of pivot: the mineral earl: which either provided the

anchorage for that part of the root system which acted as the

fulerma in the uprooting, functioned ss the fulcrum iteelf,.

or both.

Ii/. Region of overburden potential: that mineral and organic mass

on tha mound tide of the uprooting which is held in sunel.en

by the roots and is destined to fall upon the relatively undis-

turbed surface of the forest floor.

IV. Relatively undieturbed region: the eztremitios of the section

occurring at both ands and t depths beyond the regions of

general disturbance.

These four anatomical features in the youngect profile aay be found in

the older mounds and pits, and their development traced over time. They may
1-10,,c0/005

be considered as,,nnaIeg=e-parts.

The profile of sound and Pit No. 1 has a generally di erupted appearance,

the four regions having a blockwise arrangement along the length of the section.

Color, texture, and consistency of tho soil are extremely variable across this

section, but quite consistent within each region. Only at the ends and depths

beyond the regions of disturbance to there any reeemblance to valid hor 4 one.

These characteriotico prevail in Xound 35. All four of the anatoaical fenturee

which occurred in the youngest section are still apparent in the.157-yenr-old

one. The overburden potential, however, has changed to actual overburden by

having fallen upon and buried a small part of the pro-disturbed forest floor.

When the older profile of Mound and. Pit No. 17 is compared with ths

profile of No. 35, marked differences appear. The four major regions are still

present, but they are beginning to lose their identity. The "blocky" effect is
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no longer so pronouncod in the older sketion. A more nearly uniform

appearance has been created by the changns in color, ferns, and arrangement of

the regions'. The colors are more nearly compardblo, the forms have boos

olongated, and a horizontal relationship of th* regions is being approached.

The cross section of the oldest mound and pit, Lo. 4, praeonts a profile

wnich is almoet uniforal in its general appear nee. Color, tentoro, consistency,

and arrangement of horizons break down as criteria to diflorontiate trio fcar

major regions ichich characterize the youn..7er seotions. Live rogioss awe no

lorw;er present as lndividunl entities. The coil-formin; 1,roccroos appear to

have had almost enough tiao to eraoe the &TOLL: =prow:alone of -a:rooting end

to develop a "normal o soil profile. 'diguro 3 repreeonts,in many respects, tha

development of a coil profile over time. Only the groes Aspects of the individ-

ual stages have been described here. Zotsver, this approach, coupled	 a

detailed investigation of the physical and chemical properties saxes as that of

Lutz (l9)), would parait cozparntive (-41.1plyeee.

Moro eo‘tenolvo research, involving over 30,C00 miles of tr..voling,

conducted, to determine the occurrence of uprooting in other forest rezions. The

area included the United Etatca east of the Continental 'LlviLlo al.d the Maritime

Pro,rinces of Canada. Almost without exception, the c-;.vidocco of u,:rootiag vas

apparont throughout the naturally timbered regions of this area. :i4 micro-

relief of mounds and pits wae oboervod to lo um -much wonaracteristio of the

forest a the treoc. The uprooting of trees may well be coatidarc.d a zonorel

natural proceoa of the foroots ia oaetorn Ilorthi.morica.

since the process, of uprootina is had upon a caries of natl :ea:;atIzam:4

its causes, expressions, and influences Cr3 highly variable and have aany rami-

fications. lifty-nize of the 62 mounds uad pits on the presont rosoarda araa

have been attributed to uprootinge resulting from winds of hurricane ori!, in. •

The more extensive the observations of uprootings, housvere the more significant



b, sce.qes the re.dithtion thal,•  the uprooting process ennnot bay v.lece;;;Iftlly

rationalized If baz.ed c.olelytreoz. wads of LL:ric.x.e ano torn )..co forco.

3efore uprooting can bo placed tn 	 pxoper rA:ropectivo at a donural feroet

prceosa, u broacer busis o2 hno $:lo,Ico mc• be oaployea.

The causes v uprooLink; Lae maay arZ, va. ried. I.4.zie ::.11y, all n„Jrcotincgs

ara depoadent upon 	 forca of .i.avity. Llhevie. Iviad	 y;r ;:J ly a L:eY

f&otor in most uprootiaga, 11114u:41er of larrica,ao a.1• turh-lao forao or of tho

teaccnal vz,riaty. The fa.ce4.t which has devalo ..,,c:. a,nd cruva up Lr. r. ;L:1.4.,--f.,:ot1y

calm atlaosphora iu d1J-icul. to imagine. la	 ull uprootitgc may

be considered a* laechuais-/. ilewaver,	 fact,ors, aeoat.; which aro aot

ihheren.ay nechau'cal forces, can he in6Vcamontal in up;'ootir,;(. 1111Gy

to creuto the eircuLlstunces which are favomblo for uprooUng. gla.1 aay La

considered as physiolccicul causes.	 Thu factors ef uprootirz may'c claaai-

fled o4 io11.0"44:

wind	 pathogsaa
ice	 in
=CV	 fire

senility

Uschanical uprooting is uswily :.'sseclated vith a direct ph7eical force

other than that o::orted by gravity. :?h,;z;lclogiel11 v.proottng, la cantr-4t, ia

depam,ent caner :Illy upon tho fal‘ce of c;rrr.tity nctinz npoa eli3 rr.=

coa...4-on.by u tree that is in a woak ,- ^d ' r.'"cal •

of traea is ordinurir	 riult of a senbla,-...tloa of facto:7s. Therefore, it

is OZ y2 	 difficult to ascertia the primary agent that 11:.3 responsible for

a partictaar uprcw,t•inz. Thu Llowdowns or ../inithrows resulting from h.'	 cinea

and torivoloao saes perhaps tha moat apectacular of 113ehaniell uprootin::s. Thy

also demonstrate the mort clearly definable primary • eause.:vela tha ha-Zthiest

of trees are uprooted if subjected to winds of extramo v.:loan:I an! duration.

Ice aid snow likewise appear to function as sole agents of uprooting if the

7
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accumulatione are heavy onough. Ordinarily, however, uprooting iz the expres-

sion of a.combination of factors. Trees in vnriout ?Anger; of eenility ara

coldom totally sound. Occasionally, oven the elichtost irI z 7 of .A.nd Clvl

them over under certain circumztancon. Enrolen 	 ever, deoe'the aerial :,:er-

tion of a tree develop co that it is perfectly balanced. The force of gravity

coupled pith root-specific pathogens, fire-weakened root eystems, ineects,

water erosion_, seasonal winds, or a combination of ony or all. result in the

uprooting of uncountablo numbers of trees.

nven though the primary causes of uprooting are extremely difficult to

differentiate, it is basic to further reasoning that at least the gross variables

be recognized and considered. Extenolve field observations indicate that the

frequency, occurrence, and principal cauceo of uprooting vary from place to

place and from time to time. Nevertheless, the variations tend to be related

fundamentally to the geographical characteristics of the region: location. topog-

raphy, vegetation, and past land use history, to cite only a few. The eaetera

coast of the United States and the Maritime Provinces of Canada are rocogtised

as a general region of hurricanes. There has been cufficiont evidence in both

the historical and recent past to juetify this designation. The meteorological

components of the hurricanes that pats over this region admittedly are extremely

variable. Eeverthelese, the manner in which the forest, as one of the

cinal constituents of the landecapes reacts to the forces involved cnn be

related directly to the species, agoz, physiological condition of the tree:,

and even to the past practices of land use imposed by the vagaries . of society.

On the other hand, physiological uprooting may be more cignificnnt in CX,M3

regions than the modhanical. :von the cursory research that has been devoted

to uprooting rovealc the exietence of distribution patterns of characteriztico

that are mappable.

The trees of the "primeval forest" (Eartahorne, 1939) had two general

destinies: uprooting, or piece by piece disintegration in place. It is imp os-
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Bible to conceive of any forest in tho pa t that has notbe-sr. influencea

in some manner by the process of uprooting. The trees of today l s forests h,ive

an additional possible fate: to be felled by logging. rovertheless. tho uproot-

ing proeoss plays An important role in the development of the forest %.o 11 whole.

With this degree of perspective, uprooting assur.tos the praOrtioas of a

general process of the forest; and as a procez s. it can be coneiderea in the

same way as other generally recognised forest processes. such as 1-oh, repro-

duction, podsolization. The recognition of uprooting as a procose. therefore,

is essential to a batter understanding of the development of the foroet.

1	 !
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Research in the Biological Aspects of
Forest Production'

Earl P. Stephens
lia r ya ril forest, Petersham.

Alassineloisettu

WHETHER we like to admit it or
not, forest production is a highly
speculative proposition. The degree
of speculation in the future will be
related to the demands that society
places upon the forest potential and
the rate at which silvical knowledge
is accumulated. One of the great-
est deficiencies in the production
aspect of forestry today is our gen-
eral lack of ability to predict the
species, form, and volume of the
trees that will be growing on a par-
ticular area at a given time. This
deficiency stems from the fact that
we as foresters are working with a
wild crop, and we simply do not
have the degree of control which
permits accurate prediction. Mod:
ern industry, the bond between for-
est potential and society, requires
realistic predictions in order to
function properly. Ultimately,
sound decisions as to production
policy must rest upon a firm foun-
dation of knowledge; a knowledge
which inevitably will be basically
biological due to the inherent char-
acteristics of the forests themselves.

Many problems of forest produc-
tion have become apparent, al-
though a great number remain to
be generally recognized before they
can be delineated and rationally
approached. Our difficulties seem
to originate from two major
sources. 'When one views the first
source with an extremely broad
perspective, it emerges as the
myriad of imponderables involved
in the forester's attempt to evalu-
ate the sum total of the reactions
between the genotypes of the forest
trees and their environments. This
is what the forester is trying to do
when he predicts the site quality
of a wooded area. The second
source of difficulties is as specific
as the first is general. 1 t involves
the factor of time, an element which
can be measured precisely and the
requirement of which is consider-

'Paper presented at the Winter Meeting
of the New England Section of the
S.A.E., March, 1953.

able for the life cycles of most of
our native tree species. The influ-
ence of time in the biological re-
search of forest production has no
parallel in any comparable area of
investigation.

