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INTRODUCTION

April 1951

To convert uncut old-growth stands of northern hardwoods .to a thrifty forest
through partial cutting it is necessary both to provide groWing S})Me for
promi sing trees and to reduce mortal tty. If the mortality nomal in a virgin
stand is not checked through proper cutting, th~re mD¥ be very little net
growth. How then should cutting be done to stimulate growth and at tho same
time decrease tho mortality rate? Recently mortality has been studied on
experimental fellings carried out since 1926 in old-growth stands containing
a high percentage of cull on the Upper Peninsula Experimental Forest, Dukes,
Michigan. This analysis of experience records, collected incidental to
general grO\>lth studies, provides some a.ns\~ers to the question.

SOURCES OF INFOFlr.ATION

This study was based on several sources of information. The data li/hich are
most procise and of longest rocord are from permanent sample plots aggregat­
ing 24 acres and dating from 1926. They somple 8 cutting units, varying in
size from 5 to 32 acres, and an uncut area.

Because there was somo apprehension that tho lossos might not be fairly
reprosented on small snmple plots, mortality records were maintcinod on tho
ontiro cutting units beginning in 1929. A lOo-percent tally was mnde
annually, ruld each year, as new units were cut over, they were .:.dded to tho
study. This \ms continued the first 7 yonrs with one final tally at 12
years. A 4o-acro uncut roserve ~ren that had been established in 1928 for
studying mortality and a simil<'.r lO-acre uncut <'.ren were nlso included.
Altogether the area involved in this study was 175 acres. This constitutes
the second source of data.

11 Maint~ined at University Farm, st. Paul I, Minnesota, in cooperation
with the University of Ninnesotn..

?J Ay>preciation is oxtended to E. L. Howat '''ho maint::l.inod the records
during the early ye[',Xs and to J o R. Neetzel who was in charge of the experi­
mental area from 1931 to 1941, inclusive.

11 Forester in chnrge, Division of Forest Management, and Forester,
Upper Peninsula Forest Rese:J.rch Center.
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A third source is the 472 pormanent inventory plots which wore installed
during 1940, 1941, and 1942 on the enlm-god experimento.l forest as it was
being placed under m~~ogemont. These woro fifth-nere plots, on which all
trees 'lere dingrronrued on m~ sheets. The area involved was 94 l'.cres. About
70 percent of these plots were on areas which ~~ been given a light improve­
ment cut; the majority of tho othors were en oreas uncut except for solvage
of dead trees. These records aro available for an averago period of a littlo
over 6 years.

Tho first two sources of data npply al~ost exclusively to areas of northorn
hnrdwoods in which homlock and booch are absent. Tho third includes somo
heDlock and hnrdwood SWL1mp (ash-elm typo). Only trees devoid of green
fOliage were considered dead; treos with even ono groen branch remaining
were classed as living.

PEBNANENT SAMPLE PLOT RECORDS

Mort~lity and growth records aro availablp for a 20-yenr period for most of
the perDffilont snnplo plots. Tho data rosul ting from the o.naJ.ysis havo been
grouped into several categories mostly in accordance with the stocking left
at the tir.J.e of cutting (table 1). In theso cuttings the tin.ber narkers nade
an effort to designate the more defoctive troes for removal, although they
marked chiefly the Inrger trees. Hewevor, marking varied somewhat from
plot to plot in accordance with specific objectivos. In the analysis of
data gross nortality in e('.ch cutting was reduced to not nortcl.ity by applying
the estimated avernge cull percent for ['.11 residual trees in the stffild.
Since the proportion of defect in the trees that died was likely greater
than in the renainder of the sta..'1d the net mort".1i ty volunes I1~ be somewhat
inflated. The group-solection cutting is a spociol cnso in Which only patches
in the stand were cut rather thaT! the whole area. In between the patches
fow trees were rmloved.

