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REDUCING MORTALITY IN OLD-GROWTH

NORTHERN HARDWOODS THROUGH PARTIAL CUTTINGéy

By F, H. Eyrc and F. R. Longwoodzl

INTRODUCTION

To convert uncut old-growth stands of northern hardwoods to a thrifty forest
through partial cutting it is nccossary both to provide growing space for
promising trces and to reduce mortality. If the mortality normal in a virgin
stand is not checked through propor cutting, thore may be very 1little net
growth, How then should cutting bo done to stimulate growth and at the samec
timo decrcasc the mortality rate? Recently mortality has beon 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 cxperience records, collected incidental to
general growth studies, provides somc answors to the question.

SOURCES OF INFORMATION

This study was bascd on soveral sources of information., The data which are
most procisc and of longest rccord are from permonent sample plots aggrogat-
ing 24 acres and dating from 1926. They samplo & cutting units, varying in
. sige from 5 to 32 acres, and an uncut arca.

Beccausc therc was some apprchonsion that the losses might not be fairly
reproscnted on smell sample plots, mortelity records were maintoinod on tho
cntire cutting units boginning in 1929, A 100-percent tally was made
anmially, and cach ycar, as new units were cut over, they werc added to the
study. This was continued the first 7 years with one final tally at 12
years, A 40-acrc uncut roserve crea that had been cstablished in 1928 for
studying mortality and & similar 10-acre uncut oreca were also includced,
Altogether the arca involved in this study was 175 acres. This constitutes
the sccond source of data,

l/ Maintained at University Form, St, Paul 1, Minnesota, in coopcration
with the Univorsity of Minncsota.

2/ Approciation is oxtcnded to E. L. Mowat who mointainod the records
during the carly ycors and to J. Re Noectzel who was in charge of the cxperi-
mental area from 1931 to 1941, inclusive.

Z/ Forcstor in chorge, Division of Forcst Management, and Forcster,
Upper Peninsula Forest Rescarch Centor.




A third sourcc is thec 472 pormancnt inventory plots which wore installed
during 1940, 19&1, and 1942 on the cnlargod cxperinental forest as it was
being placcd under manogement, These wero fifth-acrc plots, on which all
trees wero diagrammed on map sheets, The arca involved was 9h acres, About
10 porcont of theso plots were on arcas which had been given a light improve-
ment cut; the majority of tho othors wore on arcas uncut oxcept for salvago
of dcad trces, Theso rocords are available for an average period of a little
over 6 years,

The first two sources of data apply almost exclusively to arcas of northorn
hardwoods in which homlock and beoch are abscent. The third includes somo
henlock and hardwood swamp (esh-clm typo). Only trces devoid of green
foliage wore considored dcad; trcos with even one green branch remaining
were classed as living,

PERMANENT SAMPLE PLOT RECOKDS

Mortolity and growth rccords arc available for a 20-ycar period for most of
the pernanont sarmplo plots, Tho data resulting from the analysis have boen
grouped into soveral categories mostly in accordance with the stocking left
at the timc of cutting (table 1). In these cuttings the timber markers made
an cffort to designate the moro defective troos for rcmoval, although they
marked chiefly the lorger trees. Howevor, marking varicd somowhat from

plot to plot in accordance with speccific objoctives. In the analysis of
data gross mortality in cach cutting was rcduced to net mortality by applying
the estinated average cull porcent for «ll rosidual trees in the stand,

Since the proportion of defect in the treocs that dicd was likely groater

than in the ronainder of the stand the net mort~lity volumcs nmay be soncwhat
inflatod. The groun—solcction cutting is a spocial casoe in which only patches
in the stand were cut rather than the whole arca. In between the patches

few trcos were rcnoved,

The analysis of thc rccords brought out that board-foot mortality was highest
in the uncut rescrve arca vhich had & stand volune of 9,300 board fect nct.
The next highest loss was in the group-sclection cuttings (8,200 board foct
nct residual stand)., This was probobly duc to the failurc to rcmove very
nany trecs of poor risk between the cloar-cut patches,.