Methods of Approach

Research in the biological aspects
of forest production can follow sev-
eral methods of approach.

Experimental.—T he one which
will ultimately provide the major
framework for scientific silvicul-
ture is often referred to as funda-
mental experimental r e s e a r c h.
Here, elaborate equipment and in-
tricate techniques are employed to
break down the physiological proc-
esses of plants into their physico-
chemical reactions, isolate them,
and measure their variations under
controlled conditions. Control is
essential. The major efforts of plant
physiology have been devoted to
the lower plants and the herbaceous
members of the higher plants. The
application of similar experimen-
tation on trees creates a whole set
of problems of considerable mag-
nitude. The highly trained plant
physiologist in this country who
concerns himself primarily with
trees is rare indeed. One might
even say that the science of plant
physiology has not developed to the
stage where trees as individuals,
let alone in the form of forests, can
be observed efficiently. One could
probably state further that the
basic problems related to the re-
actions of a tree with its environ-
ment are not in the hands of the
forestry profession as such. This
is not an admission of failure on
the part of the forester but one of
realism, of challenge. Here, then,
lies a whole area of research re-
sponsibilities, a pa r t of which
could be shouldered by the "forest
physiologist," if for no other rea-
son than to assist in the recogni-
tion and decsription of the basic
problems.

Empirical.—Another mode of re-
search is as old as man and is the
trial-and-error or empirical meth-
od. This manner of learning was
largely responsible for the changes
wrought in man's existence from
one of a gatherer of wild plants
and animals to one of a cultivator
of domestic crops. Our whole civil-
ization rests upon it. The primary
difference between this mode of in-
vestigation in silviculture and in
agriculture is the time factor that
is so strongly in favor of the latter.
The agriculturist also has at his
command the advantages of over
three thousand years of experience
with a comparatively few food
plants. The silviculturist has as his
backlog of experience a few hun-
dred years with a multitude of tree
species.

Empirical investigation in forest
production has been primarily de-
scriptive chiefly because of the dif-
ficulties in achieving an adequate
degree of control. Its motivation
has been the pressure of practical
problems: Plantations and sample
plots of differently treated areas
generally fall within this realm of
research. The value of such re-
search will be related to the man-
ner in which it was originally con-
ceived, and the amount and quality
of the observations recorded dur-
ing the many years of its continu-
ous maintenance. 'When one con-
siders the complexity of the prob-
lems involved, it would appear that
a multitude of these projects will
produce nothing more than a crop
of trees, and many of these at great
expense. The trial and error ap-
proach is very apt to defy accurate
description, interpretation, and du-
plication.

Historical.—The third avenue to
the biological problems of silvicul-
ture can be referred to as the his-
torical method. This mode of in-
vestigation also has been employed
for a long time. It is no accident
that the major wheat belt in North
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America occupies the area which
only a century ago was dominated
by the mid-grass prairies. Trial
and error, environmental manipu-
lation, and genetics have altered
the boundaries, but the outlines of
the original vegetation still are al-
most intact. In this approach, the
plants are considered as integrators
of the total environment. Investi-
gators attempt to reconstruct and
interpret the expression or trends
in the development of the ' vegeta-
tion in the light of what has gone
on before. With an historical back-
ground in hand, they can be more
intelligent about what to expect
in the future. The reasoning is pri-
marily inductive.

Climate has often been defined
as the succession of weather. A for-
est might be referred to as the
product of a series of "nature's
experiments." In this respect, a
forest might also be compared with
a technical library. The experi-
ments are not cataloged but they
are there just the same and need
only to he recognized, interpreted,
and evaluated.

One should be very conservative
in appraising this means of deriv-
ing information. The method is
chiefly one of fundamental descrip-
tion. No basic quantitative data
regarding physiological processes
or facets of the environment will
result. The whys and wherefores of
plant distribution will not be
solved. However, definite facts of
presence and absence of tree spe-
cies will be exposed. Major fluctua-
tions in the environment and the
gross expressions of the tree vege-
tation to related elutm res can be ob-
served. The Iinie faeor, always so
influential, can be telescoped by
meticulous application of simple
techniques and judicious observa-
tion. The results of many years of
"nature's experiments" can be
scrutinized within a comparatively
short time. Ne NV problem areas can
he exposed and subjected to more
elaborate experimentation.

The experimental, trial-and-error,
and historical appronehes to the
biological aspects of silvieultu•al
research eannot stand alone. All
three, particularly the first, must
of necessity take into consideration

the principles of genetics. Eventu-
ally, all silvical knowledge must
have genotypic qualification. Genet-
ics can provide an impetus to forest
production. The recognition, selec-
tion, and creation of particular
genotypes will not only make it
possible to grow better trees faster,
but also assist in the analysis of
the environmental complex.

Silvies, commonly defined as the
biological foundation of silvicul-
ture, is in its embryonic stage of
development. It is destined to be-
come a science of synthesis, depend-
ent upon the contributions of the
allied disciplines for its foundation.
The nature of the problems de-
mands the application of the ex-
perimental sciences for ultimate
solutions. As a result, answers will
be a long time in coming. One
might rationalize the situation by
considering experimental research
as the long-term approach, and de-
scriptive research in the form of
trial-and-error and historical meth-
ods as short-term approaches. Of
the three, the historical is perhaps
the least time-consuming. When
one considers the present status of
the development of silvics, the com-
plexity of the problems, and the
importance of time, it would also
appear that the historical approach
could be employed to the greatest
advantage now toward the con-
tribution of partial solutions for
the silviculturist in the woods.

Application of Historical
Approach

For a period of two years the his-
torical approach was applied to an
area slightly less than one acre,
situated on the Harvard Forest in
Petersham, Massachusetts.

The original objective was to
trace the development of the vege-
tation to precolonial time, about
1730. The area was chosen because
it supported a stand of trees, and
it was accessible. The first proce-
dure involved the construction of a
10-foot grid which permitted the
seen rate location of any observa-
tion one eared to record.

A series of maps was constructed
to the scale of 10 feet to the inch
which described:

All stumps, dead tree boles
and large fragments of wood lying
on the forest floor.

All live tree elements to a
minimum d.b.h. of 1 1/2 inches.

All live tree elements rang-
ing from 1 1/, inches in diameter to
the smallest recognizable seedling.

Contours of the forest floor
to an interval of 6 inches.

Boulder concentrations on the
surface of the forest floor and all
individual boulders to a minimum
diameter of 6 inches.

. Present forest canopy.
Along with map construction

other procedures were as follows:
I. Specimens of all the stumps

and wood fragments were collected
for identification and age deter-
mination.

2. As the tree elements less than
11/2 inches in diameter were de-
scribed, a section for age deter-
mination was removed from the
base of each coniferous seedling
and from the base of the stem and
primary root of each sprout hard-
wood.

The 6-inch contours vividly de-
lineated the mierorelief of the area
which included over 60 mounds
and pits created by the uprooting
of trees. The next major effort con-
cerned the mounds and pits exclu-
sively. Each was sectioned at right
angles to its long axis, to depths of
from 2 to 5 feet. Ten sections, the
ages of which could be most closely
determined, were profiled to the
scale of one foot to the inch. Only
the gross aspects of the sections
were observed : color, consistence,
texture, and arrangement of hori-
zons. The remaining sections were
diagrammatically profiled to the
same scale and described. Coinci-
dent with sectioning, specimens
were collected of buried wood from
the trees that had been uprooted,
buried organic layers of the predis-
turbed forest floor, and charcoal.
The wood and charcoal were col-
lected for identification, as was the
pollen content of the organic layers.

The final stage in the field con-
sisted of chiarcutting the area. See-
tions foi height and diameter
growth reconstruction were re-
moved at 4-foot intervals from each
tree. So much for the general pro-
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cedures except to say that the labo-
ratory analyses involve a terrific
volume of labor. Approximately
10,000 individual specimens were
collected.

Findings

One of the first .facts to be re-
vealed was that in spite of at least
two major logging operations, four
perioN of wind disturbance, and
fires, the area had supported trees
'continuously since precolonial time.
This fact has a significance which
perhaps is so elementary that its
real meaning is forgotten : that in
this general region of the United
States the developmental trends of
the vegetation are climaxed by
trees. This is the basic premise
upon which our present-day silvi-
culture and forest management are
founded. The concept of plant suc-
cession was derived from the disci-
pline of plant ecology, and pro-
vides the forester in New England
with the basis for a reliable predic-
tion : that any area in New Eng-
land—those of obvious environ-
mental extremes excluded—will
produce a crop of trees if given
enough time.

The majority of the trees whose
uprooting had caused mounds and
pits had been alive and quite large
when uprooted. The individual
characteristics of the mounds and
pits indicated that at ]east four
major periods of wind disturbance
had occurred over approximately
the last 500 years. Recently I had
the opportunity to travel over 5,000
miles to the Cumberland and
Smoky Mountains, south through
the Piedmont Region, then west
across the Mississippi Delta to the
Quachita and Boston Mountains,
and back to Massachusetts. Prac-
tically everywhere one looked
mounds and pits of uprooted trees
were found. One has no difficulty
finding the same phenomena in
New England. The evidence on the
ground is substantiated by accounts
in the literature of innumerable
storms of varying intensities since
colonial time. I have come to the
conclusion that the mound and pit
microrelief is as much a character-
istic of the forests as the trees
themselves. The question that I am

forced to ask myself is: how does
disturbance of this magnitude and
frequency affect the climatic climax
concept of vegetational develop-
ment, a concept upon which much
of our silvicultural and manage-
ment practices are based? The cli-
matic climax concept is foillided
upon a degree of stability that
appears never to have existed in
many forested regions. What ad-
justments do we have to make in
our silvicultural reasoning to ac-
commodate the influence of uproot-
ing, of instability? Can the dis-
turbances be predicted with re-
liability? Can the regions most af-
fected be mapped?

The insertion of a disturbance or
instability concept forces one to
ask the same question about the de-
velopment of soils. On the area
under investigation it is possible to
ascertain three different ages of
soil surface within a horizontal dis-
tance of 20 feet. Over the area in
general it is impossible to select one
profile that can be designated as
"typical," "normal," or "ma-
ture." The influence of instability
upon soil genesis would appear to
be an important consideration.

