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Tor many years the uprodting,of trees has been recoznized as 2
natural phenomencne AS such, it has usually been regarded as one of
freakish occurrence noted for its direct and catasirophic results upon
the trees inmmedialtely affected. Uprooting, it seeus, has sqldcm been
considered with enough perspective to reveal 1ts basic relationship to
the forest.

A form of very detailed deseriptive research was instigated ia 1043
to document the developmental trends of the forest stands which had oceurred
on a bne-acre,arca. Uprooting was establisched conclusively as an imporiant
factor in the development of the area during the last 500 years.

When uprooting is observed and interproted on a limited arca with the
perspective afforded by‘SOO years, its role beccmes that of & natural for-
est process, rather than a single event in ths life history of a forest
stand. As a precess, it must Ye considered along with'repro&ucticn. growth,
podeolization, and other generally recognized processes. Similarly, the
geries of actions and subssguent reactions associated vith uprooting can
bYe described quantitatively, quaslitatively, and chronologically.

More extensive research has indicated that uprooting is a general
forest process 4in eastern North Anerica. Its influences have many ronifie
cations, and like mosthother fnatural processes, ars highly variable. The

s0il is one of tho components of the forest greatly affected by the process

- of uprooting.
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Yor many years the uprooting of t{rees has bBeon recognized as 2 natural
phenomenon (Shaler, 1891), (Holmes, 1893), (Ven Hiee, 1904), (Iutz and Cris-
vold, 1939}« The most comprehensive treatment of tho subject to date has
teen that of Iuts (1940). A review of ths literature at that tiwe, ac
stated by lutz, brought out three principal factas

1. Thet uprooting of forest trees is of widespread cccuxrroncs.
2. That uprooting results in drastic disturvance of forest scils.
3. That cuch disturbance is of ecolczical imporionca.

The investigations of Iutz wors devoted‘primariiy to ¢he i{nfluenco of
uprooting on various goil properties telioved to have ecological and pedlo-
logical significance. However, ths importance with which he regardeld the
phenomencn 2s a whole can be expressed best, parhaps, by quoting a porilca
of hic conclusicna.

#7indthrow, with the generally atiendant vprocting of {recs, is

a universal phonomenon in fores! rezionse Occnsional violent storms

of hurricane intensity may operate over extensive sreas and causg

entire stands to be uprooted., Lsss spectacular, bat more comzon,

is tho windthrow ¢f scattered individuals or greups of trzses which

occurs during normal years. Over long pericds of tims ths goil under

forest stands unay repeatedly be subjected to disturbance whean trecs
ere uprooted. This type of natural disturbance of the soil body is
peculiar to land bearing forest stands; it mzy bte likened to plowling
by the agriculturist.Y
Seldom since lutz!s study has uprooting been considered with the amount of
perspective required to reveel ite basic relaticnship to the forest.

A form of very detailed descriptive rescarch was instigated at the

Earvard ¥orest in 1948 to document the development of the forest stands that



had octurred on an area slightly lees than one acre in extont. The orizinnl
objeétive wng to trace the deVelopmént of the forest to pro-colonial tine,
about 1730.

The first procedurs was %o construct a l0-foot grid, which pernitted tho
accurate location of eny object on fhe'area. Yext, a sories of maps wag made
to the seale of 10 foot to the ‘dnch which deseribed:

1, All live and de;d tree eiemcnta ranging from leas than 1) inches
in dizmetor inside bark at brezst height to the swalleost recog-
nlznble.seedling.

2, Al stumps, dead tree boles, and large fragments of wood lying
on the present forest floox. .

‘3. A11 live tree elements 1} inches and larger inside bark at
braaét height.

L, Coatcurs of the present forest floor to an intecrval of 6 inches.

5. Boulder concentrations and all individual boulders on the prec-
ent forest floor to a minimum dismeter of 6 inches.

6. Present forest canopy.

‘ In conjunctlion with map construetion, other gensral precoedures warav
followed:

1., Specimens of sll stumps and wood fragments were collectsd for
speciaes identification and 2ge deteraination.

2. As the tree elements loss than 13 tnches in dinnetor vers
describad.‘a gection for age deternination vas roaavé& from the

"~ ‘base of ench coniferous ssedling and fron the bass of the sten

and primary root of each sprout hardwood.

3« The mounds and pits of uprcoted treos were sectioned at right
anglea to their long axes‘to depths of from 2 t0 5 fest. Ten

sections, the ages of which could be most closely determined,

N



vers profiled to the senle of one foot to the inch, Only tho
gross aspects of the sections were recorded; color, texturas,
consistency, and arrangement of the horizonszs. The remaining
section; vere profiled disgrammatically to the came sczle and
descrited. Coincident with sectioning, epecimens wvere collected

02 buriod wood from the tress that had been uprootsd, buried
organic layers of the pre-disturded forest flocr; cnd charcozl,
Ths wood and charcosl were ccllected for gpocles identificztion,
as wag tha pollen content of tho organic layers.

L, Tha remaining treecs were felled, and socticnzs for hoight and

diameter growth reconstruction wore remeved frem each al 4-Zoob
intervalse.

he application of the historical-development spproach (=
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to'a gumall area of forest peruitted the documentation of the stands thot had
growa there gince pre-colonial time. In sddition, thic epyprocnch made £ poo-
cible to observe the cumulative offects of voveral hundred yaars of fores
processes.t As en immediate result, many of the grocss trends in ths 1life
hictories of the stands were exposed. The uprooting of trees wes osltabliched
conclusively as one of the important influences. Uprocting way be defined o3
the toppling over of a tree with the result that come or all of its rcote are
wrenched from their cnehorage in the goil. The inflnonces of uprocting on the
forest in general are meny and varied., The eoll 4s one of the components of
the forest which chove tke roswlis of uprooting mozt vividly,

When uprooting is observed snd interpreted on 2 limited arez of Jorest
with the perspective afforded by 500 years, its role in ths develeopuent of ths
arca boccmes that of a natural process rather then simply an event in the 1ife
history of a stand. The G~-inch contours of Pigure 1 delincate the microrelis?d
of at least 62 pairs of mounds and pits that are kmown to have been dircetly

related to the uprooting of trees. ZIvidence both above and below the present



surface of tho forest floor indicates that the ares has beoen subjected 4o
four periods of major uprootings. Further intorpretation of thas evidencs oa
the ground suppiementod by written higtorlonl rscords placas tho dates of
thros of these disturbances ns 1938, 1815, anrd 1635, The fourth and oldest
wa3 estimated to have cccurrsd between 1400 and 1500 from evidenco exlsting
sclely'on the ground. v

An overlay of the &-imch contour mzﬁ. Flgare 2, chows the area, dic-
tritullcn, and chicnology'of the wmounds and pits on the curreat researeh srea.
The area of ozch age class is as follows: 1938: 958 squere Loety 1850: 183
square feeth; 1815: 707 squars feet; 1730~1750: 113 square fecty 1625; 1802
sguars feotb; ani 1500 to 15005 1379 squaro feet. ' The toial area of %he mound

and pit surfaces is approxizately 5100 square focte Almest 14 zcr o
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surfage of the present forost floor is councsed of mounds and pits,

Host natural procesges are charncterizad by the irxfluence thot they heve

o

-

upon the'media or nress in which they are sciive. Their exrrescions chanzo
ever tine, a2nd the dsveIOpmantal‘morphology end anclony of the forms thus pr
duced can be describved qualltstiively sud guaniitatively,

The mounds and pits on the research area wore sectioned ot rizght nngles
to thelr lonz axes, or parsllel to the Civection of t}@e fall., Figure 3

reprosenis four such gsections of mounds and pits vhich nva $ypical of tha

-

~different ags clusses and wileh oecurred on relatively level surfnces. The

ages of the sections ars eas follows: Mound and Pit ¥, 2, 1B yesrs old; Xy, 35,
137 years cldy %o, 17, 317 yenrs cld; and Mo, 4 38 belucon 490 end 550 yaors
olde The gross characteristicz of the profilecs caﬁ be delinsated vhen color,
toxturs, coﬁcistency. end errangemeat of the lLicrizons sre used nz eriterls, In
Hound and Pit Mo. 1, the youngest of the four, these grocs charnciarictics eaa
be grouped to form four major snntomical features:

I. Reglon of deposition: the pit side of the uprooting whers o



large porticn of the mineral material picked up by the rocts
is destinedi to fall. |

II. Reglon of pivot: tho mineral wanss which either provided the
anchorage for that part of the root system which scted 2o the

fulerws in the uprooting, functioned zs the fulerum itzel?,

or both.
ITI. Region of overburden potenticl: that minercl end organic mass
on the mound side of the uprooting which is held in suspenzioa

by the roots and i{s destined to fall upon the relatively undis-
turbed gurface of the forest floor

Iv. Relativeiy undisturbed region: the extremitles of the section
occurring at both ends and at deptﬁs bayend tho rezions of

general disturbance.

These four anatomical features 4in tho youngest profile may be found in
the older mounds ond pits, and thelr development traced over tims. Thsy may
homolosous
be considered ss snzlsiits-parts,
Thé‘profile of Mound and Pit No. 1 has a generally disruplcd anpearancs,

the four regiong having a bloclkwlse arrangement along the lexgilh of Yhe section.

