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T. Imbredustion
4, Higtorical baskgrou
In the yesra b

» Tarulng weg given Up on

mugh of the land in cenbtral Hew ingland, Thesze "abandonsd®
figlds reverbsf to forest. Charagberistieslly, white pins®
dominated in most of dhe 014 Lields %o the exclusion of othar
species, The conditions that pade ths old fleld stends possible
are 85l11 funelioning bult are not well known. This seguense of
gvents regultsd in enoruous ﬁ?&@%g of nearly pure whlie pine

years of Lhe 20th copburey dhl

valusable wood using indusivy,

began Lo matupe late in

i

iyt

ne 10%h century., In the sarly

ragoures had begsome the basge of a

- e

4n Ghese survoundings, the

Haryard Forest wag asbablished in 1908,

in the usual sourse of svenis, transiilon hardwoodsh*
followed the removal of The old field pines, One of the original
vracenhs @@ the stall at the Tarvard Forest was that with propsr
sitlvieultural treatments, plne ocould bs nmade to regenevate itself

o

inaxpensively on

these cubaver lands {(Figher, 1921;.

Denss

stands of gesdlings wers esgily astablizhed fm$tﬂwiﬂ@ guttings

made In good sesd yvears.

This desired repr

pduotion »as accompanied

and {or) followsd by & vigorous growth of hardwood sesdlings and

“sproubs that had to be hsls
Thig was true even on areas

ning, btul degplie combinned

woods dominated most of the

#Zee paze la for seisniifioc

common names in this study.

bagk 1T the pninea wsre Ho survive.

that had srodused larges velunes of
Glsoriminallon agelinst foem, hard-

new shands, (Lutz and Gline, 1947)

names of all Lrees vefarred bo by

#%dynonymoug to typz 8, northern forssts, Journal of Forvesbry

50 ¢ 481,
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This suooesplonal trend ls the rule oh Bhe Timer @%Eﬁﬁ?ﬁﬁ?
Bors pompssd, wland 511l soils of the transilion hardsood
vegion.  Such solls, neither exbremely web nor dvry, coour en 807
ol the lHarvard Forest. Inbtensive afforts to reestablish 7hils
pine on thenm met with Fallure 30 nearly universal that they oams
%¢ bs knowm az "hardwosd sites®, The comparitive ease with
whicgh the susocession sould be halted on the sand and gravel
outwash pleing canged then %o be known as "pine gites". Thass,
with the permanently wet lands, made up the remalning 20% of the
Hepvard Fé?@%%. Hardwood $if%es similarly oulnusber pine slles
over most portions of the transibion hardwood reglon,

Attemple to resstablish whils pine on hardwood ﬁi%@@ Hore
sbandoned upon revegnibion of the Aiffiosulty and consequent
expense of deing 8o with the metheds then in uvse, The staff of
The Harvard Porest had to dhoose among alternabive methods when
resbosking eutover old field pins standa,

Jo intensive pasturing o restore conditions favorable 6o the
relnvasion of white pine. Thle has obvious esonomis
14mitations. |

Z. Aestook the area by vlanting, a method proven nearly as

laborious and uncertaln of oulsoms ag nabural regeneration

of white pine. (Lubz and Cline, 1047)

P. Work with nature, favoring the best %rees in the nevw stand
; of transition hardwoods,

4. fgbablighment ef mixed stands, retaining all softvwoods that
seve evidence of abllity to sompete successfully with the
bardwood majority. (Cline and lLookard, 1928)

Ak1liful use of the last two methods demandsd 2 nore pracise
8ite evaluatlon than pine, hardwood, swale, er mavsh. ¥While 3%

#as 1ot 4lifleuwlt to establish a satisfastory growkth of speoies
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adapteld B @ﬁ%%ﬁ@ﬁlﬁ wel or dry siles, verying degrens of ﬁ&@i@@%
had bean achieved on the havdwood sites. Wixed stands 414 well
in soms places,; not in obbers. Tracks develed to purs hﬁ?ﬂ%@ﬁﬁ%
showad @@m@@%ﬁ%ﬁ%ﬁ differonnes anaxyl&iﬁ&hla in terms of glie

svaluation metheds then in use. To ineypensiveély produce large
amounts of guality wood on hardzood gites 4t was @ﬁé&ﬂ%i@i te
learn the effects of faghtors influsnoing composlition and growith

on these aAread,

P. Btudles of site faobors influencinz stand compositlon on
Bop Harvard Forssh,

Hethods of site svaluation in past uge 2% the Harvard Forest
neve ranged from general cbservadions of tosography %o preclsze
measuremsnts of suniight., Comparigons of topseil! good or poor,
loemy or Bandy, h@&vg or ligh%t, bhave besn in generel use, Buoh
fagtors as slope, agpect, humus layers, fertility, acldity, and
infilca%er nlants have been used with warying success. The
eonplexdiy of the indesrrelabionships betwesn thess and the other
faotors of silz maﬁ@:i% uniikely that any of the above will be
generally useful 2z measures of site qualiby.

Theoretically, the sell profils is an sccurate gubge @f‘ﬁi%@
guality. Hach silte 13 assuned Yo develop ita cheracteristie
profile in regponss o the influences of parent materisl, olimals,
physlography, and plant and animel 1ife. However, the endless
variety of these influsnoes devslons such & profusgion of profiles
that 4% is sefs to assume ne two alike. Furthsrmere, Alsturbe
snees sueh as fire, wind, arosion, and floods can cause vast and
lumediats changes in 201l profiles. The Soil Suvrvey ef the U, 8.
Depertmant of Agriculiure bas, %o make classificatlon possible,

srousaed gevialn ranges of reourring nrofilss inke goil typed.



w o

Turlng the vesrs 1038 to 1941 ths S0il Survey praparsd sohl

type meps of the Herverd Forest. Hodern peps of this zork oan

bz of soneiderabls assistionse in site evalunation, 21thoueh users

imaklinge delalled knovledps of thelyr prepavaltilon and intarpre

gtion and gensing thelr shronp aprisultural blas, r esonsider

whom of limited ume in Foresatry, The golil maps 4id lead %o
abandonment, ab Hervard Porest, of orgeanlc horizong ag indicators
of 2ite quallity, subsatituting sonsidevadion of the anblre depth
fron the land surfase %o Ben or fiftzen feet below as the polendial
vout Erowing @ém_ The introduebion of depth into studiss of
80118 on the Harvers Fovest gavs reeognition te parent material,
lspervions layers, snd fliuebtuating water levels as loporbant
Tactors @f'ﬁﬁﬁaﬂ Attempts te relabts the units of the soll meps
o assoniabed forest cover besams a comuon and, on the havdwood
slbes, su unsuccesaful student exevelse, There wag 1ittle
diffleulty on soils of exirems webtnass or dryneds where the
relationshing hatwesn trses and solls h&ﬁ been eshablished
previougly by uge of oldsyr methods. This inability Bo relals
tree growth ¢ 201l mep unlia on the hardmood slbes has Ywe
ezplanationg: (1) use of small soale veconnalsance sywbols on
large gsale maps and (2), orobable fallurs to looabe and record
agourately soll boundaries thal, as defined, ave nod easily mapoel.

The following excerphs from HSpurr {(1080) indioate soms of
the limltations of the pregent scll maps & a2 t@@hnigu@ ot sibe
avaluation on the Hapvard Foresh,

“In working with the goils maps of the forest over a meriod
of years, in accompanying the 201l surveyor on his work, and in
rying B0 cowrelads foresnt composlition with %he @ﬁ%ahli@h@ﬁ soll
typasn, 1% beoams evident to the author that hardeand-fast dlob-
inctions bebtween goll trypes were hard bo meke,® (Page 129)

"That the parent materials of the loeal seils are relatively
wndiforn, or 2% lesst se mized up az %o form a loeal sonal cowplex

of ﬁh&wﬁ%@n = Brookfield -~ Gloucester 20ils bas been demongtrated.
{Page 181)
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Sy indisation polnis to s6il molsture belng a éﬁ&@ﬂgi Livg
fastor in Forest vegetabion in the Petersham ares, with other
y§AEmhz@&&t@%%3% L h@iﬁg Soeally at leagh, of ml&%iwm?y 11%%1@
importance.® {(Page 148)

Theve 18 substantlal asvesment with the lsst compment in the
work of Hisoek (1801), Yestveld (1823, Dlebold (1838), Lunt
(1840), =nd YWestveld {19B2), Other investigators, apparently
working with factors obther than goll type, found s6il molgture

4o be The only fashoy that could bs correlated sonsistently

with tres growih (Tilleotsen, 1913; Pgarson, 1920; Corson, 1028
Auten, 1950 and 1948; and HoDewmobt, 1084), 7This finding is so
nesxrly unaninouns thel the one discoversd exception to it is
auoted. "On the soils shudied, the influsnse on forest tres
srowth of wide 8lffevences of helght end duration of waler babile
o net abeiking. ! (Soasdh and Dlebold, 1838)

Stout (1962}, working on hardwecd sites of the Herverd Fovest,

was abls e relets the presencs of red ¢ak in a dominsnt posilien

o o roubing zons of move than Twrendy inches %0 o sompact layer
and & loeally conver Bopogyephy. Vhilte agh wag commonly dominant

whers the oompaed layer was less than dwenby inches below the

surfase of the ground and the loezl Gtopogrenby conzave. The

eompaction was sgsumed te Temporsrily perch the waler tavle in
the rooting zons., N6 atbempt was made o apply these findings
over arsas larger then relabively small plota, |
Thves move exosynis from Spurr (1980) indicate 2 method of
gite classifigablon stemning Trom use of the prasent goll maps,

®ihe safest snd most useful classifieation of the golls of
the Harvard Porest mlght wsll be a peneralized one based solely
upon mode of deposition of parent metorial and ppon melsture
relations,® (Pags 130)

3%her than a diffevence in fertiliby bebwaen unland and
cubwash seils, wolsture appeard te be the major seil charaoher-
istie whigh merkedly effechs forsst composililen.? (Pare 161}



"The asscalations of the Harvard Porest, far Ivem ?’“*gm,@zw &
made up of & hodge~podge of spesles soailered 3&@&%@&&1%&%@13
ovay thae aren, @ﬁﬁ%ﬁi@&%% B rerular saries of types, somndsed
ﬁf@&@&i&%@@lg gf a ﬁﬁ?ﬁfﬁ%&ﬁgzﬁ few spacles, and closely
norrelalad B0 suncegssional ghase and 2ibe 22 ezpressed in barne
of #oll nolsbure.” (Page 102)

8. Ths provlen,

& wajority of the vefevences oifed show goil nelsture o

be an important delerminant of forest sompogliion, The working

hynothesis of thiz shudy wes that goll molsburs repims conbrols
the losal 4istribubtlon of $ree species on the Haxverd Povest,

The eoll profile has Deen used az an indirecd measure of goil
mekature regime, & conditlon net well adapled bo dlreet measure-
mens, (Nobinson, 1838: Lutz snd Chandler, 1847; Soil Burvey
Hanuel, 185L; and Hills, 1854}, A% any polnt in the forest,

aoll wrofils develooment 18 msmuwmed 50 be & velabively unchonging

eondition in Tthe abasnce of gevers Algturd

2.2, Tirs, wing,

gregion, or Tillsze. Maocine unibs of soll profile developmentd

andl of forest cover wers 1denbified on the ground and recorded
on seperate mapg, The valldlity of the hypothesis was tested by
suparimposing meps of the two condlbions and bobing colnoldence

af the mépcing uwnilis.