The nnolysis of the records brought out that bonrd-foot Dortality was highest
in the uncut reserve area which hod a stnnd volurle of 9,300 board feet net.
The next highest loss was in the group-selection cuttings (8,200 beard feet
net rosidual stand). This was urobabl;)r due to the failure to renovo very
Dany trees of poor risk between the clear-cut patches.

The loss in the liehtly-cut plots was almost identical With that on tho
group-selection aren. Here again thore was insufficient opportunity to
ronove poor trees. Tho heavy cuttings (2,300 bo[~d feet net niter cutting)
were fourth in mortnlity. Such losses as were sustained can be attributed
in part to too DUch exposure end to injuries causod b~T logging operations.
The heavier tho cut the nore likely arc the trees to be dooD.ged. In the
intermediate cuttings (4,700 board feot net after C'l1.tting) loss was least
of cll. Here tho cutting 'vas heavy enough to reDove no.ny poor-risk trees
but not so seyere as to cause T.m.ch loss froD eX"Oosure and logging danogo.
The r.1ost striking foot brought out, however, WM that the average nortali ty
on 011 cutting plots wn.s only ono-fourth that in u.~cut tinber.

- 2 -
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Mortality should not be considered apart·fron growth. Thus it is interesting
to conpare net growth with nortality (table 1). The best net grovth occurrod
where nortcli ty "ras the least. This wus so even though those cuttings
(internedinte) hn.d nuch less groWing stock on which to udd increnent than
SODe other cuttings.

Trends in nortnli ty were about the sone whether considered in basn.l area or
as board-foot volUIle. In all cases except ono, over SO percent of the loss
in basal nrea was in trees 10 inches d. b.h. and larger.

The stm1ds in which penlatlent sm;~lo plots arc located consist of ever:90
percent sugar nap1e, about 6 percent yellew birch, and the bolnnce49f nixed
species on the basis of the nunber of trees above 10 inches d.b.h.~ Yellow
birch hns the reputation of being a sensitive tree, and this wus borne out
in the cutting. Birch suffered s~~ewhD.t nore Dortolity proportionuto1y than
did tho sugar nap1e.

Sugm- nnple undo up 98 percent of all Dortali ty 'on light and intornediate
cuttings us conpared to 99 percent on the reserve area, 91 percont on the
group selection cutting, and 75 percent on the heavy cuttings. Yellow birch
conprisod only 2 percent of the TlortoJ.i ty on light and internedil:'.te cuttings,
9 percent on the greup-selection cutting, e~d 20 percent en thehe~vy

cuttings. The bulanco of tho loss occurred in olD nnd balSDI.1 fir. It is
evident that yellow birch suffers nore fron hoov,y cuttings than sugar naple.
On light and~~ternediate cuttings, birch appeared te be as geod a risk as
Daple. Hall21 attributod nortalit,y losses to changes in physical fnctors
of onvirom.1ent~ Results here support this observation for yellow birch but
not for sugnr l1op1e. In the cnso of r.mp1e, the condition of the tree Dppem-s
to bo ;,.mch noro of a factor in its survival otter cutting than any change
in eIIV'irenr.lOnt. An exception is tho extrenely hoar.;' cuttings. Even here
nnny of the naples that died in the tops recovered later. Sugar nup1e is a
tough tree. Fortunately, it is the one having tho greatest vo1une in the
northorn hardwoods of the Lake Statos.

A tally of losses according to whether tho trees died standing, wero broken
off. or were uprooted showed that breakage was the nost CODIlon type of loss
(table 2). In this grouping, bret:'kage, though very ir.1portant, nay be
slig...'1.tly exaggerated because sono trees die on the stur-:p end then brenk: off
later. Thus in cases where the exanination "{as not :JMe soon niter denth
it \ms not ~lwD.Ys possible to p1aco the tree in the right group. Breakago
of living trees usunJ.ly occurred where thore was S0110 najor defect on the
bole or on a large 1inb. Defects such ns butt rot. large SeNJS or frost
crv..cks, ce.nkers, burls, defective scmos. and hidden docny noko troes
susceptiblo to bronkyge. Troes thnt broke off wore genornlly noro defectivo
than troos that diod standing or wore uprooted.

