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SIZE-CLASS DISTRIBUTION IN OLD-GROWTH NORTHEEN HARIWOODS

TWENTY YEARS AFTER CUTTING

By F. H. Eyre and W, M. Zillgitt

How should old~growth northern hardwoods be managed so as to create stands
adapted to contimuous yield under the selection system? Since these forests
as they occur in the Lake States present an all-aged appearance, it has long
been assumed that the single-~tree selection could be used in their management.
All tree sizes up to 30 inches d.b.h. and larger, and at least several age
groups, are normally represented. However, there usually is a considerable
excess of larger trees, and plenty of small seedlings and saplings, but often
a scarcity of trees in the middle size classes, especially in the heavier
merchantable stands, Moreover, there has been no knowledge as to how fast
the small trees would grow, once the overstory was opened up, and whether
‘the all~aged character could be maintained and improved,

When selective cutting of northern hardwoods was first initiated on a
practical scale, some 20 to 25 years ago, skeptical foresters spoke somewhat
as follows: "Yes, we can sec vwhere the sccond cut is coming from, but where
will you get the third cut?® This question still romains in the minds of
some forcsters,

Twonty-year rccords, now available for a numbor of cuttingsgl on the Upper
Pcninsula Expcerimental Forest, Dukes, Michigan, provide a fairly good answer
to this question., In particular they show changes in distribution of diamcter
classcs, basal areca, and board-foot volume, which should be uscful in evalu-
ating tho possibilities of the selection system or variations of it in long-
timo management,

}/ Maintained at University Ferm, St, Paul, lMinncsota, in coopcration
with the University of Minnesota,

2/ Acknowlcdgment is made to Kaphacl Zon, who planned most of the
experiments; to Ae E. Wackerman, E. L, Mowat, and J. R. Neetzel, who did the
marking and maintained the rccords during the carly years.,
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The stand where the experimental cuttings wero carried out is the maple-birch
voriant2/ of tho general forost typc, commonly called northcrn hardwoods.
Sugar meplc makes up some 80 percent of the stand by volume and yellow birch
about 15 percent. The romaindor includes Amcrican clm, balsam fir, whito
sprucc, and ocastcrn hophornboam (ironwood)., Homlock and boech are absent,

The site is good for northorn Michigan but not up to that found in perts of
Wisconsin and southorn Michigan, An avorage dominant trec has about 2l
16-foot logs. Deofect was high in this stand beforc cutting, with cull running
from 25 to noarly 40 porcent of gross volumc., Net volymes before cutting
ranged from 8,5 to 10,5 thousand board feet per acre..?m Trees up to 300 yeers
and older werc prescnt in the stand,

DESCRIPTION AWD TREATMENT OF STUDY AREAS

Permanent sample-plot records for scven cuttingi/ units and a reserve arca
arc ovailable for this study, five extending for 20 yeers, onc for 17, and
onc for 15 yeors.

Bricf descriptions of tho various plotsé/ follow:

1., Reserve Arca.- No cutting, Samplc plots of 2 acrcs cstablished in
1927 in a 9-acre unit, Total basal arca in 1927 of ljh squarc fect
por acre (9,290 boord foct net), Stand fairly typical of the other
units before cutting commenced.,

2, 22-Inch Dismeter Limit Cutting.~ A light cutting in which 29 percent
of gross board~foot volumec was romoved in 1926, Most trees, but not
all, over 22 inches d.b.h, were cut; also a little improvement cutting
of smaller trces, Four acres of sample plots cstablished in 1927 in a
19-ocre cutting unit, Total basal arca after cutting, 100 square fect
per acrc (7,360 board fect net),

3¢ Light Improvement Cutting.- A very light cutting with only 24 percent
of gross board-foot volumc being removed in 1928, Morc cmphasis on
improving rcsiduzl stnand thon in No, 2., Onec-acro samplc plot in an
8~ocre cutting unit., Total basal arca after cutting, 92 square fect
per acre (7,890 board fect nect), :

This is the sugar meple-beech-ycllow birch type of the Socicty of

Amcrican Foresters (Forest Cover Types of the Eastern U. S., 3rd Edition,
revised 1940) but is at the cxtrome westorn cdge of the beech range.

E/ Scribner rulc used for all computations in this paper.

2/ Cerried out under cooperative agrecement with Cleveland-Cliffs Iron
Corpany,

6/ The names of the verious cuttings arc not in zll coscs as
descripntive as desirable but have been retoined as originally assigned in
order to provide comporison with other reports denling with the same plots.
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4, Hoavy Improvcment,- Moderate cutting with 46 percent of gross board-
foot volumo being romoved in 1928, Two-acre samplc plot cstablishod
in an 8-acrc cutting unit, Total basal arca after cutting, 68 square
fect per acre (5,490 board foct nct),

5. Overmoturc and Defoctive Cutting No, 2.- A moderately hoovy cutting in
which 59 percent of gross board-foot volume was removed in 1932-33.
Emphasis was on romoval of defoctive trces, which left none larger than
22 inchos d.b,h, One-zcre samplc plot in a 13-acrc cutting unit, Totel
bosal oron after cutting, 61 squarc feot per acre (5,500 boord foet not).