D. Ths study ares.

Thege nrovisions povernsd the aglsoblon of a study ares,
i. an upland bardwood site with a minmusm of topograpbic irve
2, Soils developed on lithologleally similar 5111s.
3. A undform bigbery of land uss.
4. A well stocked, sven sged shond of trensilion hardwoods.
B, A minimam Mialory of wecent silvicultural Lreabuendy,

Ho ftract of the Harvvard Forest was found to quallify on all

sounts. Physioally, the sastern snd of comperbuent I, Tom Swamp




BE
{:&ezn it Ly

gould be minlniced by abtudy of the

obgervation of 2 congtandt ovRpresness

& o A
in F A
)

L gy e
BEYLE

i
e

ring composition on thig

5 %03 g, 250
Tourssh,

gg fra g fwp
BRUny

and Cexrlgon, 1841),

field pine zse Lutz and Olime (3

94%), partimdarly papes

§

ah
through B0,

XY, #aila

Prelipinery sxapinstion of the solls of the siufly ares with

sugsr ghoved 2 well dAofined ranpge of molshurs sondiiblons

£

5

slosely related 2 losal Ytopography. 9itustions of maxisum
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tending b0 grayness. A sompast Javer coacurved 16 o 20 inchas
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brightisy coloved, vamottled, ¥hisker hovigons fanding o r@ﬁﬁﬁgﬁ
or yellowigh., 7The sompacet layer oscurred 30 %o 38 inches balow
the surfase and sarried a lsgs vigorous Llovw of water, A% the
time of mapplng the melsbture conbent of the sell was 2% or above
its field sapaniiy. Dorings vaken nidvway between avsas of maximum
and ninisin nelsture sonditlons cliessrly indlesbed the transitlonal
posiition of thase soils,

The terus wei, Inbermediate, and dvry® were salectsd o
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gealt of wel, Anbermediabe, and dry #oils wers chosen for furthep

shudy., Olosely spased borings in sach plot had revealed nearly
unifors prefils developmsnt charsoberistic of one of tha thres
drainsge conditions, Pits dug nser the cenfer of the plota fure

nighed Information fer detalled profile descripitlons, (See pages

;:_j

Ze = da.) Featurss found b0 bs common to profiles of sash drailnage

G

pondltion were zalsebed as suliable mepping orileria, (Flgure 1)
Profile festurss nol Lden%ifiable with a sell auvger, such a8
strusture and consisience, were labter dlscarded as unsuited for
use with this method of mapping sgoils,

hg experisncs was galned in maprling, oolor 2% fiftesn inchss
beloy the surface was found 4o be an sagy and reliabile %egt of
profile develonmend., On dry golls 2 derk brown color was charaoe
baristis; on inbtermedlase seils iU was ollive brown, and on wat

go0ils & very dark gray brown, Thess coloers apply only o the

#It must be kept in mind thet thess are relaflve %eorms, applicable
only %o that part of the range of golil molsturs conditions found
on the Yhardweod 3i%ez®, Extremes of drourhly or ssturated soils

7ore 1ot a part of this study,
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by making beringe sway frowm

o Be Bwenty foot indervals uniil an
mbered. Ths wolnt judzed to

goil was warked with & swpall flag,
B3 foot intervals until the line of
dentlfying the wet g0il boundary as

plogaly as

ariterla persibted., Doy s0ils were

saries of borines awey fron the
ther zingr slevalions unilil anp
sbered, A boundeyy wes again
snall flags., Yolls betwsen those
then cheoked with the suger and,
suffisient unifornmilty, manved 28 inlermediate
soila., Ths locedion of oash ﬁ@ﬁnﬂaﬁyg ae ldsntifled by the flag

lines, was rezovded with a survevors transit and & stadla rode



study aves and,

vogitlve ldsw

- glass viala coniein

af SThs thras golls were careisd for purnoses of gomparison to
ingure unohenglng inferpreotation of color while nencing. Ooley

]

desoribing theze golils ars those acsompanying the

Yet soile were 14entiflied by meking borings away frop

dporassiong &t ten %o Ywenty oot interwvals uniil an

srefile wae encounbered, The znelint judsed to

From intermadiaie 0l wos merked with 2 snsll flag
Thig precess was vepealed at B fool iﬁ%Wﬁ?alﬁ until the line of

was olosed, thersby ldentifying the wet goil boundsry zs

slegaly as the mepo

sriteria pernitted, Ury =20ils wope

Paentifisd by making a sinilier serles of borings eway from the
oresis of knoells, rifess, and ethar ninor slevatlons unill an
tabermediate profile was sncountered, A boundary wes again
foraed by olesing s Line of smell flagsz, Zoily betwesn those
13emtifisd 2z wel or 4oy were then checked with the auger and,
17 found €0 ba of sufficient uniforsity, manced as inlterpediate
z0ila. The locatlon of sach boundary, sa ldentified by the flag
lines, was resovded with a suvrveyers transit and a stadias rod,
Plotiing of ths survey nobes on & base map compleled the soil
mapring vordion of the study.

These sethods, 2dnlitedly unusable for most soil survey
purpodes, vers felt o be jusblfisd as a ressapeh m@ﬁgm?@.

Inaacurabs boundaries bave besen found o be the commonest fauld

of mest soil meps. {(Boll survey meaual, 1951) I% i3 fold thab



Figure 3., 5Hollg map
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betwesn the lovsl of satursbion in ths large ares of wet soil and

the small intermittent strean endering the study aves fros the

#wale to the eash, Figurs BB shows that hole 2 1ies closest %o

the dbrean and Yo 1% sourse., This hole was never found Filled
Qﬁi@%% the streas had commenaosd flow, and the wster level naver
fall belew € inches until 1% hed ceased Go flow, Holes 9, 4, 8,
and D -are next nearest the shvesy and ?ﬁﬁ?éﬂﬁ in about that opdsy

to vapriations in the volume and duration of itg flow. The

atorm of Juns 28 gaused hole Z to £il1 %o the surfase, bul
resulled in only partial £illing of holes 4, 8, and 9, Ths flow
of surfasce water was visible until June 30 for gsveral fest pash
hole 2 vhers 1% was absorbed into the soll., Presumably, the
volume and duration of surface runoff was insufficlent %o
saturate the entlre area of wet so6ll, During the more protrached
rainfall of July 12 %o 14, ssWurabion was wenched on holes 2, 4,
and 8 but hole 8 only vertially £iiled as gtream flow past 1%
wag of oply & few hours duration,

1t seems sipniflgent that while ash, prodenmingct over the enfire
arpa of webt 3011, eppears 0 bs most vigorous beitween hols ¢ and
the stone wall to the east, the wetiest aiﬁé ﬁm the study ares,

Hole 7 respondsd %o rains of Deceubsr 4 and July 18 that
had no effects on other holes in insermediste soils. It showed
& mbre protraebed responss than any other hole o the siormg of
June 87, July B, and July 12 te 14, 1% wae the only hols to
remain full foy two days after the valilns of June 5 and the only
one ¢n intermediate soll %o sontain waber throughout the month of
Pevember. Thess vaviationd from the behavior of %ﬁe welbar levels
in the other plis ars agsumed to be dus to the adaitions of

soepage or {lows of underground waber, Hole 7 is at the lowest



Pigure 5B, Surfage drainage

ways on study area.
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slevation of any s0il pit and has a long glope of dwy gell 4
underlain by compast ti13l lying directly above iT and o the easb.
1t 48 surprising thal ssepage flow has not been indioaled in holes
B andl B ag they are in pogitions vhere 1% is often encouniersd,
Holes 1, 3, 5, anf 6 drisd oub most repldly after snow mell

and after the rain of June 3. Thay showed no responge to ralne

fall after the smeygenss ¢f the foliage. Hole 1 was not obaerved

to Fi1l over the six insh leval., I% is of interest %o note thalb

thls, the dryest soil, supports the lavgest rad oaks., (Hes pags
i%7a.) It also sarrvies the only sian

4 conbaining sppreciable
quantities of vhite pine, 9.5%, However, the presence of a shand
of reladtively suscessful pine on this soil beoomes lass remaris
able when whilte pine of equal sge is encouniered in somewhal
lesser quanbities on the intermediste solls o the south and east,

Total p%?@&giﬁaﬁiam for the perisd November, 1885 to July,
1956 wag 28,72 Alnches on the regorder at the forest headguarbsrs.
This 18 1.48 inches below ths average for that perlod. There
Were some responses of saburation waber levels to rainfall when
none vas indleated on the regovrder, three miles from the study
arsa. {Bess Hov. 84, Tigurve JA,) Thers iz no responss in any
hole %o the siz-tanths inch storm of July & and a marked response
$o the .04 inch rainfall of July 9, These inconsistenclies must
be due to diffevrsnges in the local patierns of ralnfall and could
have bsen oversome by uss of a raln puage on the study area,

Table 8 supmarizes the water level dsts conitalned in figure
3A. 1% shows plainly the greater depth of rooting gpzes above
the O horlzon avallable e Brees growing on dry soil. No abiempd
was made o resord the fluctuations of the free water in the

¢ horizon,



Table 1. HNumbers of days during whigh fres wader cecurred at’

ziven levelsg in the seil profils oits,

ﬁ%ﬁ? @ﬁg?h im@?m@% i?am ??gg%ﬁ?ﬁ%ﬁ@ %@gira@ %@g?r in %gié&yi%g¢

i 0 g 11 18 28 23 44D 128
2 S €3 e 8 B
E: > it B 18 1B a8
4 17 14 a2 18 28 270 - 128
& - i iz 28 18 13 49D - 128
& id &
is 14

H
o
ot
o
b
e

ieb - Y o
s 5 =20 590 - 128
12 13 13 22 - 198

D indlsabes mumbers of days when holes wers dry.

R
5
8

h)

i i
I

The numbers of days during which fres water cocurred alb amp h
Yiplied by the walue in fest for that level. The
product was “day=fest®, an expression of the relative quantities

level was mul

of unsaburated seil in the voollng zone at each soll pit.
Dividing totnl doyefeet for sach soil pit by 128, the number of
days of rssord, gave & welghed mean depth in terms of fast of

ungaturated sell for the three examples of sash of the thres

80L1 Sypes,
Table 2 (next page) shows a definite relationship betwsen
seil typs, as defined in this study, and £ the welchtsd mean

level of free soll wafer, over the pericd of the reoord, Oomparw

ison of Yhe values in bhe column "Welghted mean depth of saturated
20il® with "Depth to mottling® shows a distinet similarity on
holes 4, B, 7, ang

8. There is no relaetionshiv batween thess

values on heleg 1, 2, 3, 6, and 9, It 1z suppested thed an entirs
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_ ¢
Years veoord of goil walter flustvations aight show greater

soinsidenge of YTheze figures, The prasent record beging and epds

during ths geason of meaxivum s0ll molzbturs conditions,

Table 2. The relatliongkiy of davefest of uwnsaturated
veot growing space to soil type.

saging ovdar Jols Day-  Velghted mean depth Depth %
f webtneass, niagber Lozt of wnsatureled z2oll  =oill

dry acils

1 1

2 5 268, B 2,08t - 25" Beley m1p¥

g & 245,0 1,880 - 244 Balew 259
intersediots solls

& & 211,06 1,667 = 207 16% . 8¢

5. | & 198.0 1,56t « 1Y 158 - 2

8 7 197,56 1,540 « 194 15" - 2ot
Yot solls

7 4 1746 Lo 36Y - g% kL L

8 o 153, 5 1,200 = 144 15% » 20¢

= 2 28,0 ST - B 18% - 25t

Finformation taken from profile descripbions, examples pz. 22 = 4a,

Hoot develovment 1o alnost endirely confined to that portlon
of the soil profile above ths compact 5111 (Soil Survey Manusl,
Btoud, pages 23 - 4a), Ths rooting gones of dry, intermsilatbe,
end wet goils have bsen shown o have measurable diffsrsnces in
drainsge, Variablons in ﬁ?ﬁiﬁ&%@ have bsen found %o be of
censiderable signifigzance {Lutz and Chandler, 1847) the

augh

direot sffeshs on soll serebion and the resuliant 1ndirect effecbs
on the chamiesl, vhyaieal, and biclogleal asotivities within the
soil, The effsst of s0ll typs on species dlstribubion will be
considered in the remalnder of thie paper.
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iXi. Specles dlstzibublon
A Happing ssthod
The nerth=gouth wall that forms the eastsrn boundary of

the compariment was ussd as & bads line for crulsing the study

ared, Parallel srulsge lines wers lald out at 80 foot intervals
2% right engles 30 the base lins. 4 hand compass was used %o

sxbend the crulss lines along 2 magnetis bearing of N 7B ¥ %o

g

she western edge of the study ares. AlL upper orown class®
treay growving pot nove then 5,8 Foet from sither side of the eruise

line were tallisd, 7This spacing achieved a 227 erulse of the

aret, ALl trees ware numbared when tallisd to slmlify reloow
ation. Telly infermation inscluded the species and assipgned
numbar of eash tree, ibe disbance west from the base lins, and
i%s disvance novth or gouth frem the erulse 1ine.