The stem analyses vividly re-
vealed the height growth of the
trees as individuals and of the
stand in general. The hardwoods
of one age class showed a period of
pronounced decrease in height de-
velopment. Further observation
indicated that about 70 years ago
the crowns of this age class were
mechanically damaged. A severe
ice or glaze storm was probably the
agent involved. Regions of frequent
and severe glaze storms are recog-
nized by the electric power com-
panies throughout the United
States. So aware are they of this
phenomenon that critical areas have
been mapped, and in these regions
adjustments have been made in the
equipment employed to accommo-
date the weight of ice accumula-
tion. What influence do ice storms
have upon tree .height growth and
consequently upon the development
of clear log length? Is clear log
length actually limited by ice in
certain regions? Can the frequen-
cy and Occurrence of ice storms be
predicted ?

Ilad a forester cruised this par-
ticular area periodically every hun-
dred years starting in 1650, his
tally sheets would have shown quite
different totals in regard to com-
position, dominance, and, of course,
Volume. The chances are that he
would have assigned a different
forest type designation to the stand
that he found there each time.
Which one of these "forest types"
was real ? Which one represented
the true biological potential of the
area ? One might ask the same ques-
tions concerning the many different
forest types now recognized in New
England.

I have attempted to describe my
concept of the historical approach
to forest production research. I
have cited only a few of the gross
expressions of the vegetation to its
environment- and the simple tech-
niques involved in their observa-
tion. It would appear that this ap-
proach could he applied very ad-
vantageously at this stage in the
development of scientific silvicul-
ture. Its major objectives could be
the determination of the "natural"
biological production potential of
forested areas and the degree of
flexibility they present to environ-
mental manipulation. Admittedly,
most of the information derived
would be descriptive in nature and
would undoubtedly fall by the way-
side as the experimental sciences
came into play. Regardless of the
nature of the knowledge, it is need-
ed now, and much of it is destined
not only to provide a framework
for further investigation but also
to contribute to the basic founda-
tion of scientific silviculture in the
future.

A basic question involves the de-
gree of accuracy with which one
should expect to predict the bio-
logical potential of an area. There
are innumerable agricultural areas
in the Midwest. for example, that
have not experienced a crop fail-
ure in 50 years. I do not imagine
that the proprietors of these acre-
ages would have any difficulty
financing improvements through a
bank loan. However, move these
same areas west near the margin
of the 30-inch annual precipitation
zone and observe the degree of
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speculation mount. The inherent
characteristics of our forests will
never permit the degree of predic-
tion exercised in agriculture. How-
ever, a forest industry should be
able to undertake a land procure-
ment program with reasonable cer-
tainty that the acreage they obtain
will meet the demands which are
to be placed upon it. A silvicul-
turist should be able to realize the
risks involved and the chances of
attaining his objectives when he at-
tempts to grow trees with two clear
logs of a particular species and size
in a prescribed length of time. As
we learn to manipulate the environ-
ment to coincide with the silvical
requirements of a plant, or to ad-

just the genotype to the environ-
ment, we shall be able to predict
results more accurately.

Conclusion
In the future, I believe that we

should be very realistic about our
research in forest production. Not
necessarily practical, but realistic.
All scientific investigation consists
of accumulating observations. The
subjects being scrutinized vary tre-
mendously as do the techniques em-
ployed. Nevertheless, the first ob-
jectives are the same : the record-
ing of accurate observations. Ulti-
mately the data are synthesized.
Conclusions are derived which lead
to a partial solution. Another facet

of knowledge has been exposed, and
an additional plane has been estab-
lished on which further reasoning
can be based for an approach to an-
other set of unknowns.

During the initial stages in the
development of silviculture, the de-
scription and empirical methods of
research could probably be em-
ployed to the greatest advantage.
After these have been exploited to
reveal the gross biological phenom-
ena of forests, the application of
the experimental method will come
into full play. It would also appear
that the forester could accept more
of the research responsibilities per-
tinent to the biological aspects of
forest production.
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The dynamice of vegetation were recognized by Thosphractus 070-

235 B.C.). Plant succession is now a widely accepted principle. The

developmental trends of vegetation, however, are difficult to document,

o ppecially when the plants involved are long-lived treed. One of the

common approaches to the study of vegetational trends relies upon the

periodic description of permanent quadrats (Clements, 1935). Since tha

research woeker mast wait for the vegetation to develop, the factor of

tine is a serious hindrance. Another method is based upon the compara-

tive analysis of several quadrats, each of which represents a genetically

related, sequential stage in the development of the vegetation of an area.

This techniqae, though it does avoid th time factor, recto upon the

assumptionsthat the stages selected for description are valid, and that

they will develop as expected. The first approach to the study of vege-

tational trends takes time, several handred years in the case of trees,

while the second is based largely upon deductive reasoning.

Another method of studying forest trends was employed in the currant

investigation. . This approach considers the forest as a product of

Datum's experiments, a long-term series of reactions between the trees

and their environments. The investigator endeavors to describe and

interpret these experiments as objectively as possible, tracing them into

the past as far as the available evidence Will permit. The =athoa is

primarily inductive. By its judicious application, the student may bo

able to observe on a single area, in a relatively short time, the major

trends of several hundred years of forest development.



chronolog of the major sequences. Tim o. tha student is able to visual-
.

2.

As a product ofNaturo l s experiment:4 the foroet might be compered

to a technical library. The exporimente in the foroct, however ' are not

catalogued: noverthelese, the reculte are there, and need only to be

obeerved and interpreted.

The evidence of vegetational change that ic preeent in the foroot iz

highly diverse. As stated by 7,alley and Spoohor (1929):

"The forg et le an exceedingly complex biologicel
unit. It comprines not only a more Cr less
diversified aggregation of trees ' bit numercas
species of ehrubby nnd herbaceous plants. fungi,
insects' herbivorous animals ' end a co7aem eel/
fauna and flora. In other wordc. it coasiete of
a very large number of mutually interacting organ-
/ems which are affected by, and theneelvez nffect.
a complex of environmental feetere.11

The current method is based upon the meet conzeicucas eeldence in e.

forest: that furnished by the trees. Trees have the inherent cepacity

of providing directly and indirectly t'o general kinds of evidence that

reveal forest trends: concrete and implied. raamploo of concrete evi-

dence ore the trees themselves, alive or dead; otuaps; fracmcnte of weed:

charcoal; and maands and pits resulting from uprooting. The implied

evidence is founded upon known silvical charapteristics and recognizable

reactions of trees to the complex of onvironnental factors. 2uch evi-

dence includes the general ability of hardwood trees to sprout from cut

stump s, ' the influence of foliage-eating incect epidemics.. upon radial

growth, and the occurrence of trees crowing in perched positions above

the general level of the forest floor.

These two general .nde of evidence provide not only basic eumatita-

tive and qaalitative data pertinent to developmental trends, but aloe a
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iso the forest as it has devoloed over time.

This per is a description o tho hictorical —devolopment3.1 method

a2plied to a forested aroA of eliahtly Lass than ono caro l on tho Forvard.

Forest, Petersham, Massachusetts

1. 0.89 . of an acre.
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reprinfe,

A 10—foot grid 460 feet long and 84 foot vide was eetabliehed on the

research plot (jig. 1, Plate 2). With the grid az abase, a ecriee of

mapa 10 feet to the inch was constructed of the following:

All trees and etureps 1.5 inches and lergor in dinmeter

inside bark at breast or etupp height (Age. 2. 3. 4).

number wes assigned to each live tree, dead tree• stumps

and multiple clump. •

All large fragments of wood lying on the forest floor (7ig. 5).

A fragment vas considered that portion of a tree which cvald

not be related definitely to a specific tree or stunp. 7eur

kinds of fragments were reeognized: boloa, bolts. branch

spikes. and ncadaacript massee. They ranged in length frea

one to several feet.

Incidence of charcoal C?ig. 6).

4. Oontcare of the forest floor to an interval of 6 inchee

(Pig. 1, 'Plate 3).

A total of 689 numbers were aseigned: 444 to live treee t 122 to dead

trees. and 123 to etupps. Included in the multiple cl=ps were 22 llva

boles, 43 dead toles and 221 stuiaps. rsa!eing a grand tots/ of 975 boles

and st'i 	 on tea recearch plot (Table 1). Thirty fragments and the

lecatione of 23 occurrences of charcoal were mapped (Tablas 3, 4).



Pescri,Itien of Trees, ritur1,1, and rrrnts •

Dash tree, stump, and fragment was considered an individual cake.

The descriptions were as objective as possible, and incladol any Obs,.:

tion ' that might contribute to the datormiuntion of no forost stc.na3

had z.r .:,wn'on the	 plot (.4.1.10 2).

Az the trees, stumps, and fragments were numbered and mapped, tivzy

were described as to:

Species

Average diameter inside bark at breast and stump heights

Physiological condition (alivo: dead)

Croua classification (live trees)-
Dominant
Codomiannt
Intermediate
Suppressed

e. Loaning 	 partially uprooted

Form of bole and crown (live and dead trees)
Open-grown (Plate 22)

b. Porost-grown (Plate 21)
ry

Position on the grcana
Stamp (Plato 15) a. Pit
Log (Plate 6) Eouldor (late 8)

C. Jraand (Plato?, 40,41) 7ore-st floor

Cri in'
Sec: ling
Stern-sprout. Parental stum-p 1.5 inchos or
larger in diameter (Plate 5).

8. raMber of gonorationa re:prat:Gated by eae stamn-eprout
clump and the diameter cf the stumps Mato 42).

Incidence of charcoal nt be (Mato C)

'Hat-Tien, 1937.

hero the seed had gariainsted and the troa originally had become
established.
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031	 Live hemlock treo, 21 inches D0.3.n., dominant,
 has 1r,--.7z(1 lateral branches extending to within 10

foot of the ground. Crown is very broad. ,5u to
60 foot in dilmeter. Could indicate that this
tree crow most of itz life under open-gro ,,:n Ciondi-
tions. lIrenchos are sparse on northern cido up
to about 40 feet. There are two rod m)%ploz grow-

to the north about 15 feat away, but it is dif-
ficult to im--?ina that they could hi...vo influenced
the crown dovalopmont of the hemlock to this entont.
Vero there other trees nearor at ono time. and evi-
dence of them has disappeared?