Color, texture, and consistency of the so0il are extremely variable acrocss this

section, but quite consistent within each regicn, Only at the ends and dopths
beyond the regions of disturbance is there any reoseublance to valld horizons.
Thece characteristics proevall ia Mound 35. ALl four of ths anatonieal fealures

vhich occurred in the youngest section ars still apparent in the 137-yenr-old

Yhen the older profile of Mound and Pit INo. 17 is compared with the
yrofile of No. 35, marked differences eppear. The four major regions ave still

pre;ent. but they are begianing to lose their identity. The “bloclky® effoch is



no longer o pronounced in the older section. A wore nearly unifora
appearancd has been created by the changes in color, Torw, and arrangenen’s of
the rogionse The colors are nore nenrly coumparable, the furms have dbscous
elongated, and & horizontual relatiouship of the regiong is being epproached.
Thevcrooc gection of the oldest mound and pits No. &4, precents & prof

which ig almost uniform in its genersl appearance. Color, texturs, conciatency,

«
ct
=)
(]
vy
i
b

snd ayrangement of horizons break down as criteriz to cdiflcrentiat
najor regions which characterize ths younger sectionse  The rogloss 2ro no

lonzer present as individual entities. The coll-foraing proccsses appsar to
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have had slwmeost enocugh tiae %o ercse the gross exprosslcns of urrooting

to develop & “"normal” soil profile. J¥igure 3 represonis,in wmany rospucls, tha
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development of & goil profile over time. Only the gross acpectc of the individ-

-
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ual stages have been described hers. However, this approack, couplel wilh a
detasiled investigation of the physicel and chexical prop ertius guch as that of
Lutz (1940), wowrld permit comparative analyoca.

uore extensive ressarch, involving over 30,000 miles ‘f traveling, was
conducted to Cetormine the occurrence of uprooting in other forest reglouse The
area $ncluded ths United Slates eaust of tae Conllineantal IJivide aud the Moritius
Provinces of Canada, Almost withoub exceptlion, the evidence of uprootiag was
apparent througacut the naturally timbered regions of this aress Tlhe uicroe
relief of mounds and pite was observed to To ai wuch o charatierisiic of ilha
forest as the {recs. The uprcoting of trocy any woll be coasidered a general
natural process of the foresbs in eastern vorih imerica.

Since tha pirocess of uprosiing is bazed upon a serics of satural phsncacns,
its causes, oxprassions, and influencaes ars highly varloble end lave maay rauie
fications, Fifty-nino of the 62 mounds and pits on the presont roscarca srea
have been attrituted to uprootings resuliing froa winds of hurrlezue origin,

The more extensive tha oLservations of uprootings, biowever, tho more significant



bscoues the realization ilav the wprootlng process cuandd bu guccessiully
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inds of Imoricune and dorundo Lorcs.

<

ravionnlized I based cololy upo
Jefore upronting can Yo placed in 4ts proper poropective as o gencral forsel
procasa, & broadesr tasis of lmowledge muct bo cuployed.

£

The cuuses of uproollng exo many and varieds IBusicclly, all uprootlngs

A ]

are depoudent up‘ou he force of graviiy. Likewlss, wind i3 pabully 2 lay
factor in most uprootings, wheiher of bwrricans and torawoe Iorce or o tho
sonecnal veriely. The forest whica ms devoloped snd grova up iz & perfecily
caln atzosphove ig difficuli to lmagine. In this ligat, 11 wprootings uay
be considered as uschamnicul, Viiowever. othar factors, agonts vwhich are nob
$pherently nechsnical forces, can be instruamenial 1n upreoliluge They tound

to c¢rente the olrcmugt:mcea which ere favoradble for uprooling, anld zay ta

considered as paysiolagical causese The fuclors of uprooting nay e clasel-

fied as Lullows: .

Heohanlond . Trhysislozical
wind patlogaas
ica incecta

o gnow fire
sonllily

other than that axerted by gravity. Physiclogleal voreoting, in conioast, is
dependent gonerally upon tho force of gravity acting wpon tho nuss provided
by o treo that §3 in e wenkenod physical condiion, Actunlly, the uprooling

of traee 18 ordinarily ko rosult of a coublaation of

is exitrenmely difficult to asceriain o pardaary agent that was responsidls for

a particular uprooting. The dlowdowas or windlhrows resalting £ron hurricanss
and torasdoes are perhaps the most spectaclar of machanleal wrootingie Thasy

also dononstrale the mozd clearly delinsble priaary causae. IHvea tha hoealihleast

of trees are uprosted if sublected to winds of exlrang valeoeliy anld duradion,

]

Ico and snow likewilse eppear to funciion as scle agents of uprooting if the
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accumlations are heavy onoughe Ordinorily, however, uprooting is the ciprose

glon of a combination of factorss Trees in various stagen of senility =rs

(&

o totally sounde Ocensionally, even the glightest wicp of wind will tomls

£
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)

hem over under certain circumstancos. ZXKaroly, i ever, dcos the acrial piv-

o+

tion of a tree develop so that it is perfectly balanced., Tho force of gravity
coupled with root-specific pathogens, fire-weakened root eystems, insects,
water erosion, seagonal winds, or a ¢onbination of eny or all, resul? in ths
uprooting of uncountable numbers of trees, |

Even though the primnryvcauées of uprooting are extremely difficult to
differentiate, 4t is basic to further reascning that at lecst the gross variables
be recognized and considered, Ixtonsive fiold obs ervetions indicate that the
frequency, occurrence, and principal causes of uprbcting vary frem placs %o
place and from time to time. Nevertheless, tho variations tend to be related
fundamé:tally to tﬁe geographical characteristics of the regiovns location, topeg-
raphy, vegetation, and past land use history, to cite only a fow., The ocaslera
coast of the United States and the Maritime Provinces of Canzda ere recozuized
28 a general region of hurricanes, Thore has been sufficicnt evidenes in boih
the historical and receat pést to justify thie deuignation. The.&atccrolc;ical
components of the hurricanes that pass over this rezion adnitisdly are exirouely
variable, Uevertheless, the manner in which ths forcst, as onc of the prine
ciﬁal constituents of the landscape, reacts to the forces involved can be
relatad directly to the species, eges, physioclogiczl conditioa of ths {rees,
and even to the past practices of land uss imposed by the vogaries of soclety.
On ths other hand, physlolovical uprooting may be more significant in scme
regions than the mechanical. Iven the cursory research that has been devoted
¢o uprooting roveals the existence of distributicn patterns of characteristics
that arse mappable,

The trees of tho "primeval forest® (Hartshorne, 1939) had two general

decstinles: uprooting, or pilece by plece disintegration in place. It is impose



sible to conceive of any foreat in the past that has not bteen influenced

in some menner by the process of uprooting. The trees of todayls foreszstes have

en additioncl posszible fate: to be felled by lozging. lieverthelecss, the uprcot-

ing procoss plays an imporiant role 4in the éevelopment of the forceé s a whole.
With this degree of perspective, uprooting assunes tha proportions of a

general process of the féreat; and as a process, it can be considersd in the

same way a3 other generally recognized forest rrocecsss, such ss growith, repro-

duction, podsolization. The recognition of uprootinz ms a procosc, ¢

‘{8 essential {0 & betler understanding of the developuent of ths forent.
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MOUND AND PIT NUMBER |
AGE - 14 YEARS

MOUND AND PIT NUMBER 35
AGE-137 YEARS

MOUND AND PIT NUMBER 17
AGE - 317 YEARS
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MOUND AND PIT NUMBER 4
AGE - 450 TO 550 YEARS

FIGURE 3
GROSS ANATOMY OF MOUNDS AND PITS

1 REGION OF DEPOSITION [Jrecativery unoistureen

I REGION OF PIVOT [Joistureeo
TIA OVERBURDEN POTENTIAL

X1 OVERBURDEN
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Reprinted from JourNaL or Foresmry, Vol. 53, No. 3, Mareh 1955

Research in the Biological Aspects of

Forest Production’

Waerner 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
funetion 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 recégnized 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. It 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 Ingland Seetion of the
S.A.F., 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.

Ezperimental—The one which
will ultimately provide the major
framework for scientific silvieul-
ture is often referred to as funda-
mental experimental research.
Here, elaborate equipment and in-
tricate techniques are employed to
break down the physiological proe-
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. Ilere, then,
lies a whole area of rescarch re-
sponsibilities, a part of which
could be shouldered by the ‘“forest
physiologist,”” if for no other rea-
son than to assist in the recogni-
tion and deesription of the basie
problems.
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- 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 domestie erops. Our whole eivil-
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-
seriptive 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 realin 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 erop

. of trees, and many of these at areat

expense. The trial and error ap-
proach is very apt to defy accurate
description, interpretation, and du-
plication.

Ilistorical—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 geneties 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-
eators attempt to reconstruct and
interpret the expressions or trends
in the development of the vegeta-
tion in the lieht of what has gone
on hefore. With an historical back-
ground in hand, they can be more
intellicent about what to expect
in the future. The reasoning is pri-
marily induetive.

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 respeet, 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 be recognized, interpreted,
and evaluated.

One should be very conservative
in appraising this means of deriv-
ine information. The method is
chiefly one of fundamental deserip-
tion. No basiec quantitative data

regarding physiological processes’

or facets of the environment will
result, The whys and wherefores of
plant distribution will not be
solved. Tlowever, 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 echanges can be ob-
cerved, The time factor, alwayvs so
influential, ean bhe telescoped hy
meticulons application of simple
teehniques and jndicious observa-
tion. The results of many years of
“nature’s experiments’ ean be
serutinized within a comparatively
short time. New problem areas can
be exposed and subjected to more
elaborate experimentation.

The experimental trial-and-error,
and historieal approaches to the
biologieal aspeets of silvienltural
alone. Al
three, particularly the first, must
of necessity take into consideration

research cannot stand

the principles of genetics. Eventu-
ally, all silvical knowledge must
have genotypic qualification. Genet-
ies ean provide an impetus to forest
produetion. The recognition, selec-
tion, and ereation 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 silvieul-
ture, is in its embryonie 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 wultimate
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-
seriptive 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 silvies, 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 nmow 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 slichtly less than one acre,
situated on the Ilarvard 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 erid which permitted the
acenrate location of any observa-
tion one cared to record.

A series of maps was construeted
to the seale of 10 feet to the inch
which deseribed:
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1. All stumps, dead tree boles
and large fragments of wood lying
on the forest floor.

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

3. All live tree elements rang-
ing from 11% inches in diameter to
the smallest recognizable seedling.

4. Contours of the forest floor

to an interval of 6 inches.

5. DBoulder coneentrations on the
surface of the forest floor and all
individual boulders to a minimum
diameter of 6 inches.

6. . Present forest canopy.

Along with map construction
other procedures were as follows:

1. Specimens of all the stumps
and wood fragments were collected
for identification and age deter-
mination.

2. Asthe tree elements less than
1%% inches in diameter were de-
seribed, 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 microrelief 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 exelu-
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: eolor, consistence,
texture, and arrangement of hori-
zons. The remaining seetions were
dingrammatically profiled to the

same scale and deseribed. Coinei-
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 eontent of the organie layers.