ALL tallled tress were plotted on a baze map of the study

4 the location of sach fres,

ares. Uolorsd dots vepresante
From this base map, sgpecles distribution maps were prepaved
for each hind of tres encountered. Heveral facts becans
apparent lmmsdiately from ohservation of the tally figures ang
thie species maps.
(1) Four spscles compose B4% of the upper ovown class
trees on the study area, White ash wss the m@&ﬁ mmarous
(50%), follewed by ved oak (22%), paper birch (20%), and

sugar maple (124). Ses crulse summary, page Sa.,

#For these purposes, an upner ovown olass tree may be dsefined
as one having {1) ihe %%? of ite orown over the nmidncinta of

The Live crowns of the adjoining overstory trses and {2) over
hal? its erown with overhesd sosce wnocooupled by other crowns,

and inbs which space 1% oan expand., (8. Gould, Dzseriment 56 =2)



Figure 4, Aress having densilles of

100 or more upper crown class trees

per aare of a single species,

Hed oak

Red pine

[ 1 Paper biven
= ¥hite ash




. 3
{2 whers the population
ey aaTe of any spesiss axcesfls 100 upper orown alass

en average density of 480 upner

» aere, & fairly uniform foresd
_eomposition is indicabed, (Bes [iguve 4.)

%) Red maple, 8 bree of universal ccourrence An the
Aarvard Fovest, -ongbitulss only B,4% of the Upner crown
sings tresz on the shthuly arsa,

(4) Yellow birvoh, usually sensgidered 2 web land sposles,
ig pregant in greatest nuwbers on dry 20il whille
yirbtually abgent on ths wet soils. |
{6} Red waple, blask and yellow bireh, and white pine
sonpose 14% of the uppar orown class trees on the study
BLG0s

{8) Basswood, hickowy, hop hoernbeom, 8lwm, zray blrch,

white osk, =and besch comness the remaining 2% of the stand,
{8ee page Ba for the resulits of a 100% crulse of these
miner somponsnis of the stand.) It was Felt that small

nusbers end #potty distribution invalldated any conglusions

]

that alght bave bean drawn 23 to the presence or absshoe

of thedge speciss on ths wvarious soll typesd.

B, Stand desoriptlons

Te simpllly handling the mass of unsoried dats on the bege
map, the abtudy ares was divided into stands basged on ralative
mambers of gpeoles of voper ovown olags Srees. ¥ight of these
stande wers 1ldeniliied and outlined on thie base ma@.- The ol
lines were laler adjusted U0 greaber acourasy bY onstheeground
axamination of She various shandsg. A brief desoription of each

stand is pressnted on the following peges. {(fes 2130 nages 10a«172)
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Bband 1.

maple in this stand then actually exzistsz, Thie 45 taken %o Be he
result of shanes, inherent in the seacling method when szo fev tress
compage the sampls. On the ground, the stand appears %e be & neayly
squal mixbure of reod maple, white ash, snd the bivches. Mo Alscsrfie
able diffsrennas were found in the dry goils under thisz and thooss
under the surrounding stand 2, Stand 1 is considered ths chance

result of sased dissemination,

Btand 2,

It 12 spoarent, both on the ground and from the erulse summary,
that the birchay ﬁfeﬂ&mimﬁt& in this stand, Examlnation of the map
of plantation specles (figure &) shows that Nerway spruce, white and
Beoteh pines were clanbted sztensively in this ayea following the
removal of ths old fleld nine. They rscords {78 1, thinnings of 1810
and 1911) note a poor type of advance growth dominated by red maple,
& gSpeciss Leavily ocub in subsequent weedings. The light sesded
birehes probably teck over thess %improved® arces, Persennel ab the
Harvard Forest have long reparded the blrches as Yerown sensitive"
spenles and have favored thely growih in proximidy to sonifsrous
vlanbings., The solils are predominatsly dry, slopling, somebimes
sharply, to the porthwest. There are pocksts of intermediate and

wel golls in the dralnsgeways.

Bhand 3,

tinite ash ig the comuonest tree in this stand, bul red oak and
paper Lireh occupy & larger properiion of the oanooy. The stand may
be charasterized by saying that no gpecies 1z clearly predominant,

in general, 1% lles on intermediais szolls.






Btand 4.

P & &
Wt te ?sﬁi"i&mm thig Tl Dok

2

N 1) - S i D ausy o
and noiver ars largar, Tagber prowing

trsan bul

»E many of Shem, Suger maples are nunsrous

e &5

fﬁﬁng with agh, 8 dense undersbtory. This

stand ig on the weltest zolls 1n %he shudy sres, An interniitient

atrean through the of the shand oarriss consldsrabls

runoefd and dralng bthe swale ks Bhe esasth,

in nupbers and position red vak is the doninant Grae,
niosely followed Dy the birshss, Whils ash and the maples
fors & considerable underaiory, The stend ooouples a smull,

rogky vidge having dry scll on itz upnermost portiondg.

Btand 4,

H$imilar o stapd B bub with lesgs blasgk and vellow bireh
and more whits ash and supar penle in the sanopy. Redoak ig
mhearly the predoninant bree wiih paper blvch its clogest
comoetitor. The stand ogcunies dry soils with logal ovarians
inte intermedliate goila, It ileg the ?hirﬁ largest stand on the

shwly area.

Bland 7.
Thia fa, in several ways, the nost interesting stand on

4_wn

the study ares, The geils underlyling 1% are practlezlly indishe
ingulebable fron thoess carrying »ure red nine Lo the esst and

ok - pauper birsh ghand Yo the north and west., Hany of

the reaainding red osks ghow oudbing injurles., Thevre ig 2

higher porcentare of sunnressed white nine in thig siangd than ia
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ony other and thars s some red pine, Paper bireb ig the
Tergeat and best tres ip the stand, A oconsiderable deorssse
in helght and dismeter of Hhe trees iz spperent as the cbserver
goes From the ndjzoent ghond 8 inde this one, The nroportions
6f srestes cemposing thin etand are very similer o those in

an affent of pansgenmsn® e further consideved,

Tiie giend oescure in 8 vorbion of bthe forest sherse &

sfTnrts o bring white pine into the

seneny, Almogt 107 of the upper ovown olass trees are white

i o = i AP o = - e T ot b g b
rolume par bres.  The dry soll zupnoriliag the stand

has develoned on 2 gmall knoll surrounded by inSermedlate golla,

¢, Volune atudies,

ALY yumbered deess op the arulsge Lines vers revisiied and

helght., Diametarg wers real jo the

nearest onsetenth insh ®ith fraes ealivers, Heleohts wers

Blmated by avs B0 bhe neavast fpot with Fraguent ohecks,

using the Forest Service hypsomeler. The lavgest stands, assumed
b0 be bhe best samplsg, reveal volume differences colncidend
with seil tyue,

Table 5 {next psge) indleates a progressive lesssning of

volume per aore and of averegs velume per Sras 1n the vanges Irom

wat to dry goll. exoeilant ved nine growing on stand £
= 2 il

Lgen Angludsd ln the ally, The velume Ilguves for that mhwnﬁ

£y

would bave been somewhat higher. The tavle assules an sgual
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Tabple 5. Vardabions of wvoluse with soll type. _ +

g1l S%and  Leves Total vol. Volume® Ho, htetd, Ave, wol,

tyoe  numbesr in ghand DEYr ag, rees per btrse
S 8 i,89¢ 2457 04t 1646t 818
inber, 3 1,804 2400.04° 1a618 &8l
Vet 4 « TR 78E, 0h 1ls4t BOB

#411 volume figures expresssd in terws of cublo feet,

age for al) stands, an erronscus assumpbion as the aress on whish
these shands scouy were oleavout between 1815 and 1925 (figure B8).

To zliminate 211 known souvses of erroy, table 4 was derived

from corbionze of stands of teensidlon herdwoods contalning ne
sonifers, eanh of two acres exbent, of known age, and having as

nearly gimilar histories 25 possibls,

Table 4. The influensce of soil bLrype on aversge
annual velums growth,

Boil  Standg Yolume per  Tresg per VYolume  Apge of Ave. vel,

tyne  nuzber sgre in apre per acre stand orodused

oublo faet o nar agrs

' pEP FERY
Dy & 1445 S0 K b 124 56,10
Inter, & 1272 840 2. 001 58 Ao, 0t
Halb 4, 1160 828 1,338 it F1.8¢

Table 4 shows volume Ligurss per asre and per tres of ths
same magnliudes as those in Bable 3. The average volume produced
DEr agre par ¥ear indlsates a reladionzhin bobween the gtands
and %the sells on Wﬁi@h.%@ﬁy grow, Tabls 4 ghows move clearly
the progressive &@Q?@%ﬁ§ in anmual wood produstion by shands
on dry, intermediate, and wet soils.

Table 4 alsge shows thai nusbers of trees inorease as the
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28 soll conditions besowme wetter., To Turther investigats thilsg
altpation, height over dlemeler ocurves were oplotted for vhilde
Cash, sugar waple, Ped ocak, snd paper birch on sach s0i1 Bype.
Fipure 7 ghowg ths resuliant curves for red osk, Ths most
remarkable feabure of these purves ig thal each of the four
gpecies shows no signifigest growih differences Prom one soil

type %o snothar. The gresat spread of dimensions on sithsp

hie and dispeters ftends fe Further canoel

&

B8ide of tha mean bs

out smell Aifferences belwsen curves. {(Ses pages 10a - Zla.)
The height over dleseler curves show & conslstent dAffere
ence in the growth rtes of esch specles, regardless of soil
molsture condibtlong. Flguve T4 11lustrates the typlosl
relationghip of Bhe curves of the four seleubed specles on

the zame 2801l Yype. Hsd osk reaches the greabest dlamster on

21l solle with papesr bireh 1%s glossst competitor. On dry and

indermediate golls red cek has the greabast helght prowth, bub
i szoesded in thils respact by papsr blreh on the wet solls,
Wiite ash snd sugay macle are about equal in helight and
dismeber growih on 21l solls and are invariably aﬁﬁgiﬂ@yﬁﬁly
seziler in both respects then red ook or paper birech,

Tables 3 and 4 slearly show a progressive decline Trom
dry bo waeb sgoilsz in volums of ztands and of single btraes,
Heleht over diameters curves indiecsbe an sgsentlally sinmilay
ragsponge by each =f asebh of the predominant spasocles to the
various £oll Sypes. Therefore, the volume differenced in
thess stands cannot be abtiribubed te varlaitiong in the rates of
growih of individual treed inducsed by goll molsture condivions,

The ilnorease in denelty of trees per acre in response teo
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watber goll typeg apparent Iln tables 5 and 4 i of eonad.deranle

signifizanees and may be Durther sxpliored by tabuleline snoornys

from the atand tables on pages 1Ba, 182, and 182, Blmilar

nolses ooouP in ensh glend, bud the laveest stends ars

5ty Pl = B g B a8 S 53 e bemen TT
gumed o be the best swmples,

Tebls 8. The influence o8 201l trpe on shand
aomptsition,

Svecien Demsity = trees per aocre ?é@@@ﬁg_L.“yﬁﬁiﬁi@ﬂ
Dy sell  Inber. 261) Feb soil Doy il Inber. il Web il
bend 6 sbond 3 8 L. stend 6 and aband U

dhise ash a6 162
31 72
17 b 5 B8 Geb Bl
Rel oek 155 G 72 el 18.1 9.5
Paper bipeh 120 48 &0 274 18,1 7.9
1.k

o6
100.9

18,2 2.5 581
£.6 12.9 164

Black birch # 19 10 Be0
{ithers L} 33 5 6.0
FUTALS 475 516 Tk 100.0

Teble b indicaltes thal the denally of white ash znd the

mapleg ingresses wilh inorsaging wetnessz of the soll while $hat

b

of red oak and ths blrohes dsovesnses s goll meigture beotnsy
prenter, The larger %o%al volume and the grealer grovih maie
par Fear of atands on Avy 801l 12 explalned by the presense of
hlgher peveentages of faster growlng specles. The greater
mumbers of white ash and the meples ner acre on wabt soil are
ingulficlent o compenssie, volumewlsse, for thelir slower

ra%e of prowih,

Flzurs 10 shows the mesn persentages of the sommonest

“rgag on saoh soll t¥pe. Standard deviation measurss the
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reliability of relative nusmbers of 2 gilven specles ag imﬁi@aﬁé%g
ol sell type., Lavge nunbers of white ash are shown %o be =
statistically relisble indleatlon of wet scil. Large numbsrs

of Ped csk and paper birch are good Andleators of dry seil.