The loss in the lightly-cut plots was alnost identical with that on the
group-sclection aren, Here again there was insufficiont opportunity to
ronove poor trces. The heavy cuttings (2,300 board fect net after cutting)
werc fourth in mortality, Such losscs as werc sustained con be attributed
in part to too much cxposurc end to injuries caused by logging opcrations.
The heavier the cut the nmore likely arc the trees to be danageds In the
internediato cuttings (L,700 board feet net after cutting) loss was loast
of 211, Herce tho cutting was hoovy cnough to renove nany poor-risk trees
but not so scverc as to cousc ruch loss from cxposure and logging danmage,
The nost striking foact brought out, however, was that the average nmortality
on all cutting plots was only onc-fourth that in uncut tinber,
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Mortality should not be considered apart fron growth. Thus it is interosting
to comparc net growth with mortality (table 1). The best nct growth occurrod’
where mortelity was tho least, This was so oven though these cuttings
(intcrncdiato) had much less growing stock on which to add increonent than
sonic other cuttings,

[ Trends in nortality were about the same whother considercd in basal arca or
as board-foot volune. In all cascs oxcept one, over 80 percent of the loss
in basal area was in trees 10 inches d.b,h, and larger,

The stands in which pernanent sample plots arc located consist of over:90
percent sugar naplo, about 6 porcont yellow birch, and the sz.l:.mcc)\l f nixed
[ spocics on the basis of the numbor of troes above 10 inches d.b.h, Yellow

birch has the roputation of being a sensitive tree, and this was borno out
in the cutting, Birch sufforcd somowhat norc mortality proportionatoly than
did tho sugar naple,

} Sugar naple nade up 98 percont of all mortality on light and intornediate

; cuttings as comparcd to 99 percont on the rescrve area, 91 percent on tho

{ group scloction cutting, and 75 percent on the heavy cuttings. Yellow birch
| corprisced only 2 percent of the mortality on light and intermedicte cuttings,
9 porcont on the group-scloction cutting, and 20 percent on the heavy
cuttings, Tho balance of the loss occurred in oln nnd balsan fir, It is
evidont that ycllow birch suffors more from hoavy cuttings than sugar naplo.
On light and intcrmediate cuttings, birch appoarcd to be as good a risk as

' naple. Hall</ attributed nortality losses to changes in physical factors

of enviromicnt, Results hero support this obscrvation for yellow birch but
not for sugor nople., In the casc of naple, the condition of the trce appoceors
to be mmch noro of a factor in its survival after cutting than any change

in environnent, An oxcoption is tho cxtrenely heoavy cuttings. Evon here
nony of the naples that died in tho tops rocovercd later., Sugar nmople is a

[ tough tree, Fortunately, it is the one having tho grecatest volume in the

» northorn hordwoods of tho Loko States,

A tally of losscs according to whether tho trees dicd standing, werc broken
off, or were uprootcd showed that breoakage was the nost comron typc of loss
(table 2). 1In this grouping, breckoge, though vory important, nay be
slightly exaggerated because sono trees dic on the sturp ond then dbroak off
later, Thus in cascs wherc the cxomination was not nade soon after death
it wns not always possible to place the trec in the right group. Broakago
of living trocs usually occurrcd whore thorce was sone najor defect on the
bolec or on a large limb, Decfects such as butt rot, large scans or frost
cracks, cankers, burls, dcfective scars, and hidden decay nake trees
susceptibleo to broakege., Trees that broke off werce generally nore defectivo
than troes that died standing or wore uprootod,

E/ Yellow birch and nixed species nake up a considernbly lnrgor pro-
portion in the other study arce described later in the report,

§/ Hall, Ralph C. Post Logging Decadence in Northern Hordwoods. Univ,
of Michigan School of Forestry and Conscrvation, Bul. No., 1, 66 pp., illus.,

1933.
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Table 1,- Anmual nortality per acrc compared to growth on
pernancnt sanplo plots

' T Basal e.reai/' Anmial nortality ! _Anmual growth
' 1 1 THn 1 0
Kind of cutting ' Eg‘fr'a;gi* ' Gross | Mot lBL.sgraisa:ea' GrOng' Not 3/
Sq.ft. Bd, ft. Sq.ft. Bd.ft.
keserve
(Plot 1) 134 118 153 97  1.23 70 L
Light

(Plots 2,3,17) 98 83 43 34 .35 235 186

Intermediatc

(Plots 9,16,41) Hk2 52 10 g .10 25k 200
Heavy
(Plots 10,11,33) 1 =u 22 17 .22 217 172

Group selection

(Plots 22,23,25) 92 83 u6 35 .35 170 130

1/ At tine of plot cstablishnent, The ,percent of gross volunc
rerwoved in the first four of these units was respoctively 0, 28, 55, and 75.
2/ Mortality has been deducted but not cull.