~ Yollow birch and nixed species nake up a considcr~bly Inrgor pro­
portion in tho other study vxen described lator in the report.

21 Holl, Ralph C. Post Logging Docndenco in Northern Hc.rdwoods. Univ.
of Michigan School of Forestry und Consorvation. Bul. No.1, 66 pp., illus ••
1933.
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Table 1.- Annual Dortalitucr l'..crc conpnred to growth on

perna:lent sf.\I1plo plots

Kind of cutting
I Basal nrea I Anrruul Dortnlity
I 1)er acre YI-Gr-o"';'s"';'s~I":'=N-e';"'t;"'1'-::B~[1";;;.s';;'al~a.r-e-aI
, 2·'4-:..;....,.'..;..,1;..;;0;..::"'"""+-' , I gross '

Sq. ft. Bd.ft. Sq.ft.

Annual growth

GrosP: Not:d

Bd.ft.
Resorvo

(Plot 1)
Light

(Plots 2,3,ln
Intornediate

(Plots 9,16,41)
Heavy

(Plots 10,11,33)
Group selection

(Plots 22,23,25)

134

98

~62

~l

92

118 153

43

10

22

46

97

34

g

17

35

.10

70

235

254

217

170

44

186

200

172

130

Y At tine of plot ostablishDent. Tho .percent of gross voluno
rO~'_1oved in the first four of these units was respoctively 0, 28, 55, and 75.

y Mortality has beon deducted but not cuiL
~ Roduced for nortality and also for ostL~atod cull in stand. In

the cuttings cull varied fron 15 to 24 percent and \Ias 37 percent in the
uncut reserve plot.

~ For trees 5 inches and over for plots 41 and 33.

Tuble 2.- Percent of average nnnual DortalitjT in gross voluno

by typo of loss on pornanent sonple plots

Kind of cutting

Reserve

Light

Modernte

Hof';VY

Group selection

Dee.d
Broken Uprooted Totalstanding

Percent

13 76 11 100

21 77 2 100

46 54 0 100

28 32 4{) 100

48 50 2 100
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Approxinatoly 60 percent of the naple and birch nortality occurred when
trees wore broken over. This indicates the underlying cause of death, such

~ as rot, frost cracks. large burls, or other defects, was present before
cutting. Sono 30 percont of tho Imple and birch nortali ty was in trees
that died standing. No attel1pt Wn.s I.lado to assess the couse ef their death.
Uprooting was not a sorious threat to residual troes .as it caused only
10 percent of tho loss. It Was Lmch less of a hazard than sono foresters
believe. The T.1ajor species in tho hardwood stands of the Upper Peninsula 6/
are well rooted and reasonably resistant to windthrow fron ordinary storn~

except on wet or shallow soils. Only in stands of vory light residual
stocking which had bee1l oponed up severely were the windfaJ.l losses
approciable.

Mortality occurred in all dianeter classes. The average tree· dying in the
sawlog class. regardless of species. was slightly over 16 inches d.b.h.
An average of 150 board feet. net, was lost in each tree that died.

Tho ::10rtali ty was conpared for four five-year periods on the vm-ious
cuttings. The losses in the internediate cuttings showed a slight decrease
frn~ period to poriod ~hile those in the heavy cuttings lost noro heavily
at first and thon renained rather constant. In the light cuttings thero
Was a tendency for a build-up i:1 nortality during each five-year period
fOlloWing cutting as these stands filled up and took on nore tho character­
istics of an uncut forost.

SPECIAL MORTALITY STUDY IN CUTTING UNITS .AND RESERVE AREAS

The special Z".1ortali ty study of all cutting units and reserve areas started
out to be a 100-percent annual check of all trees that were lost for any
reason. Before the study began all dead trees were narked SO as not to
confuse then with trees which night die subsequently. A tally of dead
trees was nade each spring just as leaves bee;an to cone out so tho.t living
and dead trees could easily be distinguished while visibility was still
good.