High mesn pevoesniages of %he remainineg tree specles are nod
: pavoeniag :

ge0d indicators of scil Yypse.

B, The sffscts of management on stand eomposition,

The deseription of ths study avss notes a.histaﬁy of
intensive silviculiturel szperimentabion on this portion of
Hervard Forsdt, The rsoords indieals a general pabttern in
Ghese cubtings. Followlng the removal of the old f£ield pine,
silviculbural efiorss sesm to have been confined to attempts
B0 bring the native and intreduced softwoods into dominsnce
by ocubting bask the mows vigorous hardwoods., The effechs on
present composiiion of thess early cubiings cannot be vresdily
evalusted, 1% fesnms reasonsble 10 bslisve that the most
vigorous hardwoods as well as those of voor Form were cult mosd
heavily, probably resulting in 2 somewhat younger, smallew,
glowey growlng stand 2% present,

The records of cubtbtings and stand inspectlons from the
1220%s indicabe a small proportion of the plonser specles susch
as gray bireh, black chevrry, sspen, and sumas, White ash
invariably occurred in the greatest nunbers, (Sse exemples,
next page) During this pericd, 1ittle dlstinction was made
#hen libarvating conifers; all interfering %rsssg were cut baok
o the ground or lopped off st a convenient heiloht, The
records of 1920 and 1930 indicate that this rolioy had been

abandonsd., The enblire area had been overgrown with a2 sband of



Plzure 8,

Bection A
Olear cut - 1917
Ingpection - 1918
Weeding - 1021
Weedlng - 1930

TOM SWAMP I
1947

(Harvard Forest records)

Seotlon B

Clear cut - 1915
Inspection - 1918
Weedlng - 1919
Partial weeding - 1927

Imp. cut & thinning-1935 Weeding - 1930

Weedling & thinning-1941

Thinning - 1948

Thinning - 1948

Weeding & thinning-1941
Imp. out & thin - 1935

Summary of treatments ln the study area.

Sectlon ¢

Clear ocut - 1923
Weeding - 1927

Weedling - 1929

Partlal weedlng - 1933
Partlal weeding - 1934
Imp, eut & thin - 1035
Weedlng and thin- 1941
Thinning - 1948
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transition hardwoods wilth the exospbion of the Thres standy
then, ag now, in pore red pine. (Ses figure 5, opp., pags 16,)}

The following 138%2 sre exesrpts from fwo aband inspsobion
reporis of 1918, Ther 1ieh, in numervieal order, the nalural
nardwoeod reoroductlon That suscoseded the old fileld pine, Areas
A wag eglesr vt in the winiter of 1914 - 1915; area B in ths

winber of 1918 - 181%. {Usrvard Forest records, Ti=l, 19181087}

i

Arasa A, 3 yr. afSer cleareutiing. Area B, 1 yr. after cleavrculiing
Speclies Hunbers of stems fpeclss Huzbers of stens

¥hlte zoh B8 Thite asgh

&ed maple 440 Hed osk
Red ogk 345 Bugar masle 170
Hlask ehercy 270 Chastrut 116
Birches _ 230 Ponlar B85
Chastout 80 Hed maple 76
Poulap | 40 Hlask sharry 80
#hite oak 20 Birohes 55
Sugar macle ib Baggwood 25
Hickory ib White oak 20

Basswood

Hickory 0

Totalg 2,120 2,320
White pins 4,100 White nline 380

Reference b0 figure 5 shows a lapge body of undevetory
whlte pine in the south pentral portion of the study ares,
Its loecatlon closely solncides %o the elsar sub Area A, {Compare
figure 5 with Tigure 8,) Thls vresent vine undsrabory is almost
certainly a rells of ths btremendous se»dling vopulatlon of 1918,
It s signifigant that 2 vuch larger veprodustion of rsd manle

is resorded in the same ares A, This distribubiclh of red maple
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| appavent on the ground et 48 nod indleated in the
TATES, LM nigh reprodustion of white ash in Aves P

v pafiseted in the nregent atand 2z ie¢ the somewnat

propprblon of sugser manl .

The proporbions of hreed rannrdedl on Avsas A and B Jo oot
arifer greatly from The propertlons of tress gompoBing The
cresent stands. The scarclly of blrohes in Avea B is an
sxeeption So this gaweralization, dnpolas present then as majer

ov minoy scmponents of the stand are present in aboub the saue

3

simtive quantidties %oday. OChestnub, soplar, and black oherry
are Do longer of songsguence. Mosy of the vhibte pline hag besn
guppressad.

The vesords indicats & zeneral poliay of fayoring white

o

ash =nd outting bask red maple in the years from 1930 o 1948,

Trhe oubtines of 19854 - 1930 diseriminated somewhat againad

red nak ag 8 faversd food of %he gypsy moth, The samg regords
atase a poliey of allewing peper birsh and white ash, "orewn
sensitive® trees, 50 remaln on planiatlon marging, implying
that ved osk was removed from theds situatliansg,

A4 atudy of sprouls was gpderhaken %o learn which gpeciesd
nad besn oud during thinnings and %o ghesk on Tthe racordis as
4o the nuwber of Thinnlngs that each stand had ?@é@iv%ﬁ. - Very
few sproubs weve dlscoversd tmat sould be dated to.s cubblng
pricy to thabt of 1954 =« 18950, shand tables made at that tlime
indlcate very fow Srees whose dleaumeters wers in sxosss of Hwo
inghes, a fach that probably explaing the lack of older shumpo.
Phose that aid not sprout have long dinge dissppeared, The
ones that 4ia sproul have sinee eoversd the evidences of thelr
origina., ¥With but two exespilons, a1l sxamined trees of

gorount origin dabing bo the ghinning of 1954 « 1935 were rei



macls, an indlestlicn of the vigor of the sampalpn sgaingd 4
this specied. The fsv gproubts dizcevered to date %o an ew rilier

:’gﬂﬁg were ved manls op gnita szh, Evidencegs of the iﬁﬁ?"ﬁ"%’%ﬁ

mont gukting of 1941 ars zommon on the sasbern edge of the study
seny sprouts dabing to the years

at of 2 subiing made 2% that tine,

Table 6. inz tress over $u0 inches DBE and of

shumps on $if%y food rlets in sypieal sbes

B e

Spasies Blani &, dry soil. Stend 3, inder. w0il, Siard 4, wet ssil.

Yrees Stumps  Traees Stumps Zrees  Bbuwps

3 3 18 » &7 %

o o b 3 b 1
fed ¥arle L 5 2 b 1 ¥
Red osk 18 13 3 13 6 2
Faper blyah & & g 2 5 2
Blask biveh 4 3 5 i o O
Teliow bizeh B8 ) 1 1 g 0
white pime & & & & 1 &
Hhise osk 1 & @ 0 G o
Blask cherry O 1 & B 5] 0

Table 8 indiesbes That the btebal number of white ash

removed from there Threes plois sxsseds the sum of all the other

apacies removed. However, this iz no indication that azh was

not the favered species asz larvge guantities remalined, Soms

digerinination apainst reid oak is svident in stand 3, probably

beosuse gquaniities of #hite 2sh were avallable as replacements,
A genersl thinning of the entlre study ares was garried

oud fn 1948, &An untrested strip 400 by 800 feel was left In
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. o . , &
w o genbar of the oul over stand, (Ses figurs 11 for location, )

i
i5d
This "pontroel® plot &2 practioslly indiscernables from tha

Surrounding atands, but slose observalbion shows 4% to

have = sonewhet bigher vervcentags of lavge ved osks. In zeneral,
studlies of shumps ond sprouds on several plots dshowed ne
svidense of favoritiss for sny of the "timber? specles, bul
Turthar indlented the long stanilng antipathy for ved wmaple,
Beperiment 53 - 1 was sstablished in 1933 neer the cenber
of the study ares. (Figure 11} I%s purpcse was "o follow
the gourse of develoobent of & gevies of euttings in produsing
high guality szawlogs on 2 robadion of sevenly ygﬁég" {Harvars
Forest records, Hzp, 30 = 1), Plot A (& sore, intermediate
80il) and plet B {3 aere, wet and intermedlats soils) were %o
be operated by & series of orvown thinninge, Tlements of
infarior form or those overtopping crop tress wers to be
removed, Plot O [ sore, wet and intermediate soilg) was %o
remalin untrested in contrazd to plots A and B, Thinnings
#were carried oulb in the Treaded vlote in 1933 and 1948, Pages
228 = 24z gummarize pregent condlitions in these sbtands, Compe
arison of thege H2blss indicates only gmall differences in
composition bedwesn The ftreebed and untreeted plots, Plots &
and B ghow gmaller vercenitages of upcer crown olass frans with
a2 somswhat gmaller percent of total basal aresn, 2 conditlon
almost gerdainly caused by efforis to conosnbtrate growth on
fewer trscs. That thess sfforis have beesn svecessfyl is

infilonted is indloated by the average bagal apes increase pep

i

LoTe per year oi the upper crown clags trsss on these nlobtsg

s

A w 5 osmiare fect, B e .54 sguare feet, § = 3% sguare feet,
The reeoords of experiment 35 - 1 contain datz showing the

numbers, specles, and slzes of tress on ploss 4, B, and O in 1933,
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Shand tables sinilsr B0 these of 1958 (spvendix) wers oompiled,
frop bthess Digurss. Comparison of thass Bwo sebe of Tigures

should indleabe the effsobiveness of stand lwprovemsnt work in

rering somooslilon on the trealed plets, So that nuwmerical

valuas of treesg and of bagal ares will bs comparabls, all

ES
gaing snd losses P rooovisd Ag peresniages of the toial fewr

rafors, bhe valus of =13 in the upper lafd
cornay of babls 7 indiesies that shibte ash somposss bThirtesn

vay pent less of $hs tosal stand on plot 4 in 1958 Thap 1t

- Teble 7., Perscent of gain ovr loss, by spsoles, in numbers of

and in bassl apsa, batween 1933 and 1956, Bxp., 53 = 1,

wh
b
&
b
5%
&

Spectes . rlet 2 Plo$ B 1ot ©
% oof sos, ©efBA,  Zof ves. P6FBL ¥ of moe ¥ oef Ba

=13 -2 =12 =27 -1 “i4
o =2 #5 & iy ~10
o =1 7 P ¢ 3
7 F20 2 fir P Fa5
Paper birak P2 3 #i i #1 =]
Black blwck =1 0 @] 0 -3 -

Yellow birch e -2 =% =} -3 v
#hite pine ¢ ], & & G o
Basawnod 7 1 o $1 0 0

“of table 7 shows that white ash has been out mosd
heavily in silvicultural work, The pronounced decrasse ln ger
cent of bassl area of white ssh ls evidence of 1ts slow vats of

crowth, Hed osk shows some incresse in ver cent of numbers in

21l stands and sharp inoressss in per cend of bagal ares,

svidence of its ability %o take over growing space onoce occupled

by white azh, Sugsr saple shows less decrease on treated stanis
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Stand 1
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whils pener bireh shows gresbest insvease om plois A ang B,
ayldanss of fa 1tlem bowsrd thess speniss, The shery »las of

basswood on nleb & 1z probably not ap spectacular as it annsars
to be. A reladively large proportion of thess Tast growing

PR RS DPePn on

@iﬁt sings the baglinning of the
o the other plots.

e DeLle v@ﬁ o gusnarize

ade on bhe aﬁuﬁy ares, S6it-
woods were foversd wherever snucsouniersd iF conslidersd capable

of patisfaatory responss upon release. Yhilte ash was favorsd
ovar competing hevrdwoods, AY The ecame tlme 1ts slow rate of
growth, thicked foraing babls, sproutlng abillity, sensitiviity

to abrasion and sheer numbers havs meds 4% the prinsival ebisel
of gilvieulituval oubttingg, Red oak was often ocub back wshers 1t
ghowsd wolf tras Sendencies or where well formed Brass conslidered

to be of grealer valus were available &s veplagements, Sugap

naples and paper bireh have, gensrally, begen favored in thinning
goerationg, Red savles has persisisd in spive of strong diserife
inpation. The remalning gpesies 4o nob occcour in sullicient

numbers ovsr the study area %o permlt gensralizations.