Diggin5 around the base of this tree o=posad the
following:

Looso boulders and cobbles aro underneath this
tros. Around the bane, on, the south, eat, and
northern sides, are heavy accumulations c org-ais
mattor. Kowever, immediately under a rather thin
layer of organic debris on the weotera and •north-
western sides, the soil is a light yellowish brown,
shove hardly any evidence of ?caching, =O. 	 vory
little incorporated or 	 matter, swoowhat the
Characteristics that arc associatod with tho 0 horizon
of tho area. Under this vino =l Loll 	 the
roots of the hemlock is a sizable ams,:nt of t:osi. C:=0
picce, caitc smIna, is white winc. The :rdestion is,
how did the frosh-loe!ting mineral soil got on to!) of
the old wood? The grain or tho t:00a is .prasticaily
parallel to the forest floor, and ite configaration
ouggeots that the wood came from the be of a tree.
About the only way to account for this phenomenon is
by the u2rooting of a tress. This lArge hemlock

havo grown on an old white pine otann, as many
do, but practically unweathered. ::inoral soil on to of
tho wood could not be accounted for ia this =nor.

There is a lot of charcoal proczat direct'! y =dal-
this roots a the hemlock.	 he charcoal iz ia s_all
pieces. The tops cf the bonr.ors, tlIon
hemlock is growing, can be exfoliated readily in
email pieces. 'Auld fire 11-.ve =As these surfaces
more subject to disintegration?

Tree 330, a 4-inch hemlock, is grow:hag within 2
feet c x.33l. One of its larger roots has 0.72
upward at a very porcaptiblo angle aad into th3 ;Ado
of the slight elevation on which the largo he7:lock is
growing. The root is no	 suspendoi in mid-air with



no organic or mineral matter touching it from a few
inches whore It originatos until it enters the
ground almost a foot and a half away.

,)ueetion: D11 fireor fires osour before or	 6
vprooting of true, or both 	 Obsorvatious:

He indication of fire on prosout troo
boles or reote.

Ohnrconl directly under roots on car—
faces of boulders.

• Present organic accumulations chow no
evidence of bnving been burned.

4. Old wood under tree shows no signs of fire.

:tfarazsent 32 174 ••

Chestnut tole lying diagonally across the plot
tsar trees 2;7492 and =506.	 r:he bolo is nbout 30
foot long. The larger or nor end is =pro:7:i-
mately 2 feet in diameter, while the other and is
about one foot. The ditoters are diffioult to
determine because the bolo has flattened cat due to
docay.. The big aza still has a saw line on it.

Directly in line with the bole, about 51 feat to
tho northeast and off the plot, i3 'a hugo chestmat
stump 5-1/2 feet in diameter. The chestnut was cut
as indicated by the saw line. :To othor chestnut
tuns in the local area are of proportions similar

to the prostrate bolo. The evidence sujtosts that
the bole belongs to the large utunp.	 if so, alnest
$0 feet of logs were, rellovad from between tl-e part
of the bole that is lying on the gruaad and. this
stunp. A:prroximatoly 80 foet of trao could be
reprozonted "more, plus 20 feat more that rdeat Lava
omtendod beyohd the small end of the bole. The
total height could have boon about 100 feet.

One hundred twouty-four annual ri 	 were counted
on the lerge end of the bole, inclu 	 about 7.5
inches of its radius. W4at proportion of the total
radius it included ie not known. How old could
till:: tree be at the stump? .



9.

N ecr I rtion or l 'ounds and rit!3 Posaltim: frr;-7 ``nr0ei-~* of "v•-'

eThere wore 62 1 perceptible mounds and pits on the research plot that

had resulted Zrc'm the uprooting of trees (rig. 26).	 ZJvca 01 these

mounds and pits, plus three2 others that occurred off of the area but in

the immediate vicinity, were selected for intensive investigation.

(Fide. 8-16). Each uprooting was tre%tod 413

;accord made of marretic hearing of tree fall.

& cross section was excavated. through the maand and

pit approximately at right angles to their long axes

or parallel to the direction of tree fall.

3. The profile and gross anatomical fotares of tha

 

cross caption wore plottod to the scale cf one 2act

to the inch. Color, consistence, end texture of the

soil were described under field conditions as the

cross section was boil a dag or immediately after.

The colors were measured by comparison with a

thInec113 color chart. Consistence was dotermir_ed by

  

the degree of resistance offored.by the soil to ex-c:1—

vation and deformation with a pick and Shovel, knife,

and hands. Tex •aro was determined by rubbing the

coil separates between the fin-ors.

•I•••■••••MIONOI.

  

rvidence of another urrocting W3,3 ftrallaa The our and pit
ob^sured by tho presence of henlool: ';'3:31 (Zoo p. 7).

These three mounds end 	 wore selected because thc:Ir df ...t.2; of
origin could be determined very closely fmn the cr;ce of teas live trees
that yore perched on them (7'1!Ites 32. 33. 39, 40, 41) . ncf.i wore aoz-
ignated as "A," ir.3," and "C.0

3. Muncell Color Company, Inc., 10 Nast Franklin St., Baltimore 2, Md.
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Ae the cross ssntions ware excavntod, specimens were colleeted of the wood,

remnants of the pro-disturbed ferect floore l and charcoal that had been •

buried by the mound and pit.

Thirty-nine mounds and pitc were investigated in a manner eimilar to

the first ten, ozcopt that the anatomical features of their crone sections

were plotted diagrammatically (gigs. 19-2J.). The remaining 16 upceotings

obviously were the result of the 1933 hurrlcane. Only tho profilos of

their cross sections ware plotted (rigs. 17.419).

Start tmalvr.i0 

There yore 666 nuMbored live nad dead trees involving 631 toles ea

the research plot. 'They were felled and treated as follwis:

Thrco hundred and t ,Jenty-tve toles were secticned for

stem - analysis. Cross sectiens ware saved from eadh

at poi to directly above the root collar, 4.5 feet

from the butt, and every 4.0 feet thereafter along

tho entire length of the 1301°2 (Plates 23, 24, 25;

Table 5).

A cross section vas saved from directly above the root

collar of an many of the remaining 209 boles as pozziblo.

3. The total height of each bole was meacared to the near-

est 0.5 foot.

The buried organic layers are apt to contain pollen and spores, 0: the
plants that ware present at the tine the uprootiuza ocnurred (Plte 23).

A few of the larger hemlocks wore caved into 8- and 12-Zeot logs.
Lvertge dianators inside b:Irk vero recorded where . the scetions ordinarily
would have neon removol.
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The crOss sections wero taken to tho laboratory and air

dried. The svorace diameter of each was cut cut on a

table saw. 1

.	 .The surface of each /Section was polionad2 with sand,.

paper Mate 26).'

1r.v;1,1-0	 o: :.ma cross
a

ured, and its aco determined.

The cloorcuttinc end sectioning of the trees involved the processinc of

approximately 4,400 cross sections.

neconetraction of Forclt StnnPl. Th'.t rrsa C•ovn on the ract 

Concrete evidence was fauna and analysed of at least 1033 boles 1.5

inches D.D.E., i.b. and larcar that had crown on . the Plot (Table 1). The

ChrOnOlOgiCal oraor in . which the trees had crown is illustrated by ass.

32-42. The procedure employed to reconstruct the stands vs a follows:

A 12 0, hollow-ground planer	 blade was us1.This typo of
provides a very smooth cut surface.

'.?roliminary candinc was done with either a bolt o: rotary oandor )/o
paper, depending unon Lisa o cross section. rinol fiLishiaz 	 e.:11a
with a 271411 electric vibrator sander, usinc a csries c	 i from
5/0 to 14/0, dependinc upon the opocies of wood and the da-rze of f:af._".
desirci. The small sander vibrates in a short arc at a copea of
strokes per minute.

Diameters Of sound cross sections taro mcacured to the	 ,2	 inch;
otherwise to the noarest inch. ',.")1anotcrs of the sections	 at 4•5
feet wore measured both inside and outside of bark: all others !*...ido bark.

The ages wero counted of both radii of cross sections at 4.5 foot. 	 The
ace of only con radius was determined for tho other sections.

5. 975 1010s plus,63 uprootims.	 Soma of tho mounds ond pits could hnva
resultea from the uprooting of morn than one tree.

6.



pve Traor pc—a Trn.on, Sturns 

Construction of nnelro!,7rone 

The radial increnonts of tho following cross soctions wore trans-

ferred1 to narrow strips of papor.

1. All sections of trees and stumps thnt had boon

removed from directly move the root collnr.

12.

2. All motions of roots and branelt'::=ions that 11:4

boon renovod from stumps.

The rc%dial incronents 'were transformed into dendrograms by plottinz the

annual radial growth of each cross section on a horizontal line. The

radial increments were plotted. cn 10 m 10 z 1 inch cross—section paper

with a sharp 6H lead pencil. Ovary tenth of an inch along the horison-

tal equals on© year of ago. The haight of each'sencont is the actual

radial growth for thnt year. sirs. 32-42 have been reduced to approxi -

mately one third of their original site.

A total of 606 dendrograns was constracted.

P.ottinf,	rendro7rnne

The dondro7rans Of the live trees wore plotted in a vertical column:

in nn order auprominating the actual location of the treas on the area.

Graph paper approximately 16 feet long and 4 foot wide Was usod. SpasoS

wore left betwoon the dondrograns of the live trees for the dead troo:4

stomps, root.,, 'branch  wlor1s and mounds and pits to lo inserted later.

1.	 narrow strip of paper was pinced along the radius of the.croos
section and hsld in place, with drafting tr:,no. 7::ith the aid of a Micro-
scoe, the width of oach annual sin was marked on the paper with a Sharp

• 6:71 lead. pencil.
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Once . the dendrograms had been plotted, developmental trends of the cur-

rent stand became apparent 1 (Fig. l.3).