By 1934 the annual cruise of nortali ty hnd becone too large a job to handle
wi th the avnilable help. It wa.s therefore placed on a periodic basis of
5 ye~s niter which it was discontinued. The last field tally was nade
in 1940. Annual records are available for 7 years, together with a periodic
record for 5 years. For purposes of analysis the data were split into two
6-year periods by adding the last annual check to the 5-year periodic tally.
No exact cor.1parison with gro"Tth is possiblo on these aroas although tho
porna.nont snoplo plots (tablo 1) givo growth for sanples on these cutting
units.

Tho analysis disclosed that annual not loss on uncut areas was fron 62 to
100 board feet per acre (table 3). It Was thus three to five tines that
en the avorage cutting unit. Mortality was less the second 6-yenr period

§I They are not resistant, however, to winds cronted by tornadoes.
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Table 3.- Annual nortali ty in board feet per acre by large cutting
units during two six-year periods

Unit

, Area 'Proportion of' Annucl loss per nero
, '. gross saw- , 1929-1934 ' 1935-1940 I 1929-1940
I in It· b 1 I . 'i ' .tudy 10 or va tL"JO lnc. nco lnc.
,s , reoovcd IGross' net IGross' Net IGross l Net

Acres Percont Bd.ft. M.ft. Bd.ft.
t ,

Resorve (checks)

Roserve No. 1

Reservo No. 2

Light cuttings
Unit l~o. 1

Unit No.6

Inter. cuttings,
Unit No.2

I

io

40

19

8

10

o

20-30

50-60

108 68

159 100

56 45

43 33

9 7

~9 56 99 62

(y) (y) OJ) (y)

32 26 44 35

47 36 45 34

2 2 6 5

Unit No. 5

Unit No.9

8

13

16 12 17

(?J) (?J) 9

13 16 12

8 (y) (y)

Heavy cuttings

Unit No.3

Unit No. 8

Special group
selection

Unit No. 7

5

30

32

70-90

40

20 16

))88 3.170

15

14

25

12 17 13

11 ~48 ~38

19 ~28 ~21

y Record dropped for second period bocause of r~d construction in
the area.

~ Not established until second period.
~I Five-year record.
~ Eleven-ye~ record.
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thnn in the first in alnost all cutting units and in the chock aroa. This
nS¥ be attributed eot least in part to gonerally noro favorable procipitn.tion
during the second poriod. On the hen.vy cuttings thero was sone die-back
in tops which did not result in Dortality. After a period of a.djustDont
nany such trees built up new crowns. Tho location of the area undor
observation also was a fo.ctor. Fer e:x:anple, in unit 6, which was nore
exposed to the wind than other areas, tho loss wn.s qui to hea.vy. Sone of
this 10s8 was in balslJIl fir situated along tho odgo of a swaop.

The losses in the various cuttings varied considerably. Probabl;}T the nost
significant observation is that tho cuttings in which an intcrocdiato
stocking was loft, especially Nos. 2 and 9, where eo spocial effort was Dade
to elininate all defective trees, showed the lowest Dortality. On the
latter, howover, seDO fuelwood had boen reuoved beforo the study started
o.nd this I:13¥ have contributod in part to its good shoWing. The highest
nortality in nost cases was in units whero there was loast onphasis on
roDoval of trees of poor risk.

In genern.l the average results on the cutting units agree exceptionally
closely With those obtained on the pernanont saople plots. Since the stlOple
in the special study involved a considerably larger area than the plots,
the results strengthen those given in table 1. The average nortality in
partial cuttings (table 3) has not boon auch over 20 board feet per acre
per yoar which, as shown by saople plot data, has been greatly oxceeded
by the grewth. Due to tho lack of spocific infornation, trees that died
were considered to have tho SaDe percent of cull as the ro~ainder of the
stand. Actun.lly, trees that succunbed probably had nore defect than those
that survived. Consequently, tho net Dortality losses n~ be slightly less
than shown in the text and tables.