%E.,

Gomparigsons of talliles mede during several vhases of the

Life blsbory of ithe presant forest cover haz led to the conviee

s d
P
SA_
pc
e
o
b3
ta's
45

silvloulivral breatmenis heve bad minimum effsefs on
the stands so far sonsideved. He gpecles has bzen sliminabed
from any stand, Yo considerable numbers of white pine have
baen brought intoe the sanony. The tendsnoy for white ash To
beoome legs mmerous and Tor yad ok Yo ogouny the vasabed
spave has been spparent since the late 1920%s, Other factors

influencing spseies distribution since the vemoval of the old

fleld vine buvs been mors sfleubive deberminanits of siand
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The of forhg

pomposltion than have

g, A a"?} 1wl albe:
Ag indicaded on pages 18 and 18, sband 7 is thought %o

disosnt one is readily

: pointed oul in table 8,

Table 8. A comparizon of uUnper orown Qlﬁgﬂ %r@‘ﬁ found growving

s0il Yypsy found on %h@ study ares.

Boil Ftandg Averags Averars Averags volume
type mnbar DBH helght cubis Tedd
vy a 455 Bt 448 1445

Bry 7 TE6 3.0 36, 51 1061
Inter, 3 516 4,8% 428 1E72

Vel 4 i .79 sat 1100

“he above tabls ghows stand 7, on dvry goll, to ocomparabls

%o stand 4, grown on wet sell. dareful sxomination of fhe
profile develorment of the soils underlying stand 7 shoved no
bebween them and the typleally doy

Silgnifigant 4187 a&a

80ils vider the surroundiss stand 8,

Yolume neyv aave

of stand eomnc ;tim%. Tharefors,

-

table 8, atyoleal of & stand oo &
through composition differences,
of stand 7 with the largesx

%o be typlical of sssh soil Lyope.

Ty #oll,

praviously shown %o be o funstion

the volume figures shown in
should be explainable

Table 9 compares the composition

» previcusly considered sBands assumed

It shows the compogition of

gtand 7 to be very slmilay o that of stand 3, develoned on

intermedinte z01ls,

gausad by a faoher other than soil molsturs,

now be given mansgement 23 the effactive

This Poffesital develoomant of

ghand 7 was
Oonsideration vwill

agenay.
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Table 9, A& comparison of percenitsge composition of stands of #
upper orown cglass btrees typloal of each soll type on the
gtudy avea,

Boil Stand ¥hilte Sugar Hed Bed FPaver Black Others
type number a2sbh  maple wmaple o3k bireh bireh

ory & 15,2 B.6 5,9 55,4 27,4 8,0 S.5
Dry 7 39,0 17.2  B.0 13,6 23,2 1.0 1,0
Inker. 35 32,6  13.9 6.5 18,1 19,1 6,5 8.3
Het 4 50.1  16.4 5,1 9,8 7.8 .6 .6

Bxperiment HO = £ was establizhed ay 2 peang of debter-
aining the effects of the undersbory on thas ﬁ%?@lﬁ@&@nﬁ of the
main ganopy of treess., The sputhern hall of the unbrested
nortion of the g@ﬁ@r&l thinning of 1948 waz the gite of this
work. ALl upper and lower crown class trees over two lnches
DBH were talllied on 8n ares 300 by 400 feet. 7The eastern
portion of the trass used in experiment b6 ; 2 la adjacent %o
gnd closely resembles sbtand 7. Actually, ths trees Are S0mse
what larger and conbaln more red eak, probably becazuse they ars
more distant from ?@éfélanﬁaﬁign 256 - A, The w@gtérn portion
of bthe tress in experiment 50 - £ 13 a typleal part of stand 6.

Table 10 (next page) 1llustrates the differences between
the two halves of sxperlment 56 - 2, 1% ghows that the under-

story and overstory of stand 7 contalng all of the specles

contained in stand 6., However, the numbers of red osks are
mueh less in stand 7 while all of the other speclies show an
ingrease in tobtal numbers. This relationship is equelly evident
in table 2@, An lwportant gonsideration not indlcated so {ar

ig the very conslderable numbers of red and white plne in the
undersbory of stand and in the sastern portion of sxperiment

56 = Z, Conelderably lesser amounis of these suppressed thirby
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year old sofbwoods ogour in the remslindsy of szperizent 56 - g,
gprout studles showed no less than elght outtings in stang 7,

The Havvard Forest reoords mention ssven weodings or lmprovesmentd

suttings {(figure 8) but de ned indleate one For 1945,

Table 10, A comparison of two equal sreasg of trees of 2% DB

and over, tallled on @ﬁy@yimam%_ﬁﬁ'a 2.

Spacles Stand 8 Stand 6 Sband ¥ Btand 7

unfleretory ovarsiory &m&gwgtﬁrg overstory
#hilte ash 158 28 163 ' 118
Bugar wmapls A & a8v 18
Hed maple 125 B 147 a7
Fad oalk L 275 43, i85
Paper bireh 50 a2 1wy
Hlack birveh 5 52 32
Totals 452 510 5822 613

Ave. DBH per tree - 4,3%, Ave. DBH per trec - 5.8%,

A hypothesis explaining the presenss, on dry soll, of a
stand typlesal of inbermediate solls 18 that the red oak was

seversly diseriminated againsgt in valn efforts to bring

woods into the main canopy. The records indicate a polioy of

favoring a fringe of white oob end paper blrsh opn the edees of

plantations, Red saks i from these sitvations
bagause of wolfish fendsncies., S%end 7 bordere the best red
plue plantation on the study area besides having iis own pine
undevstory., Investigation has established that eight "eprove-
ment cuttings wers mads in thig 5ﬁamﬁ; The few red oskes, the

small sise of the remalning tress, and the greal density in
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dominant position of trses ususlly presshi zs understory on ©
dry wmoils lsads te the conglusgion tha® the severiby of the
silvisaliural tresbments has caused ¢omposiftion ohanges ln

tihip aband,

IV, Possible velationships bebween stand composition, soll

moisture, and initisl rooting habit,

Prasent standsz bave been shown to roughly reflsct the
somposition of seedling stands ln the talliss of 1218, He

affort has been made to explain the iniitlal preponderance of

i

€

certain fres seedlinge on the sreg covered in the inspections

L

£ AB18,. Such an explanation has become sgsendial o thils
tlgcugsion of the relationships between soll molsture and spedies
disbribution, partisularly =6 sinoe evidence has Deen presenied
to show that these stands are relaltively stable asszzosiations.

Bped sourss and the shanss dissenination of seed over ocub
over land cannod be overlooked as factors in species distrile
vilon., However, these factors sust be of of minlmum importance
shen they coour almest universally in the itransition hardwood
veglon. doflanon, Hyde,and $line (1935} found that wrad osk,
white ash, and red smaple wers lnvariably major components of
one %0 Five year old stands on sitesz I and II following the
removal of the old fleld pine in Cegntral New Englend., Thers
is no reasen not %o baligvé %%%@ %h@a@‘aanaiﬁi@na were not
%ff@ati%@ én the study ar@a..ﬂ

Wright (1935) in his study of the genus Fraxinus, dlvided
the white ash of the sastern Unlied Btales into thres sootypes)
northern, which included New England, intermediate, and soulhern,
The typical aﬁéﬁling of the aoribhern ecolyne Thas three or four

malin roots 2 foot or mers in lengith, with many brenches. The



- G

. . £
reguly 19 & fibzrous mat offering good anghorages and excellend

for supplying nulrimente,? (Page L24) Yhite ash of the
gouthern eoobyne was shrengly %&@rgg%@ﬁ'wi%m ﬁﬁiy 2 fow small
isgeralg. Tress of boith sgobypes were grown in a Charlion
201l nursery on the Harvard Forest. BHoth transplanted and
uniransplanted geedlings of the zoubhern eosiypes were sevarely
frost heaved in the winter of 1540 ~ 41, Ho froegt heaving
socurred ameng the Iibrous rected seedlinge of the northern
- se0lype.

Ho pelerencs vasg found as to She ability of red vak
%&ﬁ&iiﬁg@ to withatand frost beaving, Hoore (1922) states
tiat "iis seedlings send down a long, thick faproot the first
year®, I seems probable that 1% would be as sublect %o Trost
neaving 24 the soulhern scoltyps of white ash, the initial
roobting nabits beling guite siunilar,

bonditions for ice formation and frost hesving are most
apt B0 bs presant in relatively fine texbured soils having low
noncapillary porosity and a high water table. (Lubz and
Ghandler, 1847} These condiidions are pogt nearly fulfilled
on the wet solls of the study arves, If iz possible that the
taprooted red o8k gesdlings nay be mors liable to frust heaving
on wet soils than the fibrous vooted ash seedlings, If this
slituatlion exisbs, 1t may be an explsnation of the #87ly predOie
inance in numbers of whilte z2s8h over pad ocak on the wet soils,

Diebold (1925) found frost heaving and ths resultant slow
growih in coniferous clanitations ssricus only on poorly drained
to lmperfeotly drained solls. In this connection, it is of

interest to compare flgures T snd b Yo nole the relationshing

of red pine e soil type on the study area. Uwe suacessful
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ved pihs plantabtions grow on dyy s0il while one grows on 4ry
and inSarmediste soil. Although widely planied on 1%, no red
nine has schleved dominance opn web aoll,.

The cantrasting development of young root sysbsus of while
ash and rad oak may also gerve Lo sezplaln the early diminution
ixn mumbers of whibe ash on 4ry soil, Fin general 1% may be
3244 thalt the 2bility of & glven svscles to persizt on & glven
81%s or Lo becoms established ln & nev reglon depends very
lavezely on its lnitisl root habid and how ¢losely 1% ie corrsisted

w4k available goll wabtsr from which 1% draws 1ty supply.

“’J
¥

i

Bagaugs of Theo

%

gresat differencss in inltisl rool hablly of one

as sompared wilth anciher, pertisulerly in rslation te

&
b

gnanles
ranid %@%ﬁ%gyﬁ growth, the wolshure avallable for one speclses
may be very different from thal for another, even vwhen bodh
are growing in the same soil,?® {Toumey and Korstian, 1887)
Forotian (192%) found that 4f ths taproot paneirates the soil
2% 81l the oak seadling is able %o withsisnd considerabls
Aryness while a3ill in 3%s Juvenille form. The Harvard Forsst

suoris note a consiferabls ascwmlation of needles and duif
after ths removal of the old [isld pine, The dryling oub of the
organic laysrs was ofben glven @2 the scause of deaih of Tthe
shallow pooted white pine se=dlings. I% ssems probable thal
the vef osk gssdlings were bather adapbed %o suvvive drying of
the orgenio and minersl hovizons of dry soil than were those
of white ash,

Relerencs toe Figure § sghows & remarkable umif@?miﬁy in the

percaniage of red maple in 21l stands except %ﬁanﬁ 1, & dlffere
snoe insignifizant bessuse of the few trses Involved., It is of

inberest to quote agaln from Toumey {1937}, Hvhen red maple



bepomes ssbabllsheld on dry goils, The indltial root is Trom

the stard diiferent from what 1% is dhen gevminailon takes

in o2 swamp. In Bhis specles the inltial root systsnm is

'ﬁﬁﬁyéwgiy clasthe, Alowst fyrop the bspinning 1% is short and
snreading on the wel gollg, rarely reaching a depth of move
than twe or thres inohss the first season. On dry upland