Reduced for nortality and also for estimated cull in stand, 1In
the cuttings cull varicd from 15 to 24 percent and was 37 porcent in the
uncut reserve plot,

4/ For trces 5 inches and over for plots 41 and 33,

Table 2.- Perccnt of average anmal nortality in gross volune

by type of loss on pernanent sample plots

{ t t []
Kind of cutting ' _ 0%
1

standing | Broken : Uprooted : Total
Percent
Rescrve 13 76 11 100
Light 21 17 2 100
Moderate 46 54 0 100
Heavy 28 32 4o 100
Group sclection 4g 50 2 100




Approxinately 60 porcent of the naple and birch nortality occurred when
trecs weroc broken over, This indicatecs the undorlying camse of death, such
as rot, frost cracks, large burls, or other defects, was present before
cutting, Soneo 30 perceont of the naple and birch nortality was in trecs
that died standing, No attopt was nade to asscss the cause of their death,
Uprooting was not a serious threat to residual treos as it caused only

10 percent of tho loss. It was ruch less of a hazard than sone foresters
believe, The najor spociocs in the hardwood stands of the Upper Peninsula 6
are well rooted and reasonably resistant to windthrow fron ordinary storns—/
except on wet or shallow soils, Only in stands of very light residual
stocking which had been oponed up sovercly were the windfall losscs
appreciable, ’

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 fcet, nct, was lost in cach tree that dicd.

The nortality was compared for four five-year poriods on the various
cuttings, Thc losses in the internediate cuttings showed a slight dccrease
fron period to period while those in the heavy cuttings lost nore heavily
at first and then renained rather constant, In the light cuttings thero
was a tcndency for a build-up ia mortality during each five~year period
following cutting as thesc stands filled up and took on riore the character-
istics of an uncut forest,

SPECIAL MORTALITY STUDY IN CUTTING UNITS AND RESERVE AREAS

The special mortality study of all cutting units and reservec arcas started
out to be a 100-percent anmual chock of all treces that were lost for any
rcason, Bofore the study began all doad trees werc ilarked so as not to
confuse then with trecs which night die subscquently. A tally of dead
trees was nade cach spring just as leaves began to cone out so that living
and dead treces could easily bo distinguished while visibility was still
good,

By 193h the anmuial cruise of nmortality hod becoric too large a job to handle
with the available help, It was thereforc placed on a periodic basis of

5 yoors after which it was discontinucd, The last ficld tally was nade

in 1940, Annual rccords are available for 7 ycars, together with a periodic
record for 5 ycars. For purposcs of analysis the data were split into two
6-yecar periods by adding the last anmual check to the 5-ycar pcriodic tally,
No cxact comparison with growth is possible on these arcas although the
pernianent sample plots (table 1) give growth for samples on these cutting
units,

The analysis disclosed that annual nct loss on uncut areas was from 62 to
100 board feet per acre (tablc 3), It was thus three to five tirncs that
on the avorago cutting unit, Mortality was less the second 6-ycar period

6/ They are not resistant, however, to winds croated by tornadoes,
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Table 3.~ Anmual nortality in board feet por acre by large cutting
units during two six-ycar periods

! Ar '"Proportion of! Annual loss per acro
Vnit ' iea ' gross saw- ! 1929-1934F ' 1935-1Q40 ' 1929-19%0
! ¢ % ttimber volunme! inc, ! inc. ! inc,
¢ study renioved  'Gross! Net 'Gross! Net 'Gross! Net
Acres Percent Bd.ft, Bd,ft, Ba,.ft,
Resorvo (checks) ‘
Roserve No, 1 10 0 108 68 89 56 99 62
Resorve No, 2 4o 159 100 (/) (/) (/) (1))
Light cuttings
Unit ¥o, 1 19 20-30 56 4 32 26 44 35
Unit No. 6 8 ‘43 33 47 36 45 3k
Intcr, cutt}ngs
Unit No, 2 10 50-60 9 7 2 2 6 5
Unit No, 5 g 16 12 17 13 16 12
Unit No. 9 13 (/) (2f) 9 g8 (2/) (@)
Heavy cuttings
Unit No, 3 5 70-90 20 16 15 12 17 13
Unit No. 8 30 3fgg 30 v 11 Hhg Yag
Special group
sclection
Unit No, 7 32 4o 1/32 3oy %5 19 Yog Yo