DIAGRAMMED PLOTS

In 1938 a plan was put into effoct to place under nanagenent a tract of
5,000 acres consisting of the nnjor portion of tho upper Peninsula Experi­
Dental Forest. A light inprovenent cut was to be applied With the objective
of salvaging trees of poor risk and low e;rowth potential during a la-year
period. The cutting rODoved on tho average sano 1,200 to 1,300 board feet
per aero, not, in tho hardwood and ash-eln t~'Pes and fron 2,000 to 3,000
board foot per aere, net, in tho heDlock-hardwood and pure honlock types.
In SODe cases the cut Deroly salvaged the dead trees.

In order to deternine growth, 1/5-acro di~~annedplots woro laid out in
the cutting units. This progrDD was followed as cutting progrossed during
1940, 1941, and 1942, when it had. to be discontinued for lack of necessary
funds. :By that tino 556 plots had. beon established, 393 of which were in
areas covored by a light inproveDont cutting and 79 in areas never cut
except for tho salvage of doad trees. The latter consti tutod check oroas
for tho cutting un! ts. On theso diagr8D1.1od plots each tree was Dnppod and
individual tree records naintained by spocies and diaI.lOter. In 1948 all

- 7 -
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diagrm.1ncd plots wore reneasured as a part of n recruise of the tract.
Eighty-four of the 556 plots wore not used in this study bocause of re­
cutting or because they were transitional as to tinber typo and could not
be properly classified.

The avdln-bili ty of those diagrar.ned plots presents the first opportuni ty
on the Upper Peninsula Experinental Forest at Dukes, lUchigan, to conpare
!1ortclity in pure northern hnrdwoods with nixtures in which henlock is an
inportant conponent and wi th the wet ash-eL'1 type. Where a lie;ht inprove­
nent cut hffi beon nnde in tho northern hnrd\100d typo 34 board feet per acre
were lost annually, conpared With 120 board fept for tho plots fron which
no ereon ti;.1bcr had been rcnoved (tablo 4). Annual net t;rowth in tho cut
hardwood type averaged bettor tht:"ll 70 board feot per acre after nortali ty
was deducted. It is assuned that nortali ty and net growth wore about in
balance in tho uncut h:u-dwood type.

Mortali ty in the :partially-cut hOJ-:uock type avoraged 166 board feet, net,
per yen:r (table 4). This was e;pproxinately equal to growth on this typo.
The trnnsi tiona! hnrdwood-henlock type and ash-oID occupied internodiate
positions having an cNerago annual net nortality of 72 and 85 board feet
respectively. In both of those types net growth considerably exceedod
nortality.

The loss in the pn:rtially-cut hardwood aroa ne;roed closely with that shown
cry the other studios (tables 1 and 3) \v-hore a sinilar light typo of cutting
provailed and thus supports previous conclusions. Tho light cutting
enployod did not rOClove sufficient trees of poor risk, but it did reduco
the loss very strikingly over the uncut area.. Partially-cut hcnlock, unless
in thrifty stnnds, has generally been recognized as being susceptible to
heavy nortcli ty. Thesc~9vernature stands are no exception. In a special
study of henlock Grahar.J.L! found that e.iter partial cutting, henlocks with
heavy crowns suffered less fron exposure than thoso With soall crowns and
that the decade!lce Wc.s in proportion to tho VJ:lount of exposure. He felt
also that direction of e~osure was significant aa~d that her.1lock and birch
should be protected on the south and wost by nore hardy species.