303l the primary reot conitloues 1ts dovwnmard growbh throughoud
the enbire sssson, ofien reaching 2 length of 10 opr 12 inshes,
In webt soils lateral voods ave abundant and well develoved, in
dry molls they are velatively wnimportant, This speclies s
panable of adjugtoent for eavly growih under a wids range of
moisbure gondidions.? Thiz adepbibility of the initisl rool
systan supoests an szplanabion of the universal coourrenss of
red maple on the Harvard Forssi,
Holeh {1931) perdormed exporiments indlicating that each

species bas an Inidisl rool babll thel apresrs To be 8 havrede

saber vontent. This finding agress with ¥he work of %he obher
invesblgators quoted and with personsl observations of seedlings
growing on the study aresn, Thisg line of reasoning indleatss &
strong peszibility that the mudbers of sach @n@ﬁiag on & given
0ll Lyvpe iz plogely relaited to The inlitisl %&@%img hebit of
that spscies, This welationsbly wrobably becomes leds apparent

@y -
Cuwk Ll

&

stand ages., Vatlalions in the rzaltaes of growbh of the
more mature compebing specieg would Tend o obssure sompousliiion

differences vesdlly arnarent w or sapling stands.
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Throughout thlz sbudy It was svldent that differsaces In

g0l and in weater level Flustuablong wers small se wers The

serresponding varisatlions profucsd in stand composiiiod and

volumes. The zaue bres spaciss APs pre: @ﬁ@ on all sé%ﬁ Bypes
pnd grow ot essentlally the same vates, The scile of dry, web,
s intarmedisade soll typss eovers perhaps one third eof the
range of ponditions Ffom bog Lo inose encountersd on an exposed

. o S LR P T g 5 H o e o
rock ridge, Lxpanglon Loward

& U S & k: o et
sitner sxbrems of dralnsge

how theses relatlionships

the 5011 nrofile ars an
sail molsturs regime. The rangs of condlitlons

to sinlmur goll molgturs snepuntered on ths abudy

into 2 scale of Sthres goll types;

Yelb, lntermedla

e .
i;%f;" » ﬁm@ ‘éﬁ;i’;}f ™

ationg szisgh in boih volume and somposlilion of The
stands growing on these Bhras s0il types,

growih of sach of the predominant spascilas was

]
S
5
b
&
wnga
L]
¥
W
o
+k
]
o
=P
%i
g o

¥ the same Loy esch geil bypa.

4, ¥olums diffevensss in the stends growing on the thres goil

types are athributable %o variations in spesles gomposlition.

5. Man has done sompardtively 1ittle to alber speciasz compogition,

f, Bhand vesords and vlot data show 1Llttle avidsnce of Influencs

on species distribution by soll molsture durding the past 2D years.
A Limited smount of refovengs 2nd of indivest svidencs was

nresentad in gusport of the postulation that soll wolsture

endiltions exerded a meximon influence on specliss disgtribution

during the initlal sshablishment veviocd of the prasent siand,
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Sueh a Finding Li%e the conoept of bthe dynamis naturs of slte’
quality as shressed by Helberg and White (1958} who sate:

L. Bits i the sum of all the effectlive factors undsr whish the
forast pompuniity llves. Usually ons or more of theze Ffasltors
exercise a dominabing influvense on the forest vegelatlion,

Zo The rslative iluopaet of thess faotors of slte on the forest
gommunity may and frequsnhily does shange ih relatively short

seriodz of dime. Obher fagbors then besonme of oribliasl

g

influence on the forsst comumunidy. This concept points out the
nzoessity for using esutlon in isolating any single Tactor of
8ite 23 being the dsolsive influenee on siand composliiion over
the entive Life span of Torest trees. |

This sbtudy has ghown that relatively small areas of & given
soil neistures condliien have produced an affsct on the composition
of asaseisated Tovest sbandsg of trees, It apoearsg thalt oheetenth
acre 16 the minlmun slze of ares of soll producing & meppable
effect on the stands at this poind In thelr 1ife spans, The
scale of the map and i%s intended use are obther faptors that
ghnould determine the minlmum size of 9011 units e be mapped
for use in forestry.

Sufficisnt coincidence exists belwesn units of s0ll type
and of ssgosiated forest vegetation to Justily the conclusion
that s0ll moisture is or has been 2 oritical Tachor in speclies

digtribution on this porition of Harvard Toresh.
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Gommon and solentific names of Yrees referrad %o in this paver.
1. Acer vubrum L. = vad maple

2. Aoer sacoharum, Varshall - gpugar maple

S Amelanchisr sanadensis (L.) Hed. - zhadbush

4, Betula lenta L. = blask birch

%, Betuls lubkss Miabx., = vellow birsh

B, Bewwla papyrifera Yargh., - papeyr bi?ah

7. Betula popuiilelia Harsgh. - zray biveh

B, Onrva ovata (H11l.) L. Kooh., - zhashark hickery

0. Cagbtanss dentata (Marsh.} Borkh., -~ chestnut

10, Pagus grandifolia fhrh, - besch

12, tgtrya vivginia {(¥11.) B, ¥osh, = hop hornbeanm
1. Ploss ablies (L) Karst - norway sproos |
14. Plesa glavea (Hoensh.) Vosz, - white spruce
16, Plaus repinegs ALlL, = red uins

16, Pinug rigida Mill, - pitch pine

1%. Pinus atrebus L. - essharn wlte pine

E%, Populug dremuloldes Michz, « trenbling aspen
18, FPrunusg penngrlvaniecs L. - pin ah@@ry-

20. Pronug gerobing Bhvh. - blagk cherry

2). “uercus alba L, - whiis oak

2. tinercus mibra L. - raidosk

25, Thus syphina (L.) dudw. - steghorn gumac

£4, Tills anmericana L. - bagswood

26. Touga oanzdensis (L.) Carr, emstern hemloak

28, Ulmug americans L, «» apsrican sln

Authority - Gwrayls manual of bobany, elghth edition, 1950,



| Eorison Colox Struchare Gonslstence Cementation Eorizon depths Texbare
Stendard ¥uansell drade Gize Form Holsturs mntj::t at or Thickness ﬁ ‘Boundary
romenclature| Goleor Uharst sbove fisld gapacilty inches from | thickness
Ay 10¥R2{1 weale |medius |gremulaz frisbls Bone 0-7 gradozl logs
sub ang, .
Boy 7.5 YRifh weak |cosrse |blocky friable BORS - 13 plear fal
sub BB
Boo 2.5 ¥ /b weak  |coarse ‘blam friable #ne 13 = 20 abrupt £51
671@ eparss firm im plsss, .
2.5 ¥ kb to very |platy |weaskly fizm when wenk 20 f —-—— leam
SHRTERe Ry e s e
brofile descriptleon, hole § 7. intermediste soll.
Conrse
Horlzon skelston Hobtles RBoots Surface Remayis
Bize Gontrast | Celowz Sloepe ' Stam&m% venfiguration
MRy sﬁ;ﬁmaa 2 - 6
Ay few stones BODS —— - —— fins 10% B4 bowlders O0~8| waiform m&siﬁmbié
fow, maail _
B stones none —— - =
Bop fine faind yellowish only
31@ yellow pores fow, falng,
coarse (i s
stinet ‘?mm fmm | azed.




Color Structurs lonalstence Cementation Horizon depths Pexture
Humeell Grade | Siza |[Fowm {loisture coptent at or i oknes: Boundary
Coler Chart sbove field|cepasity) inches from | thickness
mdemi;e:ﬁm ) mnaticky,
Ay 10 IR 2/1 wek |medive | gramad frishle Bone =9 ¢lear loam
medinm, m&ﬂﬁw ®
By 10 IR 2f2 week  |ooarse | gramulaP very frichble none 9 =18 clear fal
_ sub ang| morsiicky, fimm iy :
Boog 10 YR 3f2 wesk  [mediwn | blocky @lma, friable very weak 18 = 25 abrapt gl
finter comes in - fmgt, s@n ml GBS
C1gm 10 ¥R gf2 | when removed le. Trobsbly e ok 25 - sl
Profile description, bole 2, wet s0il.
Soaxas
Horizon dral aton Hottles Roots Surface Bemprka
Size | Uontrast Golor 8iope Gonflguration

ko4 stomas 0=2 | slightly

s mo——— e H ¥ poulders 10720 concave
:1 extensive morm
By faw atones | mey be few | - m— e evidenca
B , sty Bany 1 moticeably compact
<Rgm few stones | fime | adistinet |browe | fine heavy flow water

appoars _
Clam stone fres | many medium | dlstinct yazllﬁﬁiﬂF none




Colow Struchirs Gongi shenss Pempntation. Horizon depths Tertnre
Hunssll Grade | Sige Borm {igistare conkent at o
Golor Chart sbove field|cspaciiy)
fine
By 5 IR 2/2 soderabp nedlue) gramilay very friadle 0=-8 elear £l
B 7-5 ¥4 Wfh weak |medlun |blocky friable none g =22 clear 81
_ m@%@m #ib nag| Prisble, Hove fhym
Bap 7.5 12 5/6 weak | o ame | ia plsce Shan By, BoRs 2z - 35 sbrupt sl
iy %ﬁi% mm%?ég ?ﬁmﬁ 5 ¢ 1
G 2.5 7 474 wesk | coarss o renoy AET ' — a8
ten 5T H platy | in place.
Frofile descripbion, bole 4 1, dry moil.
Coarse '
Borizon Skeleton Hottlss Roobs surface Hemanylcn
o lars ) bk BE B
- ature Sine Yomtresat | Color Siope %&"_Mﬁgﬁébﬁ‘ J Configuration
1 mne fine | W Bouldersz0-! convex activity
B: stone fres none oo —— —— £ine
meny enall fow water comes in
Bop slonen BOBS -— - —— fima atrongly
Toly anell L Faddd ah ros infrecuent
Clem stones COmEOOR mediun | dlstinetd browa none - ﬁ*@i !
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Goll dralnsge classes, page 170, Boll Survey MHanval. g

Welli-{draineds ,

"Water is romoved from the soil readily but noi rapidly,
Yell drained solle ars commonly intermedlate in texbure, alihough
soild of other textural elssses may also be well drained. Among
the nodgollic solls, well drained solls are free of mottling
{ezcept for fossil gley), and horizons may be brownish, veddisgh,
yellowish, or grayieh, They may be mottled deep in the O herizen
or below deptha of several feet. ¥ell drained soils commenly
rebaln onblmus smounts of molabure for plamt growih alter vains
or additions of Arrigatlon water.®

noderately well drained:

fater 18 removed from the soll somewhat glowly, so thai
the vrofils 1s wet for & small but signifigant part of the time.
Boderatsly well drained soils commonly have a glowly permeable
layer within or imnedlately below the solum, a relatively high
waber table, additlons of water throush Sespage, or gome
combination of these conditions. Among vodzolic soily, moderately
wall drained soils have uniform color in the 4 and wpner B
horizons, with wobttling in $he lower & and in the ¢ horigons.®

Somewhat ooorldy draineds

Water is rvemoved from the soll slowly enough %o keen 1%
wel for signifigant periods but not all the time. Homewhat
peorly drained solls comwonly havs & slowly have 2 slowly permeable
layer within the solum, a high water fable, adiitions thresugh
Seepage, or @ oomblnation of these feefurss. Among the podzolis
solla, he somevwhat poorly drained golls are uniformly grayish,
brownish, or yellewish in the upner 4 horlzons and gammonly have
motilings belew 6 to 16 inches in the lower A and in the B and €
horigons. The growih of creps 18 resfricted 46 & marked degras
urnless aptificlal dvainsgs is vrovided,®

Foorly dralnesd: : ‘ g

"ater is vemoved so slowly that the soll remalns wet for a
large part of the time. 'The wabter table is commonly st or near
the surface during a congiderable part of the yesr. Poorly
drained conditions apre due te a high water table, a slowly
permeable laver within the profile, %o seepage, or to soms
combinatlon of ihese conditlons., In the podzoliec soil reglon,
poorly drained sclils mey be light gray from the surface downward,
with or without mottling,®

#8011l drainags, as 2 conditlon of the soll, refers to the
frequency and duratlon of parlods vhen the 801l 1s free of
saturation or partlal saturation." (page 185, Soil Survey Hanusl)
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$0ll survey of Tom Swomyp Block, Herverd Forest. (Bimsons, 1939)