l/ kecord dropped for sccond period bocausc of ropd construction in
the arca,
2/ VNot ostablished until second poriod.
Fivo-yecar record,
4/ Eleven-ycor record,




than in the first in alnost all cutting units and in the chock eroca. This
ney be attributed ot least in part to gonerally nore favorable precipitation
during the sccond poriod, On the heavy cuttings thero was sone dio-back

in tops which did not result in nortality. After a period of adjustnont
nany such trees built up new crowns. Tho location of the areca under
obsorvation also was a factor, For cxanple, in unit 6, which was nore
exposed to the wind than other arcas, tho loss was quite heavy, Sono of
this loss was in balsan fir situated along the edgoe of a swarp.

The losses in the various cuttings varied considerably., Probably the nost
significant obscrvation is that the cuttings in which an internediato
stocking was left, especially Nos. 2 and 9, vwhore a2 spocial effort was nade
to olininate all dofective trees, showed the lowest mortality. On the
latter, however, some fuclwood had been renoved beforc the study started
and this nay have contributod in rart to its good showing, The highest
nortality in nost casos was in units where there was least erphasis on
renoval of trecs of poor risk,

In general the aversge results on the cutting units egrec oxceptionally
closely with thoso obtained on the permaneont sampleo plots, Since tho sample
in the special study involved a considorably larger arca than the plots,
the results strongthen those given in table 1, Tho average nortality in
partial cuttings (table 3) has not boen rmch over 20 board foct per acre
por yoar which, as shown by sample plot data, has becn greatly excecded

by the growth, Due to tho lack of spocific infornation, trees that diod
woro considorod to have the same porcont of cull as the romainder of the
stand, Actually, treos that succunbed probably had nore defect than those
that survived. Consequontly, tho not nortality losses noy be slightly less
than shown in thec toxt and tables,

DIAGRAMMED PLOTS

In 1938 a plan was put into cffoct to place under nanagoment a tract of
5,000 acres consisting of thc najor portion of tho Upper Peninsula Experi-
nental Forest., A light improvenment cut was to be applied with the objoctive
of salvaging trces of poor risk and low growth potential during a 10-ycar
period, The cutting renoved on the average some 1,200 to 1,300 board feet
per acre, net,in the hardwood and ash-oln types and fron 2,000 to 3,000
board foet per acre, not, in the hemlock-hardwood and purc henlock types,

In sone cases the cut nercly salvaged the dead trces,

In order to detcrmine growth, 1/5-acro diagranned plots wero laid out in
the cutting units, This progran was followed as cutting progressed during
1940, 1941, and 1942, when it had to be discontimued for lack of necessary
funds, By that tine 556 plots had beon cstablishod, 393 of which were in
areas coverod by a light improvemont cutting and 79 in arcas never cut
except for the salvage of doad trees. The latter constituted check arcas
for tho cutting units. On these diagramned plots cach trec was n ped and
individual tree records maintained by spocies and diancter, In 1948 all
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diagranned plots wore remcasurcd as o part of a recruisc of the tract,
Eighty-four of the 556 plots wore not used in this study bocausc of re-
cutting or because they were transitional as to tinber typo and could not
be properly classified,

The avoilability of these diagrarmed plots prescnts the first opportunity
on the Upper Peninsula Exporinental Forcst at Dukes, Michigan, to compare
nortality in purc northern hardwoods with nixtures in which henlock is an
inportant componcnt and with tho wet ash~eln type. Wherc a light inprove-
nent cut hod been nade in the northern hardwood type 34 board foot per acre
wore lost annually, compared with 120 board fect for the plots fron vhich
no green tizber had been removed (table 4). Anmual not growth in tho cut
hardwood type averaged better then 10 board feet por acre after nortality
was deducted, It is assuned that nortality and net growth werc about in
balance in the uncut hardwood type.

Mortality in the partially-cut homlock type averaged 166 board feet, net,
per year (table Mﬁ. This was epproxinately cqual to growth on this type.
The transitional hardwood-henlock type and ash-oln occupicd internodiate
positions having an cverage annmual net nortality of 72 and 85 board fect
respoctivoly, In both of those types not growth considerably excecded
nortality.