The final stage in the field eon-
sisted of clearcutting the area. See-
tions for height and diameter
erowth 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 terrifie
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
periods of wind disturbance, and
fires, the area had supported trees
continuously sinee 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 eclimaxed by
trees. This is the basiec premise
upon which our present-day silvi-
culture and forest management are
founded. The concept of plant sue-
cession was derived from the diseci-
pline of plant ecology, and pro-
vides the forester in New England
with the basis for a reliable predie-
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
characteristies of the mounds and

‘pits indicated that at least four

major periods of wind disturbance
had occurred over approximately
the last 500 years. Recently T 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
mierorelief is as much a character-
istic of the forests as the trees
themselves. The question that I'am

foreed to ask myself is: how does
disturbance of this magnitude and
frequeney affect the elimatic elimax
concept of vegetational develop-
ment, a concept upon which much
of our silvicultural and manage-
ment practices are based? The cli-
matie eclimax concept is founded
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 silvieultural 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 foreces one to
ask the same question about the de-
velopment of soils. On the arca
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. TFurther 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 eritical 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? TIs clear log

length actually limited by ice in .

certain regions? Can the frequen-
cy and occurrence of ice storms be
predicted ?
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ITad a forester cruised this par-
ticular arca periodically every hun-
dred years startine in 1650, his
tally sheets would have shown quite
different totals in recard to com-
position, dominance, and, of course,
volume. The chances are that he
would have assicned 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 deseribe my
concept of the historical approach
to forest production rvesearch. T
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. Tt would appear that this ap-
proach could be applied very ad-
vantageously at this stage in the
development of scientific silvieul-
ture. Tts 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 investication but also
to contribute to the basic founda-
tion of scientifie silvieulture in the
future.

A basie question involves the de-
gree of accuracy with which one
should expect to prediet 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 proprictors of these acre-
ages would have any difficulty
financing improvements through a
bank loan. However, move these
same arcas west near the margin
of the 30-inch annual precipitation
zone and observe the degree of
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speculation mount. The inherent
charvacteristics of our forests will
never permit the degree of predie-
tion exercised in agriculture. How-
cver, 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 beliecve 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 serutinized 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

XX
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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-
seription and empirical methods of
rescarch could probably be em-

ployed to the greatest advantage.

After thesc 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 dynamics of vegetation were resognized by Theophrastus (370-
235 B.C.)s. Plant suceession is now a widely agcepted principle. Uhe
developmental trends of vegetation, however, are difficult to documont,
ocpecially when the plénts involved are lonz=lived treess One of the
common approaches to th? study of vezetational trends relios upea ths
pariodlc dessription of permanent quadrats (Clements, 1905). Sinse the
rosearch worker mst walt for fh@ vegetation to develep, tka foctor of
time is & serious hindrance. Another method is baﬂed'uﬁcn the compara=
tive analysis of several quadrats, each of which represeats a genstlezally
. related, ssquential stage in the deveIOnmcnt of the vezetation of zn area.
This technique, though 1t does evoid ths tinme faetor, resis upca the
assumptions‘fhat ths stéges selected for description are valid, and that
they will develop &8 expeoteds - The first approach to ths study of veze-
tational trends takes time, several mndred years in the case of trece,
while the sscond is based largsly upon da&uctivg‘raasoning.

Anofher nothod of studying forest trends vas employed in the current
investigation. . This approach considers the forest as & product of
Naturs's exneriments. a long~=term series of reactions bYetween the trees
and thair envircamentse The investigator endeavoers to decerite and
interpret thase experiments as objectively as possible, tracing them into
the past as far as the available evidence will permite The &eﬁhc& is
primarily inductive. 3By its Judiciocus application, the student may be

able to observe on a single ares, in a relatively short time, tha najor

{trends of several hundred years of forsst development.
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catalogzued;: novertheless, the results are there, and need only o ts
ovsarved and interproted.

The evidence of vegetational éhanga that is present in the forect is
highly diverse. As stated by Bailey and Spouher (1929):

iThe forest 1s an exceedingly commlex bioleozlcal
unite It comprisss not only a mere ¢ less
diversified agzgraegation of trees, tul nunercus
species of shrubdby and herdacecus plents, funzi,
insects, herbiveorous animals, znd a corplox soll
fauna and flora. In other words, 4% gonsiste of
& very largs number of mubtuslly interacting orzon-
isns which are affected by, and themszelives affeat,
a eonplex of environmental factors.¥

The current method is based upon the most concnicucus ovidencs iun tho
forest: that furniched by the trees. Trees have the inherent capacity

of providing directly and indirsetly two goneral kinds of evidence thal

roveal forest trends: conerete and implied. Ixzrples of conereto evi-

' dence aro the trees themselves, alive or dead; stumps: fragacnts of wood:

chareoal; and mounds and pits resulting from uprooting. The implied

evidence is founded upon known silvieal oharacteristios and recognisable

.reactions of trees to tha complex of environmental feectors.  Such evi-

dence includes the gensral 2bility of hardwood trees to sprout from cut
stumps, the influence of folisge~eating inseet epidonics upen radisl
growth, end the oscurrence of trees growing in perched positiocns zbove
the general level of tho forest floor;

These two general kinds of evidcnéa provide not oaly basie quontita=
tive and qualitative data pertinent to developmeantal trends, dut also a

chronology of the major ssquensas. Thus, the stu&ent‘ié‘éble to vieual=
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vi:a the forest as it has develoyed.bver tizae.

Tris paper is a deseription of the historical-developmental method

applicd to a foresteﬁ’arei'of glightly less than ono acral on the Harvard

‘Yorest, Pstersham, Masscohmsaetts

1. 0089'\Of an agsr’se



METHODS OF STUDY

Mapning

L 10=foot grid 460 feet iong and 8k foet wide was established oa the

rescarsh plot (Fig. 1, Plate 2). Witk the grid as a base, a series of

neps 10 fest to the dnch wz,z‘sbconstm.oted of the ‘folloving:

1. All trees and stuzns lo5 inches and larger in dicmeter
inside bark at broast or stump hoisht (Figse 2, 3¢ %) A
puzber was assisned to esoh live tres, dead troe, stunp,

end multipls slumpe.

2.‘ 411 large fregmeats of wood lying cn the forsst floor (Tige S)e
A fragﬁzent was considered thaf portion of a tree which eould
: no§ Ye related :leﬁnitely to a specific tres or s*‘:arz;fy. Four
kinds of fragments wers resoznizad: boles, bolts, branca
spikes, and nondeseript masses. They ranzed in léngth fré::

cone to several fast.
3. Incidence of charcoal (Fig. 6).

4y Contours of the forest floor to an interval of 6 inches

(ng. 1, Plate 3).

A total of 689 numbers vere assisned: 444 to live trees, 122 to dezd
trees, and 123 to stumpse Included in the mltigile clumps were 22 live
boles, 43 ‘&ead boles, and 221 stumps, ma¥ing a gzrand tcisl c¢f 975 boles
and stumys on tha resezrch plot (Table l)e fShirty fragments and the

logcations of 23 ocourrasnces of echarscal w’era papped (Tedles 3, &4).
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Zagh tree, stump, and fragmont was consldercd &

The deceriptions were as objecilive as pos

tion that mizght eontritute to the determinaticn of

had zrown on the

2ible, and

~
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Az ths trees, stumps, and fragments wore numbered aud mapped, they

were deseribed as to!

l. Speciles .
2. Aversge diamoter inside bark at breast and stump helights
3. Physiological condition (2live: dead)
L. Crowm elassificaticn (live treas)
- a. Dominand
' , Y. Codoninant
ce Ilntermediate
d. Suppressed
e+ lLoaning -= partially uprootced
5« Form of bole and erown (live and dead tress)
a. Open=growa (Plote 22)
b. Torecstegrowva (Plate 21)
6. Position on the ground
a. Stunp (Plate 13) d. Pit
Y. Loz {(Plate &) o. Doalder (Piate 8)
6. Xound (Plates 40,41) £. Forest floor
2 'o:-igs.n |
a. Secdling
be Stump~sprout. Parental stump le5 inches o
larger in dianeter (Plate ;)
8. YXumber of generations re“raecnted by esch stumm-eprout
oclurp and the diameter ¢f the stumps (Plate &2).
9. Incidence of charcozl at bases (Plate O)

1. ‘Eaﬁley. 19370

2.
egtablishad.

Vhere the ssod had germinated and the tree origlnally had becona

o -
- e
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Live homlock %res, 21 inches DeB.H., dominent,
has leree lzteral branshes extending Yo wlihin 10
Yoot of the groundes Crown is very bro: :\1. 50 %o
60 feot in dlnmsteor. Could indicate that {this
tree grow riost of its life under open—-zrown condi-
tionse Sranshes are spares on northern cide up
tc cbout 40 feste There are two red minles Srow-
ing to the north sboub 15 feel away, J;.t it is ¢if-

ficult to imegine that they could hnve influcnesd
the erown devolopnont of the hemlock to this extent.

Ware there other trees nearcy ol ono tinme, and ovie

dence of them hzs disappeared?

Digzing arcund the base of this ¢ree exposed the
followingt

Teooas boulders am. ecbbles are undernecth thi
tree. Arcund the bass, on the south, ezst, and
ort‘te,m siuee. ore hO..V‘J accumulations of crgonile

nattor. EHowever, imrediztely under a rathsr thin
layer of organiu debris cn the westeras end northe

waestern sidos, the soil is £ light yellouish brow,
ghows hardly any evidence of 1«“0* inz, ond kas vayy

little incornorated organic nattery, sonewhai the cuue
. charceteristics that are aczacin' 6d with the € herigen
‘of the crea. ’:der this mineral soll and uander ths
oots of the hemlock is o sizeble cmount of woode Cne
pi ccey, quite socund, is white ‘,‘)i‘;ze. The question i3,
how did %he freshelocking mlneral soll get oa ton of
he old wood? The grain of the wood i3 wmrocticzil \
=3 -’
g eonfis 0z

v
parellel to the forest flcc". and 1%

Y

o

[
O et gr y
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About the only way to gcecunt for this phencmen
) -1

by the urrooting of & trese Yhis large henles

W

5 sould have growm cn an old white pine stumn, as nmany

des but practically unweathercd .n'mml soll ¢n top of
tho weod eould not be cecounted for in this monucre
There is a 1ot of cha *cc:.l precent directly under
the roots of the homlock. fGhe chnrceal is in cuzld
viecess The tops of the boulders, upen which the
hemlock is growing, cen be sxfoliated readily in
gnall piocece woeld a fire hrove nsds these curfoces
more subjeet to disintegration?