The coincidence between ages, especially of the

stamp sprouts, and dates• of narked increases in

radial erowth rates indicated that the plot had

been logged several times. The most prominent.

datee of logging were 1939, 2 1390,
3 1864 aaa

13:;4. 3 'Several minor oporatione were indicated

between 1364 and 1890, and another in 193$.

The dates of origin of the oldest treee, the loca,-

tone of which were generally confined to the east-

ern half of the plot, euggeetod the occurrence of

another najor event about 1800, probably a logging.

3. The incidence of sndion decreases in radial grouth

rates during 1944 and 19k$, most pronounced in the

oaks, suggested an epidemic o. an insect, a pathogen,

4or both.

The dendrograms, when plotted in a vertical Column and considered
collectively, constitute a usilvagr=.y

The evidence on the ground, as well as Harvard Forest records, indi-
cated that the legging operation of 1939 as conducted to salvage no trees
that had been u-orooted and otherwise damaged by the hurricane of 1938.

3. The actual leggings could have been conducted during the year preceding
each of thee° dates, during the growing seavon of the dates deeignated,
or both.

4. Gypey moth outbreaks of epidemic proportions were described in the town
of Peterehan for 1944 and 1945 (Boss, 3eurr, and Littlefield, 1.91:,7).



A cries of saccessiVe growth rate increases.

between 1903 and 1920, primarily .n. the under-

story hemlocke, suggested an important environ-

mental inflacnce at work. 1

The areal distribution of the effects of logging.

vathoPens, insects, and the 1933 hurricane could

be mapped. Sore affected the whole plot, others

only portiens of i.t 2

16.

Id

1.!

The information derived from the dendrograms of the live trees was

used as al 1tsie for determining the proper chronoloelcal niches for the

dead trees and stumps. Yiret, the stands were reconstructed to 1354,

the earliest important date of logging indicated by the live trees.

3 .After plotting the dendrograms and estimated ages of the ureoe that had

The dates of these increases did not coincide with dates of 10inz
or tree origin. -i'Urthermore, tha distribution of the dater.' formed °seen-
tially a normal carve, caite unlike those rezalting fro= loin, hurri-
cane, or .ncot depredation.

The cheetnut blight was gaining a foothold. in Yassachusetts as early
as 1911. It incidence was quite general by 1912. In 1916, the predic-
tion was correctly made- that the chectnat would be eliminated as a tree
of coelmercial importance within a short ter= of yearo (lane, 1911, 1912.

)1916).,

When the 7ertical column of live troe dc ors ie scanned frcm.
beginning to end, the major date of tree origin and growth rate fluctua-
tione differ from one part of the plot to another. Tho oal:e througheut
the length of the plot tend to decrease sharply in radial growth during
1944 and 1945. In contract, the influenceo of the loing o perations of
1890 and 1854 are most pronaanced on the western It'11.1f of the plc.

3. Diameter-age relationships at stu height were determined for most
of the species. proeont (ables 22-23) (race and Seh=acher, 1942).
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9. Pertinent features of the local area:
:oar major age classes or trees: •

97-93 years old
60-63	 m

3. 17 	 It

i. 14
b. Live trees had car:ed radial

rate increases during 1839-90 and
1935-36•

B. Interpretation:

Since the oak was alive and ha.d been felled in
1952 when it vas 97 years olds its deadrognz
vas plotted to show that it originuted is 18.56.

Stamp 44 - Lspon

A. Basic data: (defer to Tree

9 inches d.i.b.
Stump appears as a hollow cylinder standing
on end. Bar% is still intets while wood
had decompose& (Plate 43).
,;(3 cross section or age available.	 Sec-
tions were obtained from two other simi".L.r
aspon stamps.
'Pertinent foatares of tha	 area:

Concentration of e.milar an:son staps.
Numerous small stump sercuts of other
species that are 17 yPars

c. Other trees c;:ood 1-1.1r:ced increases in
radinl growth rates durinz 1935-35.

B. Interpretation:
When the distributionsof the aspen stu-ps ware
ma.) 	 tho 17-yef-r-old	 harc,,wooins
the tread that demonstrated marhel growth
increases in 1935-3(.s all VC:%, confined to a
small areas on the western eac-o of the plot.
The as-.en sta-T)e	 raulltrd f: c: a minor 10.0.
gin; operation in 19351-	 The estimated life
span cf thn as-wsn stump was plotad co tl.t it
terminz-Acd in 1935. Ito data of on 	 .,:as not
known, but ages of two ether rspen st.aups inCi-
catcd that tho:f had orig:nated bi...twt,on 109D and
1854.	 aorefercs all aspen stamp s wore plotted
to originate between these two daton.

	.1.1•11110101■••••■•■

1. Earvard 17orcet rccords describe ..such logging operations Lurins, 1935
to remove the aspon.
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area '2263 - Dead chestnut

A. Casio datm:

1.	 bolcs, 5 and 6 inches B.73.:2., 	 1.b.
. ].ach bole 25 years old.

Sturm-sprout origin.
Parental otunp is 20 inches d.i.b.
Stump is at least 75 years old.
Stump is the result of a logging opera-
tion. The saw lino is still evident.

7. Pertinent features of the local arcs:
your other clumps of dead chestnut
trees and stumps, all uithin a few
feet of one another.
"To large live trees present. The
closest largo tree is 	 15-
inch henloc17., which increase& sud-
denly in radial growth during 1:;90-91.
Two hemlocks, (254 and ,;7.265, each
3.9 inches D.3.H., i.b., are gro-Ang
within 3 foot of this clump. They
show marked radial growth increaces
in 1891 and 1892 rosnectively.
:ive trace surrounding the area are
predominantly one ago class: CO-63
years old.

3. Interpratatiea:

The date of death of the chestnuts is known to
be between 1903 and 1920. The dendrogram of one
sprout utts tentatively inserted into the vertical
column of the other dendrograns with ita torminal
end falling between 1903 and 1920.	 Since the •
parental stump had undoubtedly been le=cd in
1890, the ensuing sT:routs probably originated the
same year or shortly afterward. Therefore, the
dendrogram was replotted to the right until its
date of origin coincided with the operation of
1890. 1aen the life span of the parental stump'
was plotted, its date of origin nearly coincided.
with the logging operation of 1803. 	 The parental
chestnut might wall hs.va boon of ssealirz-sprout
or root-sucker origin.

1. A cross section was not cut from the parental chestnut stump. Its
age was determined in the field.



Stump 23S Bemlock

A. Basic data:

24 inches d.i.b.
Protrudes about ono foot above the ground.
Bxposed part too rotton for sectioning.
coot section is at toast 103 years old.
Cross section shows extremely pronounced •
growth incroase approximately 53 yoars.
before troo was logged.
Tree had grown on the side of a mound.
Pertinent foatures of local area:	 •

a. A 15-inch white oak stamp, i',209,
within a few feet, had rotted.
ticany to ground level.

b.rees preponderantly of two Ace
classes: 15Z-63 and 97-93 years old.

C. !any tress increased radial growth
in 1090 and 1891.

B. Interpretation:

ho hemlock stump appeared too rotten to have
resulted from the logging of 1890. 	 it also
appeared to have been cut moro recently than
white oak t7209. which probably dated back to
1803. Tacrefore, the deadroram of the hemp-
lock was oriented tentativoly so that its ter-
minal end vas locatod between 1854 and 1803.
'.1hea a few years wore allowed for desay, the
date of the sudden increase in growth at
practically coincidod with the logging date of
1803. AA result, the dondrogram was CO7Ca
back until the two dates did, coincide. Tho
hemlock almost surely wn cut in 1854.

Stump ,!f553	 pine

A. Basic date.:

1. 29 inches d.i.b.
2. At loast 87 years old.
3. Kad grown on upper slope of a mound.
L. Zlad deterioratod to ground level.
5. Root section was at least 37 years old.

Growth toward perimeter was about 13 rins
per inch, while tow=d center it was abeut
Trinze. ilomioe tree %354. 35 yoars'old,
and 2.0 inches DZ.B., Lb., growing on top
of it.

13.
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Live black birch ,; 555, 17.3 inches
and at least 120 years old, is growing on
of same mound within a few feet. Black birch
has straight bole, clear of branches for til:cat
22 feet. Ecuovor, healed-over branch scars.
2 to 4 inches in diameter, persist to within a
feu feet of tho ground. Birch could have
gro ,.in under quite open conditions during its
enrlier yenrs. Only one marl:ed fluctuatIen
in its radial . growth rate, and that is e mul-
den cicerone° is 1.866.
0roun of black. birch has developed dirostly
over stump. 1:o evidence that ere= of tha
white pine had over occunted the same spate.

8. Pertinent features of local area:
Oldest live trees on the plot occur on
this eaetorn end. asir dates of
origin range between 1759 and, 1306•
i:ajor 1o7ging took place in 1803, u-ith
several minor operations lato::.

B. Interpretation:

Vilita pine st=p ,:553 eras highly deteriorated.
much more co than atumps of th3 S=:13 species, end
similar size and grelsth rate on the western part
of the lot. The pine and birch were never con-
torTloraries. Since the eastern third of the plot
h4 been practically clear cut in 1803• this stump
probably was the roualt of that operation.
dendrogram cuald be made. Eouew:r. the pine vas
at least 87 years old. Therefore, its estimated
age, 141 years plusor minas the standard error
of estimate of 23 years. uas plottod.



Urrooted Trees 

"2011Ative	 .r1 of the vermin AO. Pitel 

The cross sections of the aands and pits were cempared. The rein,.

tionship between prefile form cod toter al charactoristies w very pro-

nounced. This coinoidenee botween form and structure indicated that

'curI major relative ago classes existed (Ilga. 8-24).

nelativo	 lUmber of
age class	 mounds =la pito .

yy

	 IS.

V III	 8

7	 15
VI	 18

Perm end Stranture of'the rplor 	 Pr,e Cln.sses

Mach age class of mounds and pits was characterised. by a eat of form

and anatomical features that vas related to its staze of development

(Table 6).