The loss in the partially-cut hardwood aroas ngroed closcly with that shown
by the other studies (tables 1 and 3) where a sinilar light type of cutting
prevailed and thus supports previous conclusions. Tho light cutting
erployed did not renove sufficiont trees of poor risk, but it did reduce
the loss very strikingly over the uncut area, Partinlly-cut henlock, unless
in thrifty stands, has generally been recognized as being susceptible to
heavy nortality, Thesil7vernature stands are no cxcoption. In a special
study of hemlock Grahar found that after partial cutting, henlocks with
heavy crowns suffered less fron exposurc than thosc with snall crowns and
that the decadence wos in proportion to the enount of exposure, He felt
also that direction of exvosurc was significant and that henlock and birch
should be protected on the south and wost by nore hardy spccies,

Mortality in trces below sawlog size (5-9 inches d.b.h,) constituted about
10 percent of the total loss in basal arca on both the partially-cut
hardwood stands end thosc subjocted to a salvage cut of dead trees, Tho
loss in small trcos on the partislly cut hardwood-hemlock and homlock typos
averaged 13 and 9 percont rospectivoly of the totel loss in basal area,

In all types the loss in trecs below sawlog sizc anounted to an averago of
less then one 7-inch tree per acre annually, The loss in pole-sizc trecs
by types generally followed the same trond as sawlog trces excopt in tho
ash~eln type where nearly 20 percent of the total loss in basal aroa was
in trecs of this class. This probably is duc to the rclatively lorge
nunber of pole-size trees in the ash-oln stands,

7/ Grahaa, Samel A, Causes of Henlock Mortality inm morthorn
Michigan. University of Michigen School of Forestry and Conscrvation,
Bul. No, 10, 61 pp., 1943,
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The dead sawlog-size trees were rather unifornly sproad over all dianctor
classcs. As a rosult board-foot losscs incroascd in the larger diancters.
Most nmortality was represented by standing dead trecs except in the ash~
eln type where broken-over trecs werc nost nunerous., Soventy-one percent
of all nortality in the lightly-cut hardwood typo occurrcd in standing doad
troes, comparing closcly with the 76 percent in the uncut (salvace only)
hardwood stands. However, 26 porcont of the mortality on lightly-cut
hardwood stands occurrcd in brokemovor troes, compared to 4 percent in the
uncut areas. This nay be the rosult of the renoval of only part of the poor
risk trocs by the light partial cutting which at the sarc tine oponed up
the stands sufficiently for wind to broak over nany of the remaining
defoctive trces., These trecs generally broke off at a point along the
trunk, usually ncar the butt, due to some defect, The stonds treated by a
salvago cut also have nany high-risk trecs but they wore not subjected to
added wind stressos throuch partial cutting of live troos.

Only 3 porcent of the nortality on the cut hardwood stands occurrcd in
uprooted trees, compared to 20 percent on the wncut (decad-tree salvago)
stands, This can be attributed largely to the policy, in the partial
cutting, of romoving nany large leaning trecs and othors subjoct to wind-
throw, The nen narking trees for cutting at Dulzos have peaid varticular
attention to this feature, 1In addition, part of the salvagc-cut stands
werc on a rclatively wet sitc subject to hoavy windthrow.

In the transition honmlock-hardwood typo 63 percent of the nmortality
occurred in standing dead troes, 21 percent was in troes that broke off
and 16 percent occurred through windthrow, In the henlock type proper,
87 percent of the nortality was in standing dead trecs, broken-over trecs
accounted for 10 percent, ond uprooting contributed only 3 percent of the
loss, Henlock is relatively wind~firn, but residual trcos often die
standing soon after logging, After death naple sonetines breaks off, but
birch does so only occasionally, and hemlock, scarcely at all. In the
ash-eln type 65 percent of all nortality occurred in broken-over trees.
This nay be explained by the characteristic tendency for advanced butt rot
to occur in nany specics in the ash-oln stands,

The division of losses between standing dead and broken-over trces in the
upland hardwoods was considorably differcnt fron that oncountered in the
two previous studics, No corpletely satisfoctory oxplanation is apparent
but tho latter study was, of cours¢, for a much shorter period and tho
arca nay have been subjected to fewer high winds,