Tree #330, a 4=inch hemlock, is grovinz within 2
feet of #331e One of its larger rools hos growa
wpward at a very percoptibdleo angle and into tho side
¢f the slight elevatiocn on uhich the lorge nerlosl is

grovicge %ho root is now suspended in mideair with
e



- 50 feot of logs were removed frem bLetwe
2

no crgmule or minersl matter touszhing it from a few
inchos whore 1t origzinates until it enters the
ground a2lmost a foot end a half BUTY e

tuestion: Did fire or fives occur before or aficr

uprooting of 4ree, cr voithy CGbservaiicus:
l. ¥o indication of fire on proszeat trse
2« Charcoal directly under roots oun sure
‘ faces of boulderse

Je Present orgenie accumulations show no
- evidence of baving been burascd.

L, Gld wood under tree shows no signs\ of firc.

¥rogment 32 B - 34 K

Chestrut bole lyins diagcn..}.ly aeross the plot
noar trees y492 end =.',f> 6.  Tho bole is about 30
feot long. The larger or rorihern end is avproxie
nalely 2 feet in diametor, whileo tho othoer ond is
ebout cns foote Che dlaometers cre Aifliiculd ¢
deternine because the nole hag flattencd cat dus to

decaye The big end still hue a sav line oa ite

Direcetly in line with the bole, about 51 fest to

. the northeast and off ths plet, is s hucs chestmad
stunp 5«1/2 feet :ln diemetor The chestmt was cut
as l: uic‘z..cu. by the sew linee o oblzyr ches L.-'.;l ]
stunps in the local arca ars of proporticns similsr
to the prostrate 'bolq. The evidenco susrasis th

the bole balongs to the mga gtuwipe  IF
N

of the bole that is lying on the growad o
stunp, .;“.vor‘ro*'irmtoly 80 faet of tree coul
re*orc..anteu nore. plas 20 fect more thot mi
extended beyehd the enall end of tho bole
total height cculd have been cboub 100 feate

One hndred twenty-four annual » '1:33 vare gonnted
on the largs end ¢f the bBols, inelud zben

inches of its radius. What pr oura’, o
radius 1t included e not Inowae hou 01'1
thic {ree Ve at the stuup? .

Ct



.~

9

Doseriviion of Mounds and Pite Resmliineg "1"'" Dprootl of Treen

There were 62% perceptidle mounds and pits on the research pl
had iresulted from the'uprooting of treos (Fige 26). Soven of thase
nounds and pits, plus threoz others that occurred off of the arsa tut in
the inmnmediate vioinity. ware eelected for intensive investigation.

(Fizgse 8-16). Dach uprooting was treated as follows:
1. Record mode of magnetic boering of tree foll.

2. A cross section was excavated through the mound and
pit eprroximetely at right angles to their long axes
or perallel to thé direction of tres £211,

' »

3¢ The pro; file and gross anatomical features of the
¢cross section were plot'ced to the scale cf one foof
to the inche. Color. consistenca, end texturs of the
s80il were described under field conditicns as the
eross section was being dug or immediztely aftore
The colors were measured By comperigon wim 2

5

Munegell” eolor chert. (Consistence was deternined by
the degres of resistance offered by the soll to cxcu=
vation and deformation with & pick and shovel, Imife,

ard hands. Texture was detormined by rubtbing the

soil soparates between the fingerse

l. Tvidence of another unrooling was founds Tho mound and pit wers
obscured by the presenca ¢f hemlock 1331 (Seo pe 7)e

2. These threo noundas and pits wora selected because thelr dates ef
orizin could be datermined very closaely fren the ooes of the live fress
that were ;oc*c 1wd on them (Plates 32, 38, 39, 40, /1)e Zhoy vore des-

ign&ted. ag ”Ap“ ":3.“ and WM
3. Mansoll Color Companys Ince, 10 XKoot Franklin Ste, Baltinore 2, 1d.
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As the cross soctions wore exsavated, spocimens were ¢ollected of the wood,

romnants of the pre=disturbed forest floor.1 znd charcoal that had been -

buricd by the mound and pit.

Thirty-nine mmmds and pits were investigated in a manner simllar to
the first ten, excapt that the anatomical features of thelr eross sections
wera plotted dlagrammatically (Tigs. 19=24). The remaining 16 uproctings
obvicusly were the result of the 1938 hurricans. Only the profiles of

their cross ssctions were plottéd (FMizse 17-19)s

Etem Analysis

There uerél 566 mmbered live znd dead trees invelving 631 boles on
the ressarch iolot. ‘They were folled and tronted as follows:
1. Mee hundred and twéntybﬁ'a:c boles were secticned for
stem'analyéis. | Cross sections wore e 2d fren ezeh
at points directly afbove the root collar, 4.5 feet

from the tutt, and every 4.0 fest thereafisr alonz

&

the entire lenzth of the bole® (Plates 23, 24, 25:
Table 5).
2. A cross section was s:zwe:i from directly =bova ths root
collar of as many of the remaining 209 boles as possitle.
3. Tha total helght of each bole was measured to ths noar=

est 0¢5 feote

l. %he buried orgonie layers ero apt to contain ,ullbn end spores ¢f the

plants that wore praesent at the tine the uproolings ccourred (Plate 28).

2¢ A fey of the larger hemlocks were S‘lm.d into 8= and 12-~Icot 1c d- 18
Aversge diametsrs inside bark were recorded whero the secticas ordinarily
would have Becn removode



3. Disneters of scund cross Secbions vors moasured

 ond
®

4. Tho eross ssctiong woere talken to the laboratory and air
driede The average diemster of each was cut out oa a
table saw.l

5. Ths surface of each ‘ccction was polis‘na&z with cande

paper (Plate 26).-
-
3

X ] ase B o0 - o g o & =
P e A PN St [ SR oo mmydid men 3 em e
6. The avor: 106 CIONMBUeY” GL cull CT08S S8SCVACh WAl WILl~

ured, end its ago determined.u

The clearcutting and sectioning of the trees involved the processing of

approximately 4,400 eross sections.

Becongtruetion of Forest &tands Thet Uad Grovn on the Plod

Conarcte ovidence was found and analyzed of at least 1033
inches DeDeEHeyp 1oDe ond lorgsr that hadvgrm’m on i:he plot (Table 1). The
chronclogical ordor in which the ¢rees hod grown is illustrated by Jiss.

e

32=42. 7The procedurs employed to rasonstruct the stends vas zs follovs:

1. A 12#, hoilow=ground planocr saw blade was used. This type of sow
provides a very smcoth cut surface.

ther & ’n.\.n; o ro‘..*::y sander and 3/0
- e Y. -

2¢ Preliminary sanding was done with o
ction. Tinal finishing was doms

paper, depending uwpon size of crovss se

.
4
&

e VIING & €C¥igs O P

with a small electiric vibrator son cries of par fron
5/0 %o 11:'/0. depending uvon the Mm*iss of wood and the de: o
desired. Tho small zonder vibrates in 2 short aore a% & oo 800

strckes por minute.

o the necrest 0.1 inshy
otherwisze to the nearast inshe Diomelers of ths scotiona renoved ab Les
feot were measured both inasids and cutside of barlsy 21l othors iazide barie

4, Tho 2368 woere e unted of bLoth radii of ¢ross sect
ege of only one radius vas determined for the other gé

5. 975 boles plus 63 uproctings. Sons of ths mounds and pits conld have

.resulted from ths uprooting of nmors than ono tres.
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Qonstruetion of Dendrosroms

The radial inerements of tho following cross sections were trance
ferredl to»narrow strips of papor.
1. Ail sections of trees and stuwps that hod been
removed from directly sbove the root collar.
2. Al scctions of rools and branch vhorls that hod
besn removed i‘x:an sty
The redial increments wers transforméd into dendrograns by plotling the
annual radial growth of each croes scetion on & horizontal lins. She
radial inereunents were plott ecl on 10 2 10 = 1 inch crosse=geciion panper
with a sharp O6H lead pereil. Rvery tenth of an inch aleng tho horison-
tal equals one year of age. The height of each ‘secnent is the setund
radial growth for that ysare Tigse. 32«42 have Been reduced to approxi-
matoly one third of their originzl size.

A total of 606 Qendrozrams was consiructed.

Plotting the Dendrozrang

Thas dendrograms of the live tress wora plotted in & vertical column,
in an order approximating the actunl locatica of tho trees on the area.
Crazph paper approxinately 16 feet lonz and L feet wide was uscde Spaces
wore left bet: weon the dendrograns of the live treos for the dead tracs,

stumps, reots, branch whorls ond mounds and pits to te inserted later.

1. A norrov strip of paper wzg placed alozx\.c; the radiug of the cros
section and hsld in plase with dralting tw With ths «id of = i.:-:'o-
scopey the width of each amual ring vas mg..-..\.d cn ths peper with & sharp
€5 lezd pencil.



2.

Once the dendrosrams had been plotted, developmontal tronds of the cur-
e & Y )g

rent stand became apparent 1 (Fig. 43).

1. %he coincidence between ages, especially of the
stump éprouts. and dates of marked increcses in
radial growth rates indicated that ths plot had
been logged saveral timese The most\,rominant'
dates of logzing wore 1939.2 1390;3 ].864!:-3 and
1354.3 Several minor operations were indicated
bYetwosn 1864 and 1890, and another in 1935.

2 The dntesaof origin of the oldest trees, the 16c:p
tions of which were generally confined to tho ecsie
ern h2lf of the plot, suggestod the occurrance of

another major event zbout 1800, prababiy a loggizg.

3. The incidence of sudden decreases in rodial grouth
rates during 1944 and 1945, nost pronocunced in the
ozka, suggested an epidenis of an insects a pathogen,

or both.a

1. The dendrograms, when plotited in = vertical coldmn and eonelidersd
colleatively, conatitute & Weilvagran.®

2 Thoe evidenee on the ground, ag woll as Harvard Forest £

cated that ths logging operation of 1539 was conducicd o salvage the {trecs
that had been uvrooted and othervise damased by %no mrrice

3. The astual lozgings could have been conducted during the yeor proceding
each of thess dates, during the growing secason of the dates designated,

or both.