Morte~ity in trees beloW sawlog size (5-9 inches d.b.h.) constituted about
10 percent of the total loss in basal are~ en both the partially-cut
hard\10od stands end those subjocted to a salvoge cut of dead trees. Tho
loss in snall treos on the particlly cut hardwood-henlock and honlock typos
averneod 13 and 9 percont respectively of the total loss in basal area.
In all types tho loss in trees below sawlog size O.tlountod to an averago of
less then one 7-inch tree por acro annually. Tho loss in pole-size trees
by types generally followed the S~.1e trend as sawlog trees except in the
ash-eln type where nenrly 20 percent of the totcl loss in bnsal aroa was
in trees of this class. This probably is due to the relatively l~ce

nunber of pole-size trees in the ash-eln stands.

11 GrahD:.1, Sa'JUel A. Causes of Henlock Mortality in northern
}IIichi[;nn. University ef ~Iichiean School of Forestry and Conservation.
Bul. No. 10, 61 pp., 1943.
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Tho daM s[1.Wlo{~-size trees were rather unifomly sproad over all dianetor
classes. As a rosult bonrd-foot lossos incroased in the larger dianeters.
Most nortality was representod by standing dead trees except in the ash-
oln type where broken-over trees were nost nunerous. Seventy-one percent
of all nortality in the liGhtly-cut ha.rdwoo<i typo occurred in standing dead
trees, conpn,ring closely with tho 76 percent in the uncut (salv~e only)
ho.rd\....ood stands. However, 26 percont of the nortality on liGhtly-cut
hardwood sto.nds occurred in broken-over trees, conpared to 4 percent in the
uncut arens. This nny be the result of the rcnoval of only part of the poor
risk troes by the liGht partial cutting which a.t the sane tine opened up
the stands sufficiently for wind to break over nany of the renainine
defective trees. These trees generally broke off at a point alone the
trunk, usually near the butt, duo to sone defect. The stcnds treated by a
snlvaee cut also have nany hi~)l-risk trees but they were not subjected to
added wind stresses thrOUt~ partial cutting of live treos.

Only 3 percent ef the nortnli ty en the cut hm-d"lOod stands eccurred in
uprooted trees, conpared to 20 percent on the Uncut (dead-tree salvage)
stands. This can be attributed lareoly to the policy, in the partial.
cutting, of renovine nnny large leaning trees and othors subject to wind­
thro\"l. The non nm-ldne trees for cutting at Dukes have paid :9articular
attention to this fel\ture. In addition, part of the sru.vage-cut sta.nds
were on a relatively wet site subject to heavy windthrow.

In the transition hanlock-hardwood type 63 percent of the nortality
occurred in standinG dead trees, 21 percent was in trees tha.t broke off
and 16 percent occurred through windthrow. In the henleck type proper,
87 percent of the nortality was in standing dead trees, broken-over trees
ncceunted for 10 percent, end uprootinc contributed only 3 percent of the
loss. Hilll10ck is relatively wind-firn, but residual troes often die
sta~dine soon after lOGging. After de[~h naplo sonetines breaks off, but
birch does so only occn-sionally, and heDlock, scarcely at all. In the
ash-eln tyPe 65 percent of all nortali ty occurred in broken-over trees.
This nay be explo.ined by the characteristic tendency for advanced butt rot
to occur in nany species in the ash-oln stands.

The division of losses between sto.ndine dead and broken-over trees in the
upla.nd hC1I'd\....oods was considerably different fron that oncountered in the
two provious studies. No conpletely satisfactory explanation is apparent
but tho latter study was, of cours(, for a ~uch shorter period o.nd the
area Day have been subjected to fewer hiGh winds.

The averace annual rate of nortali ty for all species 1ITaS found to be .42
percent on the cut hardwood type, 1.57 percent on the uncut (sclv~e only)
hardwoed t~~e, 1.04 percent on the cut hnrdwood-henlock type, 2.10 percent
on the pure her.1lock type, and 1.41 percent on the cut n.sh-em type
(table 5). On the cut hnrd,,,ood type suenr !.1rqJle lost sone"lhnt less (.31
percent) than the avernce rate for tho type whilo the percent ef yellow
birch volune lost ~~un.lly (.88 percent) was nore than twice the averaee
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rata for all species. Yellow birch (1.59 porcent) and sugar napl0 (1.58
percent) sufferod nppraxtnately tho snno percent of loss annually on the
uncut hardwood type and heDlock (1.80 percent) was only slightly higher.
On tho cut hardwood-hor.1l.ock type the porcont of suear naplo voluno lost
annunlly (1.07 porcent) Was slightly !:;reater tht:>..n tho averaee for the type,
while yellow birch (.68 percent) and red nap10 (.84 percent) woro sonewhat
less than tho average for the typo. However, henlock nortality (1.51
percent) wa.s one and one-hnlf tines tho average for vJ.1 species in the
hardwood-henlock typo.