Age Class
Type specimen -- naand and ,it

louod and nit ,11. (':'3g. 8) resulted from the uproot-
ing of red oak !:!25. • Two boles, anpreoltely 10
and 7 inches D.B.F.. and 53 years old, were partially
uprooted. The disturance eccurred on raltivbly
lovol ground, tha boles felling in a 17 ,6* . dirsc-
tioa. The coil is a Jaffrey gravelly fine sandy
loem of glaciofluvial ori:71o. (Unmoor:. 19,9). The
oak was salvaged. in 1939. 2 r.la cross section inter-
sects the western two-fifths of the mound and pit.

1. Profile:
The ram/mum relief between the mound and pit

in vary rronounced, 2.2 feat vertical distane
over a horisoatal .-eta of 2.0 feet. Tho pro-
file is decidedly angular.

L. Two of the relative ago elr:.ssas nreseat invelva4i. only time L
and pits: two in ouo class. and ono to the other.

2.	 to of salvage determined from evidence on th© plot. Corroborated
by Earvard rorost records.
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Arrnnrcrient of soil horizons:
The cross section has the rater:el anpezIr-

anco of having boon greatly dicturbed. :ha
soil horizons nre discentimuousuand their cen-
ts:et with the disturbed regions is vory abrat.
The long axes of tho disturbed regions deviate
sharply from the horizontal.

Pit:
The amount of litter accumulation and the

degree of orr7nic incorporation uith mineral
material is negligible.

4, luried soil heri;ons:
-Joao prescnt.=.

5. Muriel Wao 2 of the uprooted tree:
1:one present.

Age Clnse III
Type specimen -- Mound and pit

Mound end pit B resulted from the toppling of a tree
to the south at a right rg1e to a 40 percent elope
(1.7ig. 9). The coil is 'Brookfield stony loam
.(Simmons, 1939).	 lnrge trees were owing on the
mound. One, a blsck birch 18 inches D.B.H. and. 1,6
years old, was perched on column roots co that its
root collnr was alost 4 ft above the crest of the
mound. (Plate 140). The other, s 12-inch hack 105
years old, vse growing on a IwTer /oval within 2fect
of the birch. Thf. cross section intersects the lover
third of VIA mound and pit.

1. Profile:
The m=imum relief between the mound and it

iz 1.0 feet vertical over 4,.0 feet horinoatal
distance. Tho profile is a series of abrupt
carves.

	4••■•••■•■•■■■■■•••••1111

Muried horizons of the pre-disturbed soil were present in m-mly of the
mounds of this age class that resulted from tho toppling of truAl dova-
hill (rig- 16).

Those remains of the uprooted trees which have become buried by min-
eral mnterial and ordinarily cr.nnat be teen withoilt ex .,!avr.,.41on.	 In v:,y
instonces, whole trees ware still prosant that kInd boon .ar=otc;i1 to
the MLUMit; and pit y of ageclase I 	 :5S, 37; 7iz.
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2. Arrangement of soil horizons:
The cross section has the a77earance ofUnen-

formity. The horizons are discontinuous. 	 he
.boundnrioa between the relatively undisturbed
and disturbed regions are elk:tr. The relative
positions of the disturbed reL,dons 	 decIdsdly
asIzaw. The developmont of orgnnic layers en
the carfaco is very irromilar t with accurala-
tions that are deep in the pit and merely a film
on the mound crost.

3. Pit:
The depth of organic accumulation is very

pronounced. The degree of organic incorpora-
tion with mineral material is slight and irrcgo.-
lar, as is the degree of leachinz.

•
Muried-soil horizons:

Muried horisons are present, the most con-
spicuous.of which is a inyor of L141;h1y docom-
posed organio matter.-

Buried wood of the uprooted Voss:
Largo quantitios present.-

Aga Class V
Type specimen -- Mound and pit ;717

Vaana and pit 1,-17 (2ig. 10) occurred en rolatively level
ground, the direction of the toe fall being G 55' IT.
The coil is a Brool:field stony loam (Simmons..1939).
The remains of two stumps, i:2C,3 and 2C9, uora present
ma, the mound. 12203, a homlocic 24 inches in dieter
with a minimum ago of 105 years, had rawUltod from the
logging operatien of 1354. 	 2	 a white 4f,:: 15 inchos
in diameter and at least 127 years old, hnd been felled
in 1303. Two live trees were growing on the mound and
pit surfaces. A.boech tree. ;'210, 6	 and
91 year old, was on the mound.	 A rod

In regions whore podzolization is a dominant ?;;rocesos the A, horizon
is a conspicuous feature of 'euriod soils.

Boa the cross soation boon encavated near the center of the mound
(usually prohibited by the protozoa of live tress), more 'ouried wood than
that indicated by Yig. 9 would have boom apparent. The wood of the
uprooted tree is ordinarily concentrted in the leeward oide of tho mound.
2noac,h wood vae removed from each of the mounds of ago class :II to fill
a 'bushel basket.
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8 inches D.B.E. and 63 years old, was on the (Age of
the pit. The cross soction intersects the wastorn
two fifths of the uprooting.

Profile:
:ho maximum relief is 1.1 feet over 7.5

feet. The profile consisto of a smooths vory
elongated a-shapod curve.

Arrnngenant of coil horizons:
The distinction b:,s1:cen the disturbed ono

undisturbed regions in not highly contrasting.
Tha horizons, though 6issoutinuous t more ern4-
ually acroos tho length of the cross L.'CtiCar.,.
Cho long axes of the disturbed ragloms are
apnroChing the ho .:-icottal. an& are pr.'sztically
parallel with the tarf.?ce of tho forest floor.
The accumulation of or 	 mattor it rath:r
uniforms about eounl amounts being Dr,,00nt iA
the rit and on the :,ound mrfaces. The (:
of leachir,, is irregulr, the lcast
on the crest of the mound.

Pit:
The depth of organic incorporation is very

pronounced. One of the moot conspicuous
anatomical features.

Buried coil horizons:
A burled coil is prosent, the most conspiour.

ens part of which is the upor portion of the
B horiton. l. 76ext to ha pit region, this
featare is the most pronounced intornal constita-.
ent of the cross section.

Buried wood of the uprooted tree:
olle present.

1. The burial organic matter has disappeared. In its steal is
horizon that resembles the 2-) more thn it does any of thaLhorisons.
Cons of the burial soils of t e class V wore •rory conopiouvus due to
their charceal content. Gthers contained reLmants of 	 horizons.



Ago C]a 	VI
Type sposimen - Mound 'and yit =.,74

!:ound r_na plt
	 (riz. 11) onsurred on a :olf.tivol7

lcvel
	

Dircct:Ion Iii tro:, fr,11 is 1:
;:;.a eoll is c..',21,:oy	 ;:ino	 of
lacialuvial origin (ins, 1939). A 9-inea

aspen stump , 4'33$ was locatod cn the western edge cf
the mound. The cross coctioa intorsoots the cantor
of the uprooting.

Profile:
Ule =aximum relic:. is 0.3 foot over 3.3 feet,

only a sliaht olov;;.tioa aaa dopressica la the
foroot floor.

Arranapment of soil hori2ons:
The horizons are practically contimous long

ti loncth of tho crozo section. ;he Laic::
unconformity is tha pit, and even hors, the bound-
aries aro very diffuse. The hcrisono araeosa-
tiaIly horizontal. ;heir boundariea cre rathar
=ooth and regullr, tho most apparent o:,:coptien
ocanrring where the C horiconundul%too l Dorcep-
tiny. Horizons of organic concentration and
of incinicnt leaching aro quite evenly devoloped
across the surface of the grouna.

3. Pit:
rxtremities of the Dit are outlined by the

decree of organic incorporation. ;ha most pro...
flounced anatonical foaturo.

Buried soil horisms:
1:ono apparent.2

Buried wed of the uprooted tree:
1:orie •present.

The form and anatomical features that charactericod each relative

age class of uprootings are sum=nrized in Table 6.

1. .Perceptible dip in the 0 horizon, and conccipontly of tic ono above.
i.e dua primrily to the thrust ana gouf;ing effect of the roots attho
time of uprootinz. Practically all of tbe cosrs soctions shoved this
foaturo.

2. Occasionally a piano consisting of charcoal 11:13 present LI this ago
class.



Direction of Tree rall

The directions of tree fall wore con-pared by a-o classes (T-1-i . . 25).

In each class, the directions of tree fall were coacsatrated ia ono or

parts of two 90-degree quadrants: the northwest and southwest. This

group-wise distribution indicated not only that the mounds and pits eoula

be separated losically into age classes, but also thct they LzIa rasalted
•

from storms, probobly hurricanes, comparable to the ono of 1935.

Actul Ar.,es of 7Tornds  RY 79ito 

The actual ages of all but the oldest of the relative ase cla-zos.

=mbar VI, were determined from the datoo of origin and the relative

positions of the trees that had grown on the surfaces of the mounds and

pits (Tabl e 8). Tho amte of each uprooting could. tot be fined directly

from the trees that bad gown on it. reVerthelese, the azes of ty-pical

specimens of each class of uprootings could be determined.

A preponderance of evidence indicated that the mounda and nits of

age cleat i had resulted from the hurricane of 1933 (Plates 29, 30, 31

and 33). ?arched live troca dated precisely the uprootiage of el::.sces

It and 11.1 as 1851 and 1815 respectively CFir-7s. 12, 14; ?Ir.:tea 33-41).

The single uprooting of class 17 was estimated, to have occurrod between

1730 and 1750. The oldest tree on It carfaces was a 147-year-old live

white oak growing appronimately midway up the slope of the mound.

position of the oak in relation to the crest and shape of the mound Lull-

cated tnat abaat 50 to 70 yeara bad elapsed alter the uprooting bofore

the oak became established. 7.n a similar manner, several of the mounds

ana nitz or ago cllisz V were dated to the firot half of the seventeenth

century.
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1

the number of!mounAs and pits of age class Vi cou l cl h:wo

cut	 neins	 i..i.tt7;re of

Therefore, the u71-cotings of coa clae: VI txre cetim4-_ted to L.'o

occurred between 1400 and 1500 as the result of a major hurricane..