4. Gypsy moth cutbreaks of epildemic provoriione were descrited in the towm
of Potershan for 19L4 and 1945 (Zess, Spurr, and Litileld



L. A sorles of successive growth rate insreasece

€1

betwesn 1908 and 1920, prir'e.rily in the under-

story he nlocks) suggestod sn important environ-

4 .1
nental infiuence at worke.

Se¢ The areal distridution of the effects of logg
vathogzens, insects, and the 1938 hurrlcane could
be mappeds Some effected the whole plot, others

only portions of it.z

The information derived from the dendrograms of thoe live trees was
used a8 a basis for determining the proper chromolegical niches for the
deéd trees and stumps. First, the stands were reconstructed te 1854,
the ezrliest important date of logging indicated by the live .t::sas.

After plotting the dendrozrems and estimated sges” of the trces that had

1. %he dotes of thece increases did not coincide with de
or troe erigin. Furthermore, the distrivution of the 4 t. c
tially a "101"51 carve, cuite unlike thogs resulting from logging
‘cane, or incsset deprodation.

Ths ehestnut blizght was gaining a foothold in Massselusebtis as enrly
as 191l. Its incidence wag quite general oy 1912, 1In t Lige
¢tion was correctly made that the chectmul would be elininated as
of ccxmercial imporiasnce within a short tera of yczzrs Rang, 1911,

"
o

J 1916) *

2. Vhsn the vertical colurm of live tres dendrograns ic scamed fre

begianing to end, the mejor dates of tres origin and growth rate sz L
tions differ from one part of the plot to anothers Tho oaks thrsushcud
the lenzgth of tha plot tend to decrcase sharply in ut.l-zkl :,:o "£423 L.u.s:. 2
1944 and 1945.  In coatrast, the influecnees of ths lozzing operatlioas of
1890 and 1854 are most proncunced on the wostern half of 'ﬁl-e ot

3. Diameter-age relationships at etump heizht vers determined fo:
of the spocies prosent (Tables 22=283) (Srace and Sclmmacher, 1942
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9. Pertinent featurcs of the local areat
a. Tour major oge classes of troest
1. 7—;3 yerrs old
2. G0=63 ¥
3. 17 " ]
, Le 1L @ n
Y. 1Live trees had marked radiel growth
rats insreases during 188990 and
1935=3G.

3. Interpretation:
Since the oak was 2live and hod been felled in

1952 when it was 97 years old, its dendrozrin
was plotted to show that 1t originsted in 1830.

Stunmp ¥4 - Aspea
A. 3Basic data: (ReZer to Tres 5)

le 9 inches d.i .b.

2 S*‘myn;e appoars as & hollow c¢ylinder ctanding
.. on end. Zark is 54111 intesct, while wood
’ hasg dscomposed (Plate h3)
3. Yo eross seciion or aze avalladle. Sac-
tions wers obtaimed fron two other similar

. aspsn stumps.
4. Pertinent features of ths loeal areal
a. Concentration of oimilar agpen stumd
be lNumerous small stump spreuis of other
species that are 1? Jyears olde

¢. Other treoes show narked inerenses in
radinl growth rates duwring 1935=35.

B. Interpretation:

Vhen the distributionsof ths cspen stumns wore
rappady the l7=yesr-old svrout hardwoods, and
-the trses that demonstrated marked growtia
increases in 1935=3%, 21l were confined t0 a
small area, .on tho westera edlge of the nplot

o -

r’ al * a3 -~ Ave "t~
The aspen stumms had rosulted fronm & ninor

o d £

ging operation in 1935*. Thc estinmat &
span of the assen stump was plotted i
terminated in 1535. Its date of

¥nown, but zzce of two other AEDoi
ated that they hed or .Lu-a»-..u\,(.\. A
1854, Thorefors, 2ll aspen .:t*;;fr
to originate UVetwecen these Two dale

1. Harvard Forest records deseridbe such logging cperations during 193

to remove the aspane



Tros %

£
83 = Deald chostmd

A. Dasic datas

3.

Mern NnYes z w3 B eoat~ “omn A W
1. w0 Doles, > and 6 inehsot Deleiles “ebe

2+ Zach bole 25 years olde

3. Stump-sprout origin.

L, Parental ctump is 20 inchas d.i.D.

5. Stump ie 2t leact 75 years olde

6. Stump is the result of a lozzing opera-
tion. The saw lino is still evident.

7. Pertinent features of the loczl ares:

a. Tour other elumps of dead chastmub
trees and stumps, all within 2 few
feet of one aanocthar.

Y.~ o large live treos present. YThe

. elosest large treo is 288, & 15
inch henloclzy which inerenscd sud-
donly in radial growth during 10

6. Two hamlocks, 254 und 1265, cach
3¢9 inchss DeBeles Lebep arc groving

thin 3 feet of this eluxmp. They
show merked radiel growir increaces
in 1891 and 1892 rospectively.

d. live traecs surrcunding the arca are
predoninantly one age class: 60=63
years old.

Interpretation:

The date of death of the chastauts 4s known to

Yo betwsen 1908 and 1920. %he dendérozram of ons
sprout was tentatively inserted into the vertical
columm of the othar dendrozrans with 4ts {eruina

end falling between 1903 and 1920. Since ths

parentzl sturmp had undoubtedly beem logped in
1890, the ensuing sprouts provadbly orizinnted the

i

gsane year or shortly afterarde Therelors, the

dendrogram was replotted to tho rirht until ils

date of origin coincidsd with the coperation of

1890, When the life span of the parental sﬁu:pl

was plotted, its date of corigin nearly coincided
fa - ™~

with the lozzing cperation of 1803; The parenta
chestnut mizht woll have been of s
or root-sucker origin.

+y

17.

l. A eross section was not cut from thse parsntal chesinul stunmpe.

age was determined in the fieslde

Its



W———————

Stunp ¥208 = Hemlock
é . A+ DBasic data:
i 1. 24 inches d.iode

| ‘ ' 2. Protrudos abcut one foot cbove thas ground.
| Exposed part tco rotien for sacticning.

| 3. Rool sce tion is at Jeost 105 yeurs old.

{ §. Cross section shows extremely proasunced
i - growth inerenco approxinmately 50 yoors.

f

. ; before troo was logzzed.
- e 4 5. Tree hed growa on the side of a mound.
6. Pertinent foatures of local arosat
2. A 15-inch white oak stump, 209,
wvithin a few fect, had rottsd prac
- tically to ground level.
be ‘Iress proponderently of two ege
: _ claosos: 62=563 snd 97-93 ycars old.
' ' ce. lany tress inercased radisl growin

in 1890 and 1891,
Be Interpretation:

: The hemlock stump anpeared too rotten to have

k ‘ : rosulted frem the lozging of 1890. It also

‘ gpneared to have been cut more recently thox
white oak 209, which probably dated dack %o

- 1803. Thorafors, the dendrozram of the hom-
lock was oriented tentaltively so that its tere
ninal end was located between 1854 and 1803.

‘ thoa a few yoars wers allicwed for decny, the

e . . date of the suddon dnercnss in growth rate

' prectiecally eoineided with the logging date of

18C3. As.a result, tho dendrogsram w2s moved

‘ back until the two datos did coineide. ¥h
f L, T ~ hemlock almost surely was cut ia 1835.

Stump £553 = White pine
A. Beagic datas

l. 29 inches d.i.b. .

§ ‘ * 2. At loast 87 years old. .
. ' , 3. Hed grown on upper slopss of a nound.
H 4, Had (;ete:.i'lm':rt,e‘~ to ground level.

5. Root{ soction was at lsast 87 years old.
Growth toward perimater weas about 18 rings
por inch, wrile toward center 4% was adout
7°rings. Homlock tree %554, 35 years old,
end 2.0 inches DeBeHep debes grovinz on ‘op
of it.




6.

7.

8.

19.

Live black bireh ‘:?'555) 1708 inches DeleKes iobo.
and at least 120 years old, is growing on sido
of somo mound within a few feste Black birch
has straight bole, clear of branches for sbout
22 feoct. Howsver, healed=over branch cears,
2 to 4 inches in dismeter, versist to within a
fow feet of the grounde. Birch eould have
growm under quite opon conditions during its
earlier yoars. Only one marked fluctuation
in 1ts radial growth rate, and that is a sud~
den decreass in 1366,
Crown of bleck bireh has devoleped directly
over stump. Ho evidence that crown of the
whits pine had cver occuploed the same spaco.
Pertinent featurss of local arcal
a. Oldest live trcos on ths plot cecur on
this eastern ende Tholr dates of
origin ranse betwesa 1799 and 1808.
b. Kajor lozging took place in 1803, with
several ninor operatiocns ialer.

B. Interpretaéion:

Wnite pine stump $3553 was highly detericrated,

mugh more so than stumns of tho szmo opeocies, end
gimilar size and growth rate on the westora pord

-
of the plote The pine and birch wsre nsver
tomporarics. ©Since ths easlern third of the p
hod besn practically clear cut in 2803, this
probably was the result of that eperaiion. I
dendrozram evuld be nadee Howavor, O
st least €7 years o0lds Thorefore, iis

¢y .
O o

E

&

-]

e
age, 14l years plus or minus ths standard erzor
of ostinate of 21 years, was ploitted.



Urnrooted Treas

sntiva Lzaa of tha ¥oumde and

The eross sectlions of the mounds and pits were eompored.

tionship betwsen profile form ond internal churacteristics was very pro=

nounced. Tais esolncidence Yotweon form and structurse indicated that

fcurl major relative eze classes existed (Tizs. B=2L) e
Relativo . Yumber of
eze class - cunds and pito

1 : 18
T - : 2
S S S : 8
v 1
v ‘ 15
Vi ' 18

Forn and Strunture of the ¥ajor Relative Ara Clnzses

Each 2ge class of mounds and plts was characierized Ly o cot of fora

and anatomical foatures that was related to its stzze of develorment

(Table 6).