Charlton sbony loan, page 108

“This zoll has developed in well drainsd situations from
dealhared $111 derlved largely from blulsh gray or bluish green
schigt, In most places there le 2 very thin accumulation of
apganic satier, nost of whiech is litter, on the surface. Ths
guriags soll, %o & depth of & or 7 inches, 18 & dark brown friable
leam or Light 231t loam. Coarsge mull lg weskly develunsd, The
gubeoll, to & depth of 12 or 20 inchas, iz brown %6 yvellowish
brown 8ilt loam. The deeper subfoll, to 2 depih of 20 or 30
inches, iz brownish yellow loam. The substratum ig olive-gray
o grayieh yellow, smeoth, fine grained glacial 112 that contains
asny fragnents of schist, In some places the subsoil 13 not as
brown a8 the subsoll of typlieal Charlton soils found in other
paris of New Hnpland, In a few vlaces a small amount of reddish
brown schist has been includesd in the petrogrscblie cosposities,
maling & vellow ov grayish yellow t111, The depreme of stoniness
varics from almost arsble to stony land, Hany of the sbones and
bovdders Tound on Charliiton soil ars creniie,d )

Button ailt loam, page 162

¥This soll has developed in imperfectly drained situations
from weathered glacglal material derived principally from schist.
The surfage soll, o a depth of asbout gix inches, ls dark grayish
brown 8il% lean that is strongly %o very strongly acld in resoilon,
in wost plasess this is & coarss mull that hes a high conbent of
organle nalter. Ths subsoil, 3o sbout fourteen inches, is mobiles
greyish brown, prayish yellow, gray, and rust brown 831t loam
and, bo about twenty inshes, is hiphly motiled gray, grayish
brown, and rest brown 811% leam, These subscil hovizons are very
atrongly acld in resedion. The substratum is highly nmotiled gray
or rust brown clayey BALL in soms places, but in other »lacss 4%
i olive or gprayish yvellow, 8ilty 3121, 1% 12 medium aecid in
venablion, In some places %he upoer pard of the subsgoil is
brownish yellow 8ilt loam that is faintly mottled with gray or
. grayish brown, In 8 Tew vlaces this bovizon fs unmotiled
brownish yellow to a depth of sboud fwelve inshes, This zoll is
noermally aszgoclated with Charlton gelils and ig derived from
gimilar materialy, but in thig forest aress of Subton goil are
found aszsociabed wilth Brookfisld and Gloucester soils, In thege
plases, thesubstrabum 18 compesed of the ssms pmaterials as thal
of the agsoolated goila. Host aress have many stones and boulders
but a few ars very gtony and bave 1ittle #0il in the cravices
batween ithe recks. Host arsas of this soll sre azituated in
siight depraessions or on conoave 8lones that have alight relisf.
The average slope gradient 1s less than five percent but in
gome places 1t iz as much ap seven peveent,
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Whitmen stony silt losm, paps 201 #
aTnie soil has develoned in peorly drained sltuations
assopiated with all the soils of this region that have daveloped

from westhered glasial %ill. The surface goil, o & depth of
ten inches, 18 very dark gray to nsarly blaok 2il% loam or moky
211% lomm thak 1s medlum Bo atrongly aeld in reastion. %he
subsoil is z oompaet gray or mobltled gray, graylsh brown or rust
neown 911% loam 6y sandy $AL1 that im glightly to medium &cid in
peaabion, In some places the dark colored surfnge exfends to a
dapbh of sightesn inches. In many claces thera ig & layer of
wnmotiled gray loam op silt loam above She corpact, motitled
subgtretun, Thers are many stones on the surface and in the
soil apd in pany plases ave bhe trus Lithosols as thers L8 very
1455le soil batween the rooks, Host aress of Lhis soil are
sraverssd by intermibdtsnt drainege chennels and there is soue
21lurial material hers and on the suriacs, In a2 fow places,
esnecially near the roads, several inches of ssnd and gravel
have |

-

boon washed Prom the voad snd dspositsd on the seil.®



Speclaes

Rel cak
Whive ath
Paper birch
Black bireh
Suw_mwgla
Red Haple
Telloy bizch
 Basswmoad
Fhite pine
Hop hornbeasm
dnlve onk
¥hite spruse
Gray birch
Hickory

Elm

Baech

TOTALS

Parceat
22.5 el
0.2 863
19.7 565
k.7 13
12.1 6
5.l 156
2.4 68
0.7 19
1.0 3*
8.1 3
0.2 6
- 1
0.3 g
0.7 20
— 1
— 1

100.06 2,864

Humbey

Density,
PEr RGPS

08
132
87
21
53
2t

10

ol

Ge

D

429,.0

e

Average
had ot

hge
pites ]

N

ho

Total
wolmne

3,211, 27
1.289,57°
1,526,410
2. bbt
378, Ol
LER, g
96,03
£9.13
GE. wnt
1.850

7. BE

2. 50t

9. ug
35.50°
0,601
2.107

7,{}&9-93'

mmary of 225 eruise of staly ares.

ATORRED
volume

%s i}{;’: 4
1. 43¢
‘ﬂvgs 6&.@

1.76%

1.09*

1.197
.43t
1.53°
3o REY
g. 62t
1.7
2, 85
1. 0851
1.78"
0.601
2,101
2460

Basnl
ATER

1. 559
GhH.HOLY

bvarage

HBH
6. ¢
2
.14
.2
3.5%
370
L
3.9%
5.5%
2.8%
b, 3%
h.6¢
3.5"
L
7.2
h.g¢
oy
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of mineoy gband compononts on shudy arsa,

Snmoling Unpue Lower Sunnresasd Totals
arown olass oo OLAgs orown olags

2 & ' 7 Le

m Sy
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e
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) '§mﬂ ol
£y b8 gy

w3 163
St 43
0 i

4
ot
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o
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I gk
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bodl £ et
i e
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&
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Totels 58 e £=54 841

Anraes oruised » 50,



Papoont

315
12.%

PORALS 100,05

16

Yolume Tigures bulken

Dengbby,
LT BETe

Agarsre
hedght

2
38
5
5B

fran "Bivdies of Jennsctioab !

vy of 22 srulss of stand #l.

Zotnd
Wiy LS

Ge510
855"
Za %ﬁ‘

.71

Bpsal

LRBE

(.06
GeiT5"
0. 069"
1.011°

arimoods. The fers of heriwoods pnd

volmea todbies ob 2 forn gustlient basis® b Hawley, #. €. and Weaton, ®. &. 1%9h.

age 75, table 1%, Tsls Unlversity: School of Foreatwy, tulletia 1T.

Sesrags

33
3.8
2.5

3,9
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wnayy of 220 cruise of stapd 42,

Epenies Fercent Density, hveregs Total Averngs Basal | VeTage
pET atPe keight voions Yolume arap o2
Black bireh 11,0 a 52 e 3. 73 c. 83 1.920" b,1%
Yellow bixeh  18.0 ks &7 e 53,830 1.5% 2. 8510 39"
white ash 12,0 2z 55 kg .43 T.h%? i.'na' 3.89
Paper bireh - 25.0 Uy 117 g 129.61° G LR -
#6d mapl Gl g 22 bt 33,95 1.167° Lag?
Zed oak 22.0 B2 165 5it 245, G5 ¢ 5. 81 10.987° 6.9"
Zlm 0.k 1 Y ag* 601 0568 3,29
Bop hormbesn  0.b 1 h 399 B0 Lo 2a50
#hite spruce  0.b 1 i b 2. 801 «1159 LW
vhite ousk 0.5 1 k 5 2,101 2. 109 A% 5.0
Wite pine 0.4 1 b pat 1.2 1,200 Log7e b,0%
Segar naple Bl g 22 729 310,80 1,200 « 596! 250

TOTALS 106,05 190 W76 e 550,301 2.89" 25571 L.ge

o 1T o



sry of 20F oroise of sbtsmd

Species Forcent Hymbar Denalidy, Avarage Breal Averpse
per acre helght hres mE
Wbite nsh 32,5 162 3 1.67F 2.5 Lo
Red ouk 19.1 98 §re k.59 3, 872 A
Black birch 36 B 19 1,59 1.73 FaEY &@.1@\
Paper blreh  319.1 187 o8 4 il 210 %02t F.02pY . 5%
uger maple 13,9 137 72 It 42,92 1.0 B, 308 3,49
" Red mapla ‘5.5 & PR 5,50 Ti. 778 1.31° 55921 K00
Tellow birch 2,0 g 10 ipt 26, I 1. 19t 2.108! b, 5%
Grey bivch 0.2 2 1 HY 1,850 Lot LJi27 o
thite ok 8.1 1 0.5 281 <904 . G0 <067t 25"
1.6 16 ., B 22, 88 1.hat %.282¢ 3.9
8.7 7 b 321 10.15! 1.h50 R 1R T 5%
Hop hornbeanm 0.2 2 1 e 1950 ~HE" 3151 3,19
thite plnme = 1.5 15 8 H 51,659 AL 2. 487 5o 5%

TOTALS 100, 0% 981 515, 5 na B0, U S50 125,309 lg

- Y -



Species Pergend

White ash  59.1

Black Blrck Lk

6.4
Red maple Bel
Reb oalk 9.5
Fnsoenod 6.2

Paper birch 7.5
Fellow bireh 0.4

Funber

298

7
83
%

i

f gypize of gtamd £ 4,

Fokal
yolmas

hoz. 07
. 501
75.93"
5. 620
199,011

Average
rolame

1.35¢
L

.32

99"
3,908
1.508
1.6
1,080
1,540

Bassl
g -

21,979
o 5851
778
1.574
8.503"
079"
16624
L1529
.73

33"
5. 78
3, 8%
R
37
399



xy of 224 ovoiss of stamd 4 5,

Speaies Percent Yheber Beasiiy, Ewarage Tokal Byurass Baszal hver go
BEY L0Te hoalshd volome yolume aren

Papar biych 6.5 13 167 Yy 71,154 2, Lyt 1. 3790 I, ¥
Red oak .5 % 205 B £7.08 &, b5t 25521 G W
mw asd 9.8 5 6l hie b, 273 | . 859 2708 7, 2%
Red mapls 1.9 1 13 ES IOt . T R 3,17
Teilow bizeh  15.7 g 10% W, 5t 9. 53 1.19¢ NG %78
Plack birck  1%.7 7 a0 e 8,08 1. 958 Lo 3.5%
Hickory 1.9 1 13 it 1,301 1.30¢ 056 %20
POTLLS 23 655 1,58 i3, 8 2, T8¢ 6. 350 L

- ’?‘;}éé»{{ o



ry of 22% graise of sterd 4 6.

Specden Percent Humber Densiiy, Avsrage Pobal AVEIBES Basal

TeF atre @@i@‘*ﬂ% soiwne @ veLlwae ares
Psper bizch  27.b4 e LA 598,72 2,67 28,1588 b, @
Red gak 45,4 155 Ly 1383, 51 b, 77! £0. /o Ba 2
¥hite adh 15.2 12k 65 Lol 181.35° 1. 06 16.057¢ 3. 8%
Sugar maple B b o 37 i g2, 43t 1.8 5e 2631 3.7
Hlack bireh W 59 26 Bzt 95, 08" 1. G40 5,093 b, ¥
Rad mapls R a2 17 7t e Th? 1,87 2,1201 3o B¢
Ysllow Bizdk 5 2 1 35 Fe 200 1,601 +193¢ b, 2¥
Higkoey 1.2 1o B Lt #1. B 2,148 1.091! b, 5¢
hlbe oak .5 i g %3t ki, B5 la2st .07 b, 3#
Bosswsad o3 1 o5 25 T « T SOkt 2.5
¥hite pime -5 h o %He i6. 70 5,181 L TEOS 6O
Gray birch o7 & 1 35 Le53 1.09° «H1BY 2,6%

POTALS 100,05 816 55,5 Yis? 23T, G5 2,988 1339660 5.1%

- BLY -



. i ; o & @, £
Buwsry oF B ecvuise of stand ¥ T.