Seeliel of Uprootad Treem 

Only 101 of the 62 mounds and pits contained valid buried rennante

of the trees that had been uprooted: the two mound- of coz class 11 and

the eidht of claez III (Table 7; Plates 36, 37). The species of the

wood indicated that 9 of the 13 mounds and pits resUlted from the

uprootinz of white pines, while one vas due to the topplinz of a white

oak.

Only two2 o the mounds contained charcoal that definitely could

be re/ate:13 to the trees that .had been uprooted (2able 7). The specie:1

were white pine and hemlock. e.

The cpocies could not be determined, of the trace that had formed.

the remaining mounds and pits of olnecoe TV, V and Vi.

Actually 13 of the 62 mounds and pits contained wood. Iret included
is the uprootir4.; described under honlock t;331. This uprooting was
placed in age class III since it contained large caantities of ulooa,
occurredin the same local area with the other wprootings of this class,
and had on its eurface a 121-year-old hemlock, as did zeveral of itu
associatee. The buried wood, vas white pine.

Altozether, 18 of theuprootings contained charcoal. •

3.. Lerze concentrations of charconl eccurred in the leeward ide of the
mounds above the buried herizone of the pre-dieturhed soils where ordi-
narily wood of the uprooted tree occur; as theUzle the baez of the
trees had burned in place after uprootire.	 143 contained both weed and
charcoal.

(
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n.ltart of Unrootad Trial 

The diameters could be deteredned directly for only these trees that

had been uprooted in 1933. With the known variables taken into coneider-

ation• a comparison of the 1938 mound and pit dimensions ehowed cevoral

relationships. The factors of coil, physiological condition of the tree,

and the direction of fall in relation to slope appeared to have more

influence on the degree of disturbance than the diameters of the trees.

Large dead trees created less disturbance around their immediate bases

than oonsiderably smaller live trees. Those uprooted on bouldory toile

.	 •
produced small mounds and pits regardlees of diameter, condition, and

direction of fall. When those factors were held ccnstant, the unrootings

cf trees of quite different diameters resulted in eeeentially the came

degree of disturbance. Uprootings 49. 566 . 60 end 61 (Yigo. i6, 18, 19)

are practically the same size,- while the trees responsible are 15, 10,

14 and 24 inches respectively.

With a feu exceptions.' the dimensions of the uprootings comprising

the five oldoot ago claasee are remarkably uniform. rarthermore, the

degree of disturbance that resulted from the uprooting of trees of kaolin

diameters, specifically 1Tos. 49, 56. 6o and. 61, •uggests that most of

the mounds and pits of the five oldeet a cre classes probably reuulted

from trees 12 to 24 inches in diameter.

Diameters of uprooted trees were estimated ire~ the degree cf dis-

turbance indicated by the general proportions of the resulting mounds and

pit; ( iT i,?.. e. 3-24). the estimates were baeed on the uprootingc of 1933,

with due consideration given to factors of seil, elope, direction of tree

fall in relation to elope, and Phyciolcgicel condition of the tree (11Z1s7).

Ho g. 17. 19, 25 are considerably larger than the rest.

6-inch diameter classes.



st...1,TuToTA osmTlmnaal eu4 171 pus, lotd eqq to rezatozo /ruuq

	

evalocoad jo suo;cuot70 et toCm.peo.:A OZQA 001V.7.1 WO f4.77,:40a	 •C

=1-.1. ruTtotcooatl uT petyouT.`,3Tao reop
"'•7--7 : 7) C.1, :0 tl !*,0V. 1.-:: : r°V10 1.7 7 C3'':V1-)7A° ITV  ' 1.1174s07:0 l ItT2 ouIc (.417,-in

	

oo ,CT.:y=aopuodazd 0:1IV 072A 40Id vq4 •0 pozauoo v%4 Tuovaztio eqz	 •z

	

*(Z176 1.: e.7.7.:. 7, 7= 007.1z) (15:-6 catTaL) quovezei coToeds	 t

	

c,.;t,, „To vt0t:1 zoj potwzetm 7:A	 dr.ISUOMTOJ eTT., • tlxpToR 7,veezq	 pur	 ' (
azal4a c,, ,,a zael.c:Tp ZOOAt1CO, suripuovvIea eq:; voa; venttdtleo ezen $00X1
Tei:=ap ptm. vitt143 JO 1,1,12T07 1.O7:;OZO. V.: 7.r:n op7uT ezezmuTp of 	 .7:

1.1 caTd etiv jo sram OA; srou	 •stuq taw= ovq; AtiuToodze 4,4to

ztoto ATIz9V,0=6.-eut% puu4s 07-; c •Vr4or, UT V e .T OrE 04 08 MDZ; &ma

■CLOZCZ EIZOA -puu zesptaTp tT sovuT zC	 oT :=oz; poL'uuz zeoal 4seOzvc

s queezed 6 • 17o o4TRA ptu !quoozed 24 •;mul.seco :q.ueozed 05 • orld czt.qm

:uezu Trz4q erg. so f4ueozed 06 JOAO pecTaf.too soToos7s eezm, eseql •toTI.72

—credo 1;uTZTot zoput sszTo	 ;a evep eq4 •CTet uz z • CCLI 'T peT;405 OVA

cor,zao ,06: oo	 ev4 umin 17cc, eq.Tvin p'3? •4tuvoujo louTd el.T71 S-mtuu

—TtoToad	 vuu7,s o7.„75	 . (9C • C sciquz 15"17 •0T/ 1/ozudtoo ern apuu4s

07,; oo toTqTsoc.too seTrnds e 4 voT.rt v.zozrid6y etuovq. uptez,,t

punoaD

ev41 eAoqu cm;	 eooz oq; mozo 1)040=0Z um&	 szoll.00s

es'oze eql toas roz-asuot 040A STIOTX0d ;o7,.coies eq4 zoo Ivpieri gzueaq

1,•? 7:x7c1. 0P -P TI T eaclomnr 	 *(V.!..6 soIg7L) Zg6T .To euo ;uozaTto tr,M MIA

.T2tTpuo pun • c :• T:; TrIvotocozd tt ToCoteAop put; uoTlin 4 C08T jo ruulx evA.

ZragTr.2upluT2eq •vpoTzeci. vaexpooTp CI 1.-3 persItoo 0VA tolmcodto* etui

.rtua.Voaptep

so =Ito° Tuov,zoa eql toz; pprzoopa eq 	 41to p t equp ouTovds 7 47

,,t=sezd sooa ,4	 •otT1 TuTuot000zd sotto 1.oid etTA. , to moz2 Tret/

rtyl.$ pezoj Au' 	 zoo ATT7az vezpazoq.op eq, pp o0 tomeoCtoo eeTood5

SC=ULT; aTzu



30-

almoet all of the chestnut and white oak were felled. Only 17 percent

of the total basal area was loft, and ;,hie was whito pine confined largely

to the western half of.tha plot.

Almost half of the remaining pinos were blown over by the hurricane

of 1815. The uprootings occurred on a small area near the center of

the plot.

In 1854, the stand was eeeantially one of white pine otandards

towering over a coppice of chestnut and red, maple sprouts. The area was

operated again; this tine the 10 gin wao concentrated on tha wastera

half. 'Most of the pin© and over half of the chestnut, red maple, and.

white oak wero felled. 	 About throw fourthe of tha basal area Liao cut.

eeriee of feurMinor , loggingo'followed during the tezt 35 years.

Those of 1854, 1872, and 1878 were fuelwood operations which removed

primarily small chestnut and rod maple apraats Ito 8 inches in dig—ate?.

The occasional larger chestnut, hemlock, black birch, r ed maple, or white

Oak was not oat. In 1882, a savlog operatics was conducted to harvezt

the few ramaining largar white pines and about half of tho chestnut.

3y 1839, tha stand had developed a definite three —storied ctracture.

Scattered over the area, especially the eastern half, were occasional

hemlocks, chastrate, white oaks, red maples, and black birches ranging in

di ester from 10 to 21 inches. They constituted the upper canopy.

Sprouts of chestnut and red maple, 2 to 6 inches in diamoter, dominated

the intermodiato story, while smaller hemlocks and black birches provided'

a conspicuous under s` 	 only a few feat high. The loging eporation

of this year, in effect, removed most of the intormediate story of sprout

hardwoods and a large proportion of the chestnut which comprised the
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upper canopy. The edstorn portiot Imo logged the heaviact, the oastora

part only slightly, while the central portion, which hsd been tmrootod in

1815, was scarcely disturbed. About Z percent of the basal arcs vas

removed durin2; this operation, the lact najor 1oi to he conduct.

notwoen 1839 and 1909, the chontnut sproatod and crew 	 L_Sa vier

that it nor than rogainod its former utatus as a major element in to

intermediatenopy of the three storied stand. Vac= to chestnut blight

Lit the stand, anproximntoly in 1909, over one third of the basal area 1MIll

=de .a7 of cheetnut. This species hnd nora than gnadrapled its basal

area since 18'89. By 1915, pout of it vas dead. rrom 1839 to 1915, has-

lock and black birch dovaloped at a rate almost comparable to tt of the

chestnut. Their basal areas were practically troblad, and in general,

the understory which they had previously providdlbocame even moro pro-

nounced. The death of the chestnut and the accoloratod devo l opnont of

the hemlock and black birch altered the throe-storied structure of tha

stand to one of two canopies. nemlockcs black birches, rod naples, and

red and white oaks 10 to 20 inches in diameter overtopped, a -woner:11 under-

story of smaller trees of the sane cpssies, but predominantly he4loskot

of from 2 to 5 inoheh in diameter. 	 cmall croup of larze-tsat'- -span

occurred on the extreme western end of the plot.

A minor operation was conducted in 1935 to remove the small group

of aspen. In the process, a tow email manios and oaks were foiled.

Since 1915, the hemlock again had increased its basal arca eiznificantly.

It now co=pri ,Lod 35 percent of the basal arc!.1, and with black birch 1=4.0

up over 50 percent of the stand.
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The ha,-ricane of 1933 was responsible for the destruction of over 73

trecc. nilatoon were nprootod directly, while the rest were dc:.mod co

severely that they either wero salvaged in 1939 or died "hortly afterward.

The most severe damage occurred on the ttern hnlf o the plot whore the

larceat trees were most abundant. 'Uprooting was generally distributed

over the area, however. About one fourth of the basal area was destroyed.