Age Class I
Type specimen — Hound end pit 1

1

Hound and vit %1 (Fig. 8) resulted from the uproot-

ing of red oak #25.  Two bolez, adproxinately 10

and 7 1nclea D.B.n. and 53 years old, wvere partially

uprooted. The disturbance cccurrad on rﬂ’:?;vbly

level ”round. the boleg f"’ inz in a ¥ 35° ¥ direo-
ey

tion. mhe coll 1s a Juffroy 1
s 1.‘191-
8

P a
3 sectlon

ozk was salvagad in ‘9, .3 The er

Ly £ins candy

“he

&
infeor-

sects the wostern two=-Tfifths of tha nound and pite
1. Profile: /
' The maximum rolief between the mound and pie
is very vroncunced, 2.2 feet vertical distonce
over & horizoatal eren of 2.0 fecte Tho proe
file is deciledly angulare
Le Two of the ;elwtiva ege clusﬂea D“v"out invelved only {hree mounds
and pitse tuo in cuze class, and one in the cother. .
2. te of salvage deternined from evidenca on the plote JCorroborated

by Earvarl Terost records.

rm o
Tha Tola~
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2. Arrvangement ef soll horigzonst
The crons section has the gb“er.l &nnear-
ance of having been p"eat;v disturd
soil horizons are dissontinu _s. on
t20t with t‘m disturbed I‘Q":iO‘ g very abrunte
The long exes of the dieturbed regzcns deviaie
sharply from the horizontal. ’

30 Pide
The emount of litter ncownlation ond the
degrae of orgonic incorporation with minerzi
raterial is negligivle.

ke 3Buried soil hﬂ“inons:

(

Hone preccnie

5¢ Puried wsod

Age Class III
Type tvecimen -= Mound and pit 3

. Mound 2nd pit B resulted from the topplinz of a tree
to the south 2t a right arsle to a L0 percent slove

" (Fig. 9)e Tho sgoil is Brookfield stony loan
(Simmong, 1939). Two largs trees were growing on the
mounde One, & blsek birch 18 inches DeB.He and 136
years old, wre perched on colummer roots co that its
oot eoller was almost & feet adove the erset of ths
nound (Plate 40). “he other, a l2=ineh hemleck 105
years old, wes growing on e lover level within 2 Yeet
of ¢he birehe Hhe eross gection ;A* orsests the lowsr
third ¢f the mound and wit,

1. o Profils:

The meximn rellef betwsen ths nmound end pit
is 1.0 feot &: tical over L.G zcct heXe3s :
distznces Tho profile is a seris
CUTVeS.

1. Buried horizons of the pre-~disturdbed ssil were prasc
moundes of thig age e¢lags thot resuited Ifroa the tﬂw”‘ir
hill (Fiz. 16).

T 0

2. ‘Yhose remains of the uprocted trees which have b
eral material and ordincrily eznnet be geen without
s,

had Bao
IS 8

instences, whole %trees were still pr:;.;a that ¥
the mounds and pite of ege eluss I {Piates 35, 3

v
i
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' 2. Arro.ngeﬂent of ¢o0il horizons:

The cross section has the apnor Vr::‘:e of unson=
formity. 're horigzons aro discontirmcuse tha
~boundaries between ths relatively undisiurbed
and disturbed rezions are cleare Slo relatlve
positions of the disturbed reglons are
askawe The developzmont of organic izy
the surface is very irrezulor, with ¢
¢ione thal ere decp ia the pi" and merely & film
on {he mound crcoste

3. Pil:
The depth of organic accwmulation is very
. pronocunceds The dezroe of crzarnic incorpera-
tion with minersl material 4o slight and irrezu-
lar, as is the dogree of lecchinge

e Buried. soii horizo

Zuried korizons are present, the most cva-
spicucue. of which is & leyer of highly decom=-
posed orgenic walligre™

5+ 3Buried wood of the uprcoted g oes:
Large quantities praceul.”
Ago Class V
Type specimen =-- Hound snd pit 417
Mound and pit #17 (Fige. 10} occcurred on relativsly level
ground, the directicn of .the trse 211 baing 5 55° .
Tha soil is a Brookfield stony lo wm {(Simmons, . 1939).
The remains of two stumps, $208 and 3209, vers prescnt
on the mound. 3203, @& homleelk 2% inches in dicmster
‘with & minim::x ege of 105 years, hod resulted from the
lozzing oporation of 1854. 202, a white nes

i Q

W

in dianoter ond at least 137 years old, had

.in 1803. Two live trees weore growing oz ti
pit surfacss. A& boech tree, 210, 6 inc
91 years old, was on {the mounde A red oak

‘b
5]
e e ©

g

1. In rezions whare podzolization is a dominant process, the AZ horizeon
is a consplcucus feature of Luried soils.

2. Had ths cross 10“1 boen excavate
(usualliy prchibiteu oy the prcscwu of >

that indicated by Tige 9 would have be il

uprosted tree is orumari?y cunce,n. ated in tho lesward s the mound.
Tnouzh wood wag removed from each of the mounds of sge ciass IIXI to £ill
& vushel baskebe

ive h-vul'i;. mol

GRpRal *ONTe - &L

% I‘ t«'

CL
&



~l. The buriel organic matter hos u*u“tpor"cl. In 1tc stecd is a
o1 Y

23

" 8 4nches DeB.E. ond 63 years old, was on the edge of
the pite Yhe cross scctien intersects the wsstern
two fifths of the uvrooting

1. Profile:
ko maxirum relief is lel feot over 7.5
feote  Tho profile consisis of a smocoth, very
elongated S—shepcd curves

2e LArrongenent of 801l horigzonst
.

“he distinction between the disturbed und
undisturbed rozions is not hz«nlv controstins.
' Tha horisons, though éiscontinuous, zcrge grade

ually seross the length of tua cross sectione
The long exes of tho dlisturbed reglons oe
aporonching the hu“l“GLGa;. and are wragti
varailel with the surface of the foraest £l

The scoumulation of organic matier ig

wniforms about equal ezcunts veling pr

the pit and on the mound surfaces. &

of leaching is irregular, the leoast ¢
on the erest ©f ¢he mound.
3. Pit:
Tha depth of orzenie incorporation is very
pronomeeds One of the most ceuspleuocus
anatonical features.

4, Turied scil horizons!
A buried goil is present, thoe most conspicur
,ous yart of which is the uppmer portion of the
3 horizone Yext to the pit resgicn, this
feature is tho most proncuansed internal goasiilu-

2

ent of tho ercss scc 1 Cile

5. Buried wood of the uprooted tresd
Yoae presente

horizon that rocembles the 3, mors thon it doas any of thae & horizons.
Song of tho buried soilg of ?’u elass V were very concpicusus due o

thelr charcosl contente Others contained reunants of Ap horizons.
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‘Ags Class V3

. " fype specimen - Mcound end pit 4
. - u ltf-
Mound and pit &4 (Fige 11)

- . 8 man
mT [ ~ebt \ﬂ \ "y o >
w3 4.; TGALLGSOe .,1.4. CCOLOL

TV ” T oS0 ST e R T fesd

The soll is S JOLLIBY L2005 ne .
-glaciofluvial origin (Cimaous, 19 7)- A G=insh
aspen stump, 983, was located ca the wostern edge of
the mound. The e¢ross section intersccts the center
of the uprooting.

le Profiled
The maximum relief 4s 0.3 fect cver 3.3 feet,
only & slizht olevatioca and deprossion in the
forest £loore

2¢ Arrzangement of soil horizonse
The horizons are practically contirucus along
the lenzth of thoe ercss secticne Yhe : rjor

uneonfornity is the pif, and even hor
aries are very difluse. Zho noris& ar
tially horizoatal. Their boundarie 8 i
1n00%h and rezular, the most spparsnt execntica
/  oeeurring whers the C horison unduiaztest porcep—
tibly. Horizons of organic concentration and
of dncipient leaching tro cuite evonly developed
aocross the surface of the ground.
3. Pit: ’
Fxtrenmities of tho pit are ocutlined by the
dezree of orzonic incorporation. wha nos t DL O

nounced anatonical featuzro.

4, 3Buried scil horizcaness
tone apparant.z

5. 3Buried woed of tha uprooted tros:
Hone prescnte.

The form =nd anatozical features that eharacterised sach relative

age class of uprootings are summarized in Table 6.

1. - Perceptible dip in tho C horizon. and econsequently of tho ons aboves
is due primarily %o the {hrust and goa;zxz effeet of the roots at the
tima of uprooting. Prastically all of tho creos gections showsd this
foaturo.

2. Cecasionally a plane consisting of ch“rconl vas prgsanu in thie 220
classe )
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Pirection of Troe Fall

.

The directions of tree £all were corparcd by age claszes (Fige Z5).
In euch class, the directions of $rce fall were concenirated Ina oas or
parts of two SO0-degree quadrants: the northwost and sout
group~wise distribution indicated nol only thet the mounds and plis eould
be separated logieally iﬁto age classes, but also that thay had rosulied

from storms, probably hurricanes, cozpsrsble to the ons of 1928,

AatusY Acog 0f WMounds and Ritgs

The cotual ares of all but the oldest of the relalive age classes,
murbher VI, were determined from the dates of origin and the relative
positions of the Ircecs that had grown on the surfaces of ths mounds and
pits (Padle 8). g The dnte cof each uproot l. could not bs fixed direetly
from the treses that had grown on ite. Yevertholess, the ages of typical
speéimena of each class of uprootings could Ye deternmined.

2 wnreponderance of evidence indicated that the rounds and
Drep

(=0
O
pte
s
7]
[»]
[

age class I had resulted from the hurricens of 1933 (Plates 29, 30, 31

end 33). Perehed live trecs dated precisely the uprootings of classes

I and III as 1851 and 1815 resnective ly (Fizs. 12, 1l; Plates 3C-L1).

The single uprooting of class IV was estimated ¢o huve cccurrsd bolween
1730 and 1750. Tho oldest tree on its surfaces was a li7-yesr-old live
white osk groving aprroximately .gid 2y up the slome of the mound. Yas

positicn of the oak in relation to the erest and shape of ths mound indie

ated that sbout 50 4o 70 years had elansed afler the uprsoting belors

.s

the oak becane esiablished. In & sinilar manner, gseverzl of the mounds

and "’)i‘b“ 0? ago class ¥V were dnted ..o the firgsh half of ths seventeeonth

century.
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occurred between 1400 end 1500 as the result of a major hurricans.

‘Snerlies of Uprooted Treos

Only 101 of the 62 mounds ‘e.nd pits contained valid buried remnants
i ths resn Shat Bl Bees ngprosketi the ks moundy of dgs gisss 15 and
the eizht of class III (Table 7; Plates 36, 37). The species of the
wood indicated that 9 of the 10 nmounds and pits resulicd frem ths
uprooting of white pines, while one was due to the toppling of a vhilte
cake.