Bpeclon Parcent Bumbor Denet b, Average Tebnl Aversgs Basal Average
Py aore halghy volume veluse BTes om

Sveer wmevls 17.2 = 127 ad 7. 76" 1.214 2,182 T, 6%

Peper birch 22,2 LS it 30 78, Kt 1,640 4, 31554 %.31%

White aeh 9.0 7 255 b 57,641 » 751 3947 28"

Red oak 1%.56 27 100 kg, 59 68, 151 2,698 Y, 7ROt 5, 7%
1y a7 50 7.93! « 75° . 5239 3.1

2 7 3t 365! 1,830 Lm0t g

1 4 fa B B0 +Clg 2, &"

1 Y kot 1,150 - 1.10¢ LT 3.54

158 7% 58, 64 285, g T.h40 16,1261 2,09

- 59T -



Bummary of 2590 cruise of shend ¥ &

Gpecies P orvoenk Humber Denstir, Averege fotal Average Hasal Average
per aors hefghd Yolume voluma aresn DB
Peper Bireh 1.5 g & 51 50010 Gu2ht? 2,069" 6,97
Beliosk 9.8 ko 10% 5358 272 11.530¢ ER L
“aite agh 23.4 - S ! Erd 7e, 750 1.b3oe Yo 2*
Blask birch 9.3 10 3B %7t 16 259 » 533" b, 5%
Hed maple Heb 6 19 B 5, 080 o 3800 AL
Beecch 1.0 3 30 2,309 $225¢ bog*
Yellow bixoh 2.0 2 6 220 1.7 58! « 1054 %1%
Sugar meple 12,1 13 y2 359 18, 50 1,400 1.0608 3,84
dhite pine 9.3 10 2 sy 28, Ft 287 1.5100 5, 3#
Bzeswood 1.0 i % e b, 059 k05 « 220" - b,u
Hickory 1.0 i 3 Liga 2. 7 2 300 121" B, 7%
FORALS 107 3y hz.5t s, 0Bt 4, 08¢ 211700 6.0%

a'@i? -



Folght and dlemeber dlstribubion of red cak by moil tynes. b

Helght classes Dry Inber., ¥at  Dismeter classes Lyy Inber., Veb

64 = o o 1 ) 11e5 = 12,0 0 1
66 = 68 o 2 0 11,0 = 31,5 3 1 o
G = 661 o 3 0 10,5 = 1100 2 o o
62 = Eht O 1 10,0 = 10,5 5 5 o
60 = Gat 5 5 o 905 = 10,09 9 & o
BE = 501 16 4 i 8.0 = 5,54 17 10 1
BhH = 550 33 16 | @ 8.5 = g,0% 18 2 0
5l - 5pt 65* a2 b 8.0 = B.5" 21 i0 1
52 = Sk 52 18 g 7.5 = £.09 % u 1
5O = 5at ) 1% 5 7.0 = 7,57 k! 14 b
Lg = 5ot by 25 10* 6.5 = 7,04 s 1y b
b6 = bEt. wm m 2 6.0 = £o59 [ e 5
bk = b 23 ig g G5 = 6.0% 27 10 5
b - bt 12 32 2 5ol = 5,5¢ 27 23 13
B0 = Lt 1k 6 2 B = 5.0% 27 19 2
38 = Yo! 16 3 1 B = b5t 32 32 4
%% = 78 g k 1 35 = 4.0 2 11 1
T 5 2 2 300 = 3.5% 20 18 3
32 = B g 9 2 2.5 = 3.0 2 i3 1
30 = 32 2 3 1 2.0 = 2.5 3 3 3
28 = 301 1 1 0 |
2 - 2u 5 o 1

Tobal trses 380 by 80 21k Lg

Average height 52 45

&

Averace dismater 5. ge 6. 3” B 7“

Acres, each ' :
goll bype 3058 2,20 H78

® ¥odal ddwmension



o 1?& i
Helght snd dismeter distribubdon of paper birdh by soll types. /

Belght classes  Dry Inter. Hed Dlemeber classes Dry Inbtey. Vel

£8 = O 0 1 9 11,0 = 32,07 1 o o
65 f-ag&gi o 1 g 10,0 = 11,07 0 e o
G4 = 56 ¢ Y @ 9.0 = 10,0¢ 2 2 0
Ge=gW 0 9 1 8.G = 9.0% 7 6 1
50 - g2y 3 3 i 7.0 = £,07 13 11 2
HE = 509 6 i 2 6.0 = 7.0% & i 2
5 = 58 14 1k o 5.0 = 6.0¢ 58 32 3
BY - 55 B @ 2 bl = 5.07 5 50 3
Bz - 5h 22 18 o Bl = b, 08 74*  65* 9
B - 521 28 18 3 2.0 = 5.4 55 79 19%
Lg = 50¢ - 22 27 3 1.0 = 2,04 2 3 1
B = g 22 19 B
Bh o= hge b 17 &
B = Yut . o7 33 &
TR = S ¥ i5 3
8 - Nt 18 i7 k
B = 38 a3 7 5
o 3G 10 15 &%
3 = b L %
e 32l 9 5 3
28 - b 5 2
26 - pa G 2 &)

Total tress 292 233 4 202 233 40

Avevage helghs UEY L&Y Y Average dlameter 4,87 5,3 B,1¥

¥ liodnl dlvension



Helght snd dlemeter distzibuiion of white aeh by soil types.

Helzht olasses Dyy

Lo = ghi G
G0 = 621 o
B8 = Got o
Bh = 5g ¥
B4 = 56! |
5 = BUt z
5C = Bt %
ke = 50 11
LT 1 13
Bl o= ot 0
k2 - iy 2
h = it 23
38 = hot 2a°
% - 38 18
= 3 1k
B2 - 14
0= 32 4
&8 - o 2
E L 1
Pho= 250 &

Tobal bress 17
Aversge helghhas 0!

* Mpdal dimemsion

inbar., Yot

1 0
i o
o o
1 1
1 7
iz g
RN U
33 b1
.| A
B 2l
a2 33
35 28
33 23
3;;@ ;%%m
23 25
4 18
1i L
g 5
1 3
ot 298
e 3G L

Dismater cloases

B.O = B.5%
7.5 = &0
Ta = 759
£uj = F.08
6.0 = §,59
Za5 = 5a0¥
540 = 5.5%
B.5 = 5,01
By = 4 80
35 = .07
300 = Z5%
2.5 = 3,07

2.0 = 2,54

1.5 = 2,09

Averagd dismebep

Dy
)

o
0
2
5
8

€N

i1

178

3089

inter,

G

-3 WG

1
ﬁ- 3“

Web
1
2
1

10

15
2z
11

WO

65
69*

298
3.7"



- saw

zor wmpnle By soll dypes. g

Height classes Dry Inder. ¥eb  Dismster olssses Dry fzber. Yeb

56 = g & 1 o 8.0 = Gu5¢ 3 2 0
B = Gt & 2 @ 5.5 = 6.0" i 1 1
i = h 2 3 2 e = Ho5Y 5 5 L
5o = 52t 3 2 5 e = 5,07 12 i1 3
b =~ 5ot ! g 2 3.0 = B5P 12 23 b
B e hEY 7 13 3 %5 = 40" 16 25 g
Bl = 16 [ 15 9 3ol = 35" 18 2 13
Iz = hhe 10 1 5 2o @ 3,57 @ W Fx)
Wy - hat i1 21 5 2,0 = 2,57 5] 32 ad®
= it ER-A ¥ 7 1e5 = 2.0% & 6
= 350 10 18 g
o= 1l ze® [
52 = 3%' B 10 15
o= gl 2 i1 11
28 = ! 2. 1 4
ER 1 2 1 1
Tobal treos g& i 8 92 i1 83

Average helspd U5} ;‘59%‘ 37 Average dlameters LY 3 3.2

? Yodal Gimensica



Semmayy, W00 orulse, plob 4, sxporlmemt 42 e 1.

Upper orown claas Lower crowa olass Tutale

scies Bamber ¢ of Bagsl % ot bsverage | Tawbesr 0 of Tzl % of averags | Fumbevs Baswd
o i :
ghend aves Ba GEE abundl  arean Ba B8 arga

dhite ash i kz,9 2,601 e T A 2% kg2 3.662 B, 3 LT
Sugsr meple | 18 204 L.60C 13.3  hof 18 ¥0.5 2,755 355  1.6%

Pk

Fed maple 1,1 1% 1.1 5,07 L i «U05 ok L.OF

Red ok Ba5 Z2.989 el Ba3¥ 7 Le¥ « 205 %.H  R.ET

&
Paper bireh | 13 B 23R

o
548
L
]
‘a?
L.
&
w\
il
@
o
L]
]
p o
&
i
L
Wf

2.58
Bansmooed 10 11.2  1.88 16.b  b.UF i 2.3 152 1.9 1.7®
Bladk birca g G v} o ) 1% H7 T O L
Wkite plme & 8 & o @ 17 2.6 .1 2.7
Vellow Bipeh | © 2 1.7 Z.2¢
. N . s B Y W VY.+ 4

PORALS ] 100.00 11087 10008 5.00 W51 100.0%  g.2%  100.04 .89 A0 20,183

Hickory 2

Porcent of trees in voper ovowm olase - 16.1 drea of plot = 105" eqoars or L9573 aores
# # & ¥ iphay Y A W : '

Poproent of B. 5. in upper crowm class ~ 58.2 &
L] 8 % a8 # l@w‘w # ) wis A Dg




Swwnary, 100% crulse, plot B, expsriment 33 = 1.

Upper crown class Lower crown class Totals

e -

Species Fumber % of Basal % of Average |Number % of  Basal % of Average [Numbers Basal
_ stand - ares B4, DBH gband aves BA DBH ares
White ash 52 1,8 2,882  2h,Y4  3.2% 259 a4 3,600 U436 1.6% 311 6.u82
Sugar maple | 27 21.8  1.617 137 33" 207 T 2,500 o.M 1.59 23l M.117
Red maple 9 7.3 ligi .2 3.2 23 3.8 o 3% 4,0 1.6" 32 o817
Red oak 10 8.1 2.502 21.2 6.8" 17 2.8 0275 3.4 1.7% 27 2.781
| Paper birch | 24 19,4 4048 WL 5.6% 15 2.5 2101 4.9 2,24 39 M. Mg
Black birch | © 0 o 0 0 6 1.0 084 1.0 1.6" 6 - 08l
Yellow birch 1 o8 '.1§ 1.2  5.0% 14 23 »159 1.9 147 15 «295
White pine 0 0 0 0 0 48 8.0 .732 8.9 1.7 ug . 732
Basswood 1 o8 <13 1.2 5.0 1 02 - 006 o1 1.0" 2 o 1U2
Red pine 0 o 0 o 0 8 1.3 +150 1.8 1.8% 8 150
TOPALS 124 100,06 11,812  100.04 Y.2® 598  100.0% 8,327 100,04  1.6" 722 20,049

Percent of trees in - - - '
: 0 ”es 1 1;;;?;; crgm c],%as - égzg Area of plot = 105! gquare or .253 acres
Percent of B. 4. in upper crowm class ~ 58.9 * Size of average tree = 2, 3"

" L] ] L ® 1°m H ;] - 1.'1




ary, 1009 craise, vio% 0, swovinemt 37~ 1.

o

Huper ovown 918y

Bowed roen Olase

maber % ef  Bamd % of  Avepase
shand  aesa B4 LR

T

% e Basl B of
shond  srel B4,

Red pioe

Hicezy

Bive adh 13 451

Yollow Bi

¥hite pime

Whive oak

&2 Fiabs

Eel

&
38 12.8 10,272 7.4 TP
29 S8  B.393 6.0 £y 37
5 1T <39 1.3 268

Foh 9? alfﬁg nfﬁ '3"§§

i

B

5 «O87 o3 B0

9 o & o

£ £ &

¢ o o o
& & & &
& & £ 4] {

51
T

24

o
RS

el

43

3

0 M5B 379
5.2 5.58 k5.5

%9 2.5
1.k 1e3

o8 Ge
LR 7>

ol 022 oid
24 05 oL

1.6"
L.h®
1.6%
1.57
227
1.8%
1.h#
1.¢7
1.8%
1.6%
2,6%

W

1,818

konaE

297 100,08 2770 106.0F  B.3"

1LY

100.04 1223 100.0%

1.57

Perosnt of tress in woper exown clase ~ .G

L] L B8 Joume ¥ & e ?‘;g.;%

Percent of B. A, in wpper crowm ¢lass = (9.2

] # & =u # iaw B # - ﬁ.s

Ay of plot = 105z 2300

Size of averags trss = 2.4% DB

m‘@ﬁ?ﬁw