The avorage anmual rate of nortality for all spccics was found to be 42
percent on the cut hardwood type, 1.57 percent on the uncut (salvege only)
hardwood typc, 1,04 porcent on the ecut hardwood-hermlock type, 2,16 percent
on the purc henlock type, and 1,41 percont on the cut ash-eln type

(tablo 5). On the cut hardwood type suger naple lost sonewhot less (31
percent) than the average rate for tho type while tho percent of yellow
birch volune lost ammally (.88 percent) was more than twice the avorage
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rato for all spocies. Yollow birch (1,59 porcont) and sugar naplo (1.58
percent) suffercd approxinately tho sane percent of loss anmually on the
uncut hardwood type and hemlock (1.80 percent) was only slightly higher,
On tho cut hardwood-henlock type the porcont of sugar naplo volune lost
annually (1.07 porcent) was slightly goreater theon the average for the type,
whilo yollow birch (.68 percont) and red naplo (.84 porcent) woro sonewhat
less than tho average for the typo. However, honlock nortality (1.51

percent) was ono and ono-half tines tho avorage for all specics in the
hardwood~henlock type,

Henlock suffered rather heavy nortality in all types, indicating it is a
high-risk specics following partial logzing but it was not as vulnerable
in the hardwood~henlock type as has been tho exporience in sono other
parts of tho Lake States. Howevor, in the partially-cut pure henlock type,
herlock nortality was 2,67 percent annually, The sample was weak (only

11 plots) but if it is roprosentative thon it 1s apparent that the type of
partial cutting practiced here in badly overnaturc henlock stands was not
successful in roducing nortelity., Thore nay, however, bo sone benefits to
reproduction,

The total loss in board fect in tho hardwood arca is in very closo agrconent
with the other studios (tables 1 and 3) whorc a sinilar light type of
cutting prevailod and thus londs strongth to previous conclusions, The
lisht cutting omploycd did not rerove sufficient trees of poor risk, but

it did reduco the loss very strikingly over tho uncut arca,

SUMMARY AND CONCLUSIONS

In tho conversion of defoctive old-growth northern hardwoods to thrifty
forests through partial cutting, it is nccessary to reduce nortality to
reasonablo linits, Good cluos as to how this nay be donc aro provided in
cxpericnce rccords on the Upper Peninsula Experinental Forest, Dukos,
Michigan,

Threo sots of data including 24 acrcs in pernancnt sanple plots dating
back to 1926, 1l2-year records of cutting units oggrogating 175 acres and
a b-ycar record of growth and nortality on 472 inventory plots wecre avail-
able for tho study,

Net nortality in uncut stands was found to be approxinately 100 board fcet
per acrc per year, alnost as nuch as growth, Over a longer period growth
and nortality would probably balanco.

In partial cuttings nortality was only 1/5 to 1/3 as grcat as in uncut
stands and was far oxcccded by growth, The very light cuttings were not
as successful in reducing mortality as werc thosc which werc sonewhat
heavier whore thore was nore opportunity to remove defective trees, Stands
cut to an internediate dogrec had especially low niortality, less than 10
board feet annually on the average. This wns greatly excecded by growth,
The very heavy cuttings lost slightly nore than the intcrncdiate oncs, duo
probably to too rmch exposuro of rcsidual troos.
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Althoush nost of tho data were for purc hardwoods, sornec information was
obtainod for a short period on the henlock and ash-cln types, which had
been given a partial cut. The nortality in hemlock was heavy in accordanco
with genoral oxperience in the roglon, and that in ash-oln was considerably
greater than in well-drainod upland hardwoods,

Anong tho various specios, sugar naple, tho nost inmportant corponent,
suffored relativoly little loss. Yellow birch upheld its reputation as a
sensitive species and lost nore proportionately than sugar nmaple. Tho
nortolity rato was ruch tho highest in honlock,

Losses in hardwoods appcared to be proportional to the amount of defoct
left in the stend, Mortality can be sharply roduced by partial cutting
if proper attention is dirocted to clinination of dcfective treos. Except
in fairly thrifty stands where cull and trces of poor risk can largoly bo
renoved in tho first cut, thore is usually a nced for a salvage progran
whoreby troes that die -~ or better yet, those.about to die -- can be
utilized promptly,
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