2 of ‘the nounds containd charcoal that definifely could

Only two
be related3 to the troes that had been uprooted (Tabdle 7). TFhe spocies
were white pine and hemlock. -

The species could not Ye detemiﬁed of the trees that had formed

- the remaining mounds and pits of clagses IV, V and VI.

1. Actually 13 of tho 62 mounds and pits contained wood. ot included
is the uprooting deseribed under nemicck £331. This unrooting was
rlaced in eze clags III since it contained large quontitlses of weo
occcurred. in the samo local erea with the ov;.v.. wprootinzg of {this

and had cn its surfsce 2 12l=-yoore=old heunlocl, as did scveral of ita

associatose. The buried wood was white piace

2. Altogether, 18 of the uprootings containeld charcozl.

3. Iarse concentrations of charcoal occcurred in the leoward sides of the
mounds above the buricd horizons of ths pre=iisturbed &0 'wi;:ro crdi-

- -

narily wood of tho uzrocted ires ccours: as 'i;h“*-.z L:.a b
trees had burned in place after uprooting. 43
charcoz



" direction of f2ll. Vhen these fzctors were held coastant, ths unrocotinzs

Diamaters of Uonrooted Tracs

The diamoters could be determdned dircctly for only thoce tress that
had been uprooted in 1938. With the kmown variables tsken inte consi
ation, & comparison bf tho 1938 nound and pit dimonsions chowed sevoral
relationshipsg The factors of soil, physiolozical condition cf ths treo,
and the direction of f£all in relation to slops appeared to have nors
infliuence on ths degree of disturbance than the diameters of tha trees.
Iarge dead trees created less disturbance around thelr immediats bases
than considerably emaller live trecs. Those uprooted om beuldery solls
produced small mounds aﬁd"pits reogardless of dismeter, condition, and
of trees of quite different dismeters resulted in assentially ths camg
deérea of disturbanes. Uprootings 49, 56, 60 and 61 (Figs. 16, 18, 19)
are prasticelly the same sige, while the ireces }espcnsiblo are 15, 10,

14 and 24 inches respectively.

With & fevw exceptions.l the dimensions of tho uprootings comprising
the five oldest age classes ere remarkaebly uaniforn. Fartheraore, the
degres of disturbance that resulted from the wuprooting of ¢treos of mown
diemeters, spocifically Wos. 49, 56, 60 and 61, sugzosts that most of
iha nounds and pits of the five oldsst age classes probobly reselted
fron trees 12 to 24 inches in diamate}.

Diameters of uprooted trees were astinsted from thoe dogros of dis-

turbanse indicated by ths general properbions of the resultin

, 3 moands and
pits (Fizs. 8=24). The estimates were based on the uproctings of 1938,

with due conslideration given to factors of s0il, slopa, direction of ¢ras

fall 1a relation to slopes end physiolozlcal condition of the tree {Tidle 7).

1. Hos. 17, 19, 25 are consideradly larzer than tho reste
2. 6~inch diamoter classos. '
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30.

alnost 211 of the chestmut and white oak were felled. Only 17 percent
of the total basal srea was left, and this was vhite pine oconfinesd largaly
to ths western half of the plot.

Almost half of the remalning pines wers blowm over by the hurricane
of 1815. The uprootings occecurred on a small area near the center of
the plote |

In 1854, the stand was essentially one of white pine standards
towering over a ‘co:opice of chestmut and red maple sproutse Tho areza was
operated againy this time the logzing w2g concentrated ca the western
halfs Most of the pine and over half of the chestmut, red maple, and
vhite oa.k were follede About thres fourths of the basal area was cul.

A

A series of four “mindr'.lc:g.gimgs*fonwad during the next 35 years.

 Those of 1884, 1872, and 1878 wers fuelwood cperations vhich removad

primarily small chestmet and red maple sprouts 3 to 8 inches in dimmster.
The cecasicnal larger chestmut, hemlosk, bleek birsh, red mavle, oy white
oak was not cut; In 1882, a sawlog operation was condusted te harvest
the fow remaining larger white pines and about half e¢f the chestmut.

By 1889, the stand had developed a definite thres=storied ctructurs.
Scattered over the aren, especially ths eastern half, were occacsicnal
hemlocks; chestnuts.- vhite oa2ks, red mzples, and black birches ranging in
diameter from 10 to 21 inches. | They constituted the upper canspye
Sprouts of chestnut and red maple, 2 to 6 inches in diasmeter, dominated
the intermediate story, while emaller henmlocks and black birches provided
a gonspicuous understory only a f.,.;' feet highe Thae leozzing coperstion

of this year, in effesct, r:moved nost of the intermediate story of sprout

. hardwoods and a large proportion of the chestnut which compriscd the
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upper canopye The vestorn portion was logged the heaviest, the castera
part only slightly, while the central portion, which had been uprooted in
1815, was scarcely disturbed. About 1D percent of ths dasal orez was

-

renoved durinz this operations the laet major loggzing to be conducted.

prY

Y Y wr

Betwaen 1839 and 1909, the chastmut sprouted end grew with sueh vizer
that it more than regained its former status as a major elemend in tho
intermediate canopy of the three=storied stand. Vhen the chestnul blight

hit the stand, approximatalq in 1909, over one third of the basal &rce wos

nade up of chestnut. Thils species had more than quadrupled its basal

‘area since 1889, By 1915, most of it was dead. TFrom 1839 to 1915, hez=

loek and black bireh devoloped at a rate almost ccmparable to thal of ths
chestrute Thelr basal areas ware practically trebled, and in geaeral,
the understory which they had previcusly providéd bocame even nore pro=
acunceds The death of the chestnul and the accelerated developmont
the hemlock and dlack birch a2ltered tho threewstoricd structure of the
stand to one of two caneplece Hemlocks, black birches, red maples, sad
red and white ocks 10 to 20 inches in diameter overtopped & genersl under-
story of smaller trces of the same spscies, but predominantly hemiocks,
of from 2 to 5 inches in dlametere A emell group of large=tooth atpen
occurrec} oz the extrems wostera end of tho plot.

A minor operation was condueted in 1935 to remove the sunll group
of aspen. In the process, s few small maples and oalts were fellods
Since 1915, the hemlock cgain had increas od 1ts besal area significantly.
It now cozprised 35 percent of the basal srez, and with 'b..&cu birch nade

up ovor 50 percent of ths stand.
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-

tha hrricane of 1938 was responsidle for tho destruction o2 over 70

trocs.  Nighteen were uprocted directly, while the rest werse dsnmasged so

%]

severely i at they either were salvaged in 1939 or dizd shortly afierward.

'he most sovere danagze oescurred on the eastern half of the plct vhera the

largeet trees vers most abundant. Uprooting wés gonerally distributed

over the area, howover. Abcut one fourth of the basal area was desiroyed.
Tha cormosition of the 1945 stand was essentinlly the same 2s that

of the 1938 stand bdefore the hurricane. IHeulock comprissd 4l wercend of

the basal area, black birch 19, red maple 14, and red and white ozk 9 nor-

cend eachs Tven thoush the hemlock and blosk bireh had regsined thaeir

Yaszl arcasg lost by unrooting, the basal area of ths entire stand was

still below that of 19383. Durinz 1044 and 1945, ths stand was subjoated

to gypsy moth defoliation. Suppressed white and red onks ware affceted
moste About one fourth of the white onks 2 inches end larger in dinnmoter
Ao . ,

ware killed, while approximately ona £ifth of the rad oals zaecumbed.

Only about 3 porcent ef the basal area of the stand was lost, howaver.

The stand of 1952 was essentiallyvof hemlock and mixed hardwoods.
Hemlock was ths primary species by far, both from the mimerieal =nd the
basal area standpoints. It comprised almost 47 percent of tho stand.
Black bireh and red meple wers reproescated by nearly thoe same rurber of
trees 2 inches and larger in dismeter, but tho birch m=2de up tha larzer
percentsge of the basal area, 19 percent. Red osk was next ln fmpor-
tance with 10 percent of the basal awvea, Tollowed by whits sl wiih ©
percents Yhite pine and papeé bireh comprised slightly over one npercent
each. The zbundance of gmall, suppressed hemlocks fesultea in a definite

twomstory structure in over half of tho plote In general, the largsst



o

end oldest‘ﬁreos occurred on the eastern.hmlf of the plot. "he lurges

: 1
trees wore hemlock, 20 to 21 inches in dismeter and 70 %o €0 feet tall.

. The absence of fire gsears on the troes plus the spoti
of charcosl, indicate that the plot hzad net beon sovere
least during the 1u3t 500 yours. Fire is about the
turving ageni, however, to which the arcs

- “ b “n $.
e s Su.;];\,..v
277l dnymroande

tine. The spc*tv dietrivution of the ¢ e cusrests
rosult of small fires buillt by Indians end logsers for coolis

ﬁj.

&
~
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The historicul-developmentgl method is extremely clmple. It 12
based upon the cvidence that exists in the forest. Ag 2 method, iis
degres of anplication can be alterad to meet ths decsires of the research
worksr and tho charzcteristics of ¢ths area Y0 be investignt

Cnly a part ¢f the data ecourmulated in the prescnt study have besa
used in the preceding discussion. The investization here deccridbed ima
designed prineipally to trase the developmental treads of the Zorest come
position on a emall) plote All troes loss than l.5 inches in diameter

have been arbifrarily excluded from the discussicu. Ea&'the diccuesion

i
ineluded all of the trees down o0 tha szallest recosmissble seedling,+ e

better understanding of the future compositiocnal {rends coculd have beca
aghlisved. ' )

The evidence afforded by the troes larger than 1.5 inchos in dianster
vas not fully utiliged oither. Only the species, nunmbers, ages, radlisl
growth, and diamsters §f'the troes that had comprissd the stands ware
determine& at this time. The characteristics of heisght and volums growth

cculd have been eonsidersd as wall.z .

1, %ho trees less than l.5 inches DeBeH.s iebe down te tho cnallest »
pizable seedlinz wvere annlyzoed. ¥ach wns logotced znd dssewrived in
simnilar to the larger trees. A cross sectica for tornm]
cut from each scedling at & voint directly above

L5
wora also collcseted of both roots and stems direct o end &
recot collars of sprout-crigin treess A map of the sma e b 4
trated by Fige 27. A belt transcet of nilacrs plots wa tablish
samnle the kerbaceous and shrubby comvoneats of the olot (Fige Z0).