Her.uock suffered rather heavy nortali ty in all types, indicating it is a.
high-risk species following partial logging but it wa.s not as vulnerable
in the hardwood-henlock type as has been the exporience in sene ether
parts of tho Lake States. However, in tho partially-cut pure heDlock type,
hcnlock nortoli ty wa.s 2.67 percent annually. The sanple was weak (only
11 plots) but if it is representative then it is apparent that the type of
partial cuttine practiced here in badly overnature honlock stands was not
successful in reducing nortality. There nay, however, bo sone benefits to
rcproductiona

The total loss in board feet in tho hard''1ood area is in very closo 8.t,'Teenent
wi th the other studies (tables 1 and 3) where a simlar light type of
cutting prevailed a!1d thus lends strongth to previous conclusions. The
liGht cutting enployed did not renove sufficient trees of poor risk, but
it did roduce tho loss vory strikingly over the uncut aroa..

smfi.1&iY .t\lID CONCLUSIONS

In the cenversion of defective old-gro\'1th northern hardwoeds to thrifty
ferests thrOUGh partial cutting, it is necessary to reduce nortality to
reasonable linits. Good cluos as to how this n~ be done are provided in
experience recerds on the Upper Peninsula ExperinentaJ. Forest, Dukos,
Michienn.

Three sets of data including 24 neres in pornanent sanple plots datine
back te 1926, l2-yecr records of cutting un! ts aggregating 175 acres and
a 6-year record of [~o~~h and nortality on 472 inventory plots were avail­
able for tho study.

Net nortnli ty in uncut stands wa.s found to be approxinately 100 board feet
per acre per year, alnost as nuch ['..s growth. Over a longer period growth
and nortnli ty would probably balnnco.

In partial cuttings nortality was only 1/5 to 1/3 as erent ns in uncut
stMds and was for oxceeded by growth. Tho very light cuttinGS were not
as successful in reducinc nortality as were those which were sonowhat
heavior whore thore Was noro opportunity to renovo defective trees. Stands
cut to an internediate decree had especially low nortali ty, loss than 10
bonrd feot annually on tho average. This wn.s eren.tly exceeded by crewth.
The very hea~' cuttinGS lost sliGhtly nore than the internediate ones, due
probably to too nuch expesure ef rosidual trees.
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JUthou.eh nost of tho data wero for pure hardwoods. sono infomation was
obtainod for a short period on the henlock nnd ash-oln types, which had
been [;ivon a partial cut. The nortnli ty in honlock was heavy in accordance
wi th gonernl experience in the re£,1.on, and that in ash-elD was considerably
crenter than in well-drained upland hardwoods•

.Anone the various specios, sUGar naple, tho nost inportant conponent,
suffered relatively little loss. Yellow birch upheld its reputation as a
sensitive species and lost nore proporti9nately than sugar naplo. Tho
nortcli ty rato was nuch tho highest in hoDlock.

Losses in hardwoods nppearod to be proportional to tho anount of defoct
10ft in the stnnd. Mortality can be sharply roduced by partial cutting
if proper attention is dirocted to elinination of defective trees. Except
in fnirly thrifty stands whero cull and trees of poor risk can largely be
re;:loved in tho first cut, thore is usualJ:y a need for a snlvoe;e progI'on
whoreby trees that die -- or better yet, thoso.about to die -- can be
utilized prorJptly.
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