The composition of the 1945 stand was essentially the SAMO at that

of the 1938 stand before the hurricane. Eenlock cemprised 44 percent of

the basal area, black birch 19. red maple 14, and rod and white oak 9 per-

cent each. 'nven thauea the hemlock and black birch had rer-ained their

basal areas lost by uprooting, the basal area of the entire stand

still below that of 1933. Darina 1944 and 1945, the stand was sUbjected

to gypsy moth defoliation. Oupprestod white and red oaks ware 	 ected

most. About one fourth of the white oaks 2 inches fond larger in diameter

were killed, while approximately one fifth of the red oaks sacaambed.

Only about 3 percent of the basal area of the stand was lost, however.

The stand of 1952 U23 essentially of hemlock and mixed hardwoods.

Hemlock was the primary species by far, both from the numerical and the

basal area standpoints. It comprised almost 47 percent of the stand.

Black birch and rod maple were represented by nearly the same number of

trees 2 inches and larger in diameter, but the birch mado up the larger

percenta.rre of the basalarea, 19 percent. Red oak wat next in. impor-

tance with 10 percent of the basal area, followed by white cok with 3

percent. ,:raite pine and paper birch comprised. slightly over one percent

eadh. The abundance of small, suppressed hemlocks resulted in a definite

two-story structure in over half of the plot. In cenore/ 0 the laraest'
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and oldest trees occarrod on tho eastern half of the plot.
1

trees wore hemlocks 20 to 21 inches in diamotor and 70 to CO feet tall.

1. The east:nee of firs scars on t trees plus t spotty distribation
of chP.rcoal, indicate that the plot IrLd net 'boon soverely 2.3raod, at
least during tha last 500 yoars. *;i'irs is about tho only. ordin~ry dis -
turbing aPent, hwaevor, to which to are% 1.-:'„o net su7ojeste1 .:luriLt this
time.	 The spotty distribution of tho eharecn1 c'uc. ,.ests th.t it is tho
ree:at of small fires 'built by Indiana and le:-..era for c00%inz.
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The hietericel-developmental method Jo extremely eimple.

based upon the evidence that exists in the forost. As a method, itt

degree of application con be altered to meet the desires of the research

wet-74er n.nd the characterictice of the orea to bo investigated.

Only a part of the dnta accumulated in the pro sort etudy have been

ueed in the preceding disauseion. The investigation horo described vas

designed principally to trace the developmental trende of the forest com-

position on a emall plot. .A.11 trees loss than 1.5 1:ache:I in diameter

hnve boon arbitrarily excluded from the discussion. !Tad the diecaccien

included all of the treee down to the smallest recognisofble eeedling,1

better understanding of the future comnoeitional trends could have been

achieved.

The evidence afforded by the trees larger than 1.5 inches in diameter

woe not fully utilised either. Only the speciee, numbere, ages,

grouth, end diametere of the trees that had cemprised the stands were

determined at thie time. The characteristics of height end volume growth

could have been censiderad 3 well. 2

re'he treee leee than 1.5 enches	 eoen to :;2.11	 .	 reee!;-
uieable eeedling wore analyzed. rech .teee located. and deseri .e-- 	a me-1=r
similar to the larger trees. A croee teetion for ce ,e deter:f.matien ,cee
cut from each esedling at a point directly above the root collnr.	 Sections

also collected of both rooto and stone directly	 reed Z-ova the
root collors of sprout-erigin trace. A meP of the emell treee ie Mae-
trated by	 27.	 belt transect of milecre plots wee oeleeblished to
sample the herbeceous and shrubby components of the plot (71.g. 23).

This phase of the project ie in progroee. Stem analyees of the live
and deed treee will permit aecurate deternla:ktien of height and vela_e
growth. The heightsand volume:: of the trcoo xenrecentod by et=pe and
uprootin,:e: cen be reasonebly eetimated from the rele.tisneeipe that exle•
between	 height, end volume of the live and dead treec•	 At leaet
tbo minimum volume of wood that the nrou hae produced over the last 150
yeare can lo computed
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The e=pleitetion of the mounde and pit wee co mcd. to t d etermi-

nation of what kinds of tree had green where and when. Once the beckeround

of information heetbeen derieed to determine their date of origin, the

evidence inherent in uprootings could have been analyzed farther, The

quantitative and qualitative influences of the coil—formieg prozeeeee upon

soil genes 	 be evaluated over documented poriode ef time.

Likewise the buried pollen and epore content ceuld be analyzed?

Of the major foreet cempenents, the etumpu wore the most intensively

considered. The fraients and charcoal were reearded primari/y as

cources of substantiating ovidence.2

Once an area has boon Ex:ejected to an intenaive hietericeledeeeleeeented

approach, a vide range of alter tivos for study is available to the ete-

dent. In effect, the developmental morphology of the current :stand can

be reconstructed. 3 Ohangeo in it form, :structure, compeeition, ana

groeth can be documented over time. t)dbeequanelee the relative influences

of the major factors responsible for the dynamics of the fore e con be

....11••■••••••■11/K	 ..•■••••••■•1.1•11=a...10.0

The pollen and spore content of one mouLd wore analyeel. :2.:14 pollen
of neend and pit 5included white pine, heeleelee 1:011y, eel:, zeel tre:cee
of another pine. Spores, of ferne and. at least three specieu of lyeopede
alto were prozent.

The width of the annual rinee te the cherceel coal& be intereretei to
suggest the eenditione under which the trees had grevn (able 7).

3. A series of profiles constructed of the stand to shove the heieht
relationships of the tree at VCiOUe otre:es mey Le ueed in cenjenction
with stand maps as a basis for diagrammatic perepectiva &ravines. The
development of the micrerelief of the forest floor cen he illaeteated by
a series of contour mapc.
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In contrast to to areal approach, the develeeeent of individual

trese can b	 lyzed. Juvenile charnetcrietics,

re7eeted ebecre-	 can bo eveleeeee
	

cto."

Ur° of a species to compete with tho ever-changing environment. 1 "Ireee

of the SAMO seenies, the forms of which aro known to have developed under

radically difforont conditions, can be compared to show the range of

reactiea in specific characteristics that can be expected.
2

The goat)-

types of some trees can be traced reaccessively to the precoloniel forezt. 3

Thsy have persisted by vegetative reprod:action, and represent the third

or fourth generation of eproute in the same clones.

The historical-developmental method. lends itself alto to ext.:mt.:lye

application. One or several of the foreet components may be investigated

over a large area. txperience within a forest region enables tho iden-

tification of stumps and the age determination of uprooting:). by cersory

examination. An investigation could be conducted OVG= exteneive areas

Oall: seedlings were observed repeatedly to have tn7) mete (Pi nts 47).
Euch recta were preeent alee 	 te,63-year-eid trees (Plate
flowaver, they were not evident on steeeee of or .O te 175 yore el.ace
(Plate 13). Lirchee and hemloeke developed very fibroue, ertty reet
systems, apparently capable of conforeiee to the media in ehich tleoy
were growing. This type of root could 'be inetruental in the saeeocs .
of theca latter species to become esteblished on the extreeeIy-anelo

aces provided by young neunds.	 • The prepanderence of the trees that
had become established on stumps and boulders were herelech: and blec%
birch.

ping ability is related to age of parental St1;: r"). Thie fector
could acCan' in large neacaro for the abundance of cheetnut :et the tiee;
of the blight.

nellocie .Y;73, Plate 22, developed endor openrgrown cunditions due to
loreing. :celoeee. l37,::'Iato 21, grve az a part of t111

cancroy where cceesetition for crown spew wen covore.

3. ned maples enpecially, and chestnut before the advent ef the blight.



that night include, for examplo, only tho analyiio of stumps or the pollca

content of the mounds.

The historical-developmental method cf forest ecological research is

basically one of fundamental descri ption. comparable in many resecto to

the purely objective dissectiondescription of a plant or animal.
•

basic quantitative data regarding nhysiological processes or facets of

the eaviroancat will be derived from its application alono. ::either will

the whys aad wherefores of plant distribution bey solvod. RoJeverp the

definite chronolo2;ical sequence of compositional trends can be documented.

Major fluotaations in the environment and the primary expressions of the

forest vegetation to related char ,as ct.= be observod. And the tino fc.c-

tor, so influential in the devolopment of forosts. can be telescoped by

tha meticulous application of simple techniquos v.na judicious observation.

The results of many years of NZaturet s experiments a can bo scrutinized

within a comparatively short timo. she problem areas, can then be sul-

jected to experimental techniques throazh a o teaa anpreach, L and mnny

problems carried to their logical solutions. It woald appear that= to

this time we have neglected to dissect QUr major subject of story' the

forest.

All scientific research consists of accu=alating obscrvr.tios. .The

subjocto examined vary tlAamondously es do the techniques emplo,;_ . Ulti-

mately the data arc synths shod. Conclusions are derived which lead to

tial solutions. Additional facets of kaowle:Ige izve been exposed.

and :mere advanced.planes hnva been 'established on which Purthor reason-

ing ern be basal for en approach to another sot of uml:nowns.
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Plato 8. Alto loine stunp 495. Stan, iz 20 inches
in di'lmeter and at least 45 years old. Stann is ea
a boulder, tha surface of which is so7nre with ch ...r-
coal. The stuzp vnd roots shoo, no cl,idr:.nce of 14-i
been burned. ;Lan sta.n was remo7ods ch:7.rosal
eocervcd under tha roots. . .azo, th3	 ctill
intact where the roots rootea r.c.n the btuld,:. nvi-
&Inca cuzzasto that a flro occurred before the uhite
pSno bacane establitheci. Z10 c: taw iz 	 inshas
lens. Maasurir ,>. tepa Le 2 inches ln
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TABLE NO. 4

Charcoal - Eurface of Foroct 2loor

70

71

95

1.03

131

170

331

349

eI•

?SO

43.6

422

1459

519

520

539	 „..•
620

633

e020

673

696

7C0

702

Se

1. Location: numbora rcfcr to trce or stalp uaacr or near
1:/ich charcoal s fauna.
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