2. This phace of the project is in prozrces.
and dead troes will pc:‘:i't accurate deterniasiic:
growthe The hoightec and volumes of tho trecs :

uprootings can be reasonadbly estlimaled from th

betwaon DeBeHes height, and volumo of ths live and dozd treoce At lens
the minivunr volume ¢f wood that the area hns produced over the last 150

years caa be couputed



\ ]
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The exploitation of the mcunds and pits was c¢onfined to tha determl-

nation of what kinds of treo had growa where and when. Cace the beckground

of inforuation had Yeen derived to determine thsir dates of origin, (he

evidence innerent in uprootinzs could have been enzlyzed further, the
quantitative and cg.xalztative influences of the soil=forming prosesstos upon
goil genesis cculd be ovaluated over documented poriocds ¢f timece

Lil‘cewisé‘ the Turied pollen and spore content could be analyze&.l

Of the znéjor forest components, the stumps were the most intensively
considereds Ths fragments and charcoal were regarded primarily as
gources of substantiating evidance.z

Once an ares has been squeo%ad to an intensive historical-developmental
approach, & wvide range of alternatives for study is available to the ctu-

dent. In effesct, the devslopmental merphologzy of the current stand can

3

ip -

be reconstructed. Changss in its form, stracture, composition, and
growth can be documented over time. Subszquentilys, the relative influcnces

of the major factors responsivle for the dynanies of the forest cun be

1. Tas vollen and. spore content of ono noumd w Ths poll
of mound and pit ¢35 included white nine, m3 04
of another pinse Spores of ferns end at least

also were prasente

wigm T Dan

SAE VL
-~
DO

-~ . » "
threo snccies of lyseo

n
es
S
-

2. "The width of the srmmal rinze ln the charcoal could e i:zts:'j:-;’f.el to
suggest the conditions under which the treos hed growa (Tablie 7).

3¢ 4 series of profiles constructed of the stand to s“..r tho heilg

relationships of the trees at various stapgos noy Be ueeld in eonjunctlon

with stand maps a8 & basis for diggramnaiic pe spective dravingse The
P Ay L - & m

develoonent of the mlororelief of the forest floor com e illusiraled by
a geries of contour mapse
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In contragt to the areal appreach, tho developmant of fudividual
tress can be analyzeds Juvenilo chorsstoristics, ectsblighel threugzh

; myeiend S A AR 3 - na Lonbas S +%e S AP ON R S
roseated observations, ¢an be evalinted az fagtors ia Thz Ticeonnn o Tille

urs of & speclies to gompete with the aver=changing environn ~1;.l Yroes
of the sane meéies. the forms of which are known to have deovslopsd under
radically differont conditions, e¢an bYe sompared to show the range of
reastion in specifiec characteristics that can be expected,.z The geno=

3

types ‘cf sca trees can be traced 'successtvely to the proasolonial forast.”
-
They have yersisted by vegetative roproduction, and represent the third
or fourth géneraﬂon of snrouts in the some clonss.
The historical-develormnental method londs 4tecelf also to extencive
application. Oﬁa or several of the forest commonents mny be investigatsd
ovar a largs nz;ea. Experience within a foraest region enables the iden=-

tificatlon of stuumps and the age determination of uprootings by cursory

exaninatione An investigation eonld be conduated over oxtensive zreas

%W

1. Oak sesdlings were ovserved reneatedly te hnv
fueh roots were present alzo on 50=- <o w-""r«- 1d
Howover, they were not evidendt on st uq of ook ?.w
(Plate 13). Birches and hemlocks developed wer
systens, epparently canable of econforming
were growving. This type of roct sould be
of thase latter species to Yesoms establicl 3-
surfaces provided by young noundse Lhe 3’::‘@;;:12:1-' ‘

hnd becoue established on stumps and boulders were
birche

P2 o &

Sprouting ability is related to age of purenial stup. his footoy
could aceount in large measurs for tha zbundance of cheginmat =t {he tins
of the bligat.

2. Xenloek #6735, Plate 22, dovelopad under oper=grown conditions due %o
logzinge  Hemlosk 2107, ..:.s.'w 21, grey a3 & part of an iatermediste
eanopy where compstition for erown space was Soverde

3. Red maples especially, and chestimut befors the zdvent ¢f the bliighie



._.._

a0
S

that night include, for exemple, only the analysis of ctumps or the pollen
content of the moundse .

The historicai—dcvelopmental wpethed of forest ecological researeh is
vasically one of fundamental deseription, eomparadle in many respects to
the purely objective disseotion=deseription of & plent or animale. o
besie quantitati#e data regarding pﬂysiological procasses c¢r facets of
the eavivroament will be derived from its applioation alone. Nelther will
the whys aand whefef;res of plant digiribvution be solved. However, tha

definits ehronolog 1031 sequencs of compositional trends ean be docuneated.
¥ajor fluctuations in the environment and the primary expressions of-tho
forest vegetation to related chanzes can 5@ cbservad. And the tinme fae-
tor, so influential 4n the develorment of forosts, can be telesscped by
the meticulous application of simple tecﬁuiqnes «;d Juéieicue observation.
The results of many years of #lature's experime nts“ can be scratiniged

within a gomparatively short time. The problem arens cza thean be sube

‘Jected 10 experimental techniques thyough a “ieam approach, ¥ and many

provlexs carried to their loziecal golutions. It would endear that un to
this time we have neglectsd to dﬁssact qur major subjest of study, ths
foreste

All sei entific rasearch consists of accumalating coservations. Thus
subjecte examined vary tremendously as do the techniques cmployeds Ullie
wately the data are synthesiged. Conclusions are derived whlch lead to
yartial golutionse Additiomal fosels of knowlodge have besn expossd,

and ucre advanced.planes have been costabliched on which further reasco=

ing can be based for an approzch to another sot of unkuowns.



R T - L T g

e i s S RREREE assntiaree. oe il il

Balley, I. Wep ond He Al Spochr (1929). She role of research in the
development of forestry in Forth America. Tho MHacmillan Co.,
Hew York.

Bess, He Aep Yo Yo Srory, 2nd Feo ¥We Littlefield (191:‘?)0 Porzcet site
conditicnsg d the gypsy noth. Harvard Forest Bulle. I1oe 22.
r.-vwa cra ts» Petersham, Mass.

BrOOks. Co Feo (1939)0 Horricanes iato New EZngland. CC;O;TQ R‘GVQ. Vole. 29.
De 110=127.

(1945}, Tho Wow Fnsland hurricans of September, 1944. Ceczr,
HeVey Vol 34. Te 1_))"1_100

Bruge, Dey and Fo Xe Schumacher (1942). Forast mensurantion. ond ode
MeGraweIill Boolk Co., Ins. lew Tork and London.

Clements, Po Mo (1905). Research mathods in ecologzy. . Lincoln, Nebrack

Hawley, R« Co (1937). The practice cf silvieulture. 4th ed. Jomm
Wiley and Sonss Inc. How York. :

) | 4 P A LT S - L ~
Iute, H. J. (1930). The vegotaticn of Hearils Contenty, a virzin foresd
- -~ -~ : - ”
in northwastern Pennsylvania. Ieolozy, Vole 13, Poe 1=25e

Perley, S. {(1891). Historic storns of Yew EZnzlande The Salem Press
mblzs.l*“* end Printing Coe. Solom, ¥osse

Rane, J. W. (1911). The chestout bark dizsazs. State Toresterts OZfice,
6 Beagcon Stes Zoston, as

(1912). The chastnut Tovlk disszze. State Torscteris Cgfice,
6 Boason St., Boztcn, MooSe

(1916). The cheztmt bark discase. State Forester's O27iee,
6 Zeacon Streced, Dost lasS,

Raupy He M.p 2nd R. B. Carlson (1941). History of land uwse in ths
Harvard Foresd. Harvard Poroest Dulle Hoe 20. Harvard Forost,

Peterﬁhm‘ Maga,.

Simmons, Ce 8. (1939). Soil survey of Tom Swamp Bleck, Harverd Forost,

. N . e - .
PG{;UI’Q 8, ¥ D38 Z...-J ‘un & \Jl.ﬂﬁt I,vi,u-\.-‘uac Peters

Tonnenill, I. R. (1944). Furricenes: Their naturo end history.
Princstcn.

Theophrastus, (370~285 B. Cu). Enouiry into wlanis.
: by Sir Arilur Hort. 2 volumes. Zondon, 1916.



°T STHOILE STNUTS

T TOIT SN0
7 BANNX SNOILTD
7 WNIGRI 00V

(eTTT) ©aQel? whiz)d

*7 wjueT ®INYeg
“YIuE BITOXIPWRID sndeg

*xyoT w3u4uepTPURL? enyndod
o1pe} (*T) STsuOpTUED IPpYOUTIOWY

SUel U33el

ouTd e3TuA
AWO BTN
¥eo pes
etdem pel
Lxoxoty
Rootumey
qnuyseyd
qox3q sodwd
uoaTq MPelq
yoeeq

u_adsm paqgooq-eﬂmt
JojyoOunIoun

el Uowwa

‘dsy

Iemv ‘.W

UOTejaAeIqqQY




S St sl VIS ST e o T -
AR e N I LT et WD
- AR P L T e S Y
) 1, ! Vo ¥
¥ sl
&
W #
ey s
I 3 g
L .
e

-
- _ e,
-

e layy T,

~ &

v o
. ¥
.
.
. t

- 2
. %
(o "
: ™ <3

i

Flate 8+ Vhite pine stww #95. Siuwn is 20 inches

in dismeter and at leas? 43 years old.

- & boulder,. the surface of whish I3 eov

e head

Ui

Stam 1s o

ed with chore

conle The stump ond roois show no evidenes of naving

sl

SAY

: g Tifta ;i n a1 s PO . S vy Y EETT
Yeen burned. naen situlp was removed, chorgosl was

observed under the roobts. Also, the bark uas etill

intact vhere ¢he roots restel uson ths
dence suggzests that a fire cccurrsd t

Y
pinc became establishod. Dlado of saw
n

longe lMaasuring tape is 2 inches &

3

. & A&

LG Wale

diameter.
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® OCCUSRENCE ~ FOREST FLOOR
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