6., Overmaturc and Defective Cutting No, l.~ A modorately heavy cutting in
which 62 percont of gross volumc was removed in 1927-28, Two—ocro searple
plot in a l0-acre cutting unit., Total basal arca after cutting, 55
squarc feet per acre (3,540 board foot net), ‘

7. 12-Inch Diamoter Linit Cutting.~ This was a very heavy cutting --
csscnticlly o commercial clear cutting for sawlogs with the removal
of over 90 percent of the gross sawlog volumc, Two acres of samplc
plots in a 5-acre cutting unit, Total basal arca leoft, 26 squarc foet
por acro (410 board fect net).

g, Clcar Cutting.- Evorything cut down to 5 inches d.b,h. Total basal
arce. loft, U squaro feot per acre, Two acres of srmple plots in a
F=acre cutting unit.

The goneral objective in units 2 to 6 was to dovise a nothod of partial
cutting that could bec used in prolonging the utilization of old-growth hard-—
woods ond gradunlly converting thonm into growing forosts. The purposc was
thus largely economic, It was hoped that the shock of rapid liquidation on
communitics dependent on the manufacturc of hardwoods would be lessencd if
a practiczl nethod of sclcetion cutting could bo dcveloped and gencrally
adoptod, Then there would be a shortor gap between the depletion of old-
growth tinber and the time when socond growth could reach nerchantable size,

Although there wero no applicable tree classification schones (aside fronm
the dominonce clnassification) cwvaileble at the tinme the tests were initiated,
the trco norkors made definite offort to lcave trocs of good thrift and low
risk. Neoturally, in the heavier sclection cuttings the narkers could go
furthor in rcmoving trocs of poor risk, high cull, and low vigor than in the
very light cuttings.

Units 7 and 8 worc cstablished prinarily ta provide controst with the various
sclection cuttings., No attenpt was node in cithor of these oporations to
scloct good trocs for rctention in the futurc stand., Instead thesc cuttings
werc on o straight dienmctor-linit basis. Although they wero not designed

as o test of ovon-oged nanagenent, cuttings 7 and 8 provido sonc indication
of how oven~eged conditions noy be croated, This is certainly true of the
Clcor Cutting (Unit &), and to a lesser oxtent of the 12-Inch Diznoter Linit
Cutting (Unit 7).
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The reserve aren and units 3 and 4 above are on Chothonm loan, All other
plots are on soil classed as Trenary sandy loan to loam, Thesc soils scen
to bo equally good for tinmber production,

The bascl area figures given for the various plots are for the stand left
after cutting and include all trecs for the totel stand 2 inches d.b.h. and
up, Before cutting the ronge in total basal arca was from 119 to 143 square
feet per acre (table 1), Therc was reasonable comparcbility between plots
before cutting, After cutting basal arcas ronged fron 4 to 134 squarc fcet
(table 2), Detailed infornation on stand and stocking irmediately after
cutting and 20 years later is given in table 2,

CHANGES IN NUMBER OF TREES, BASAL AREA, AND VOLUME

In the analysis of stand changes since cutting, particular attention has
been given to size-class distribution., ZEmphasis in this paper has becn given
to that point rather than to board-foot increment or to age classes, because
future productivity is largely governed by the proportion of different size
classcs, Age is a ruch less important consideration in an uncven-aged forest
thon in an oven—-aged forest conteining short-lived specios. Diameter does,
of coursc, roughly reflect age, ond the very large and old trecs nay be nore
defective than smaller oncs. Cull, however, is spread throughout the stand.
Sound thrifty troes in oxccss of 28 inches are occasionally present. Since
sugar neplo and yellow birch attein ages in oxcess of 200 years without
nccessarily beconing defective, the question of age can be onitted fran the
anelysis, It is the size-class distribution of sound trees that really
natters in nanecgenent of stands of the type descrided here, and a2ge is not

a lind{ing factor.

Stand structure as reflected by munmber of trees immcdiately ofter cutting,

and 20 years hence, has variod a great deal according to treatnent (figure 1),
The Rescrve Aren has changed very little. The light partial cuttings, such

as the 22-Inch Diamcter Linit and the Light Improvement, have salned in
saplinzs, lost in tho 10~ to ll—-inch group, and gained in the larger trees.

The overnature and defective cuttings which left a smaller grovwing stock

have gained considerably in mamber of trces under 9 inches d,beshe 2nd generally
also in larger trecs.

Overncturc and Defective Cutting No, 1 (Unit 6) gained in all dianmeter
classes, The extrericly hcavy cuttings, such as the 12-Inch Dianeter Linit
and the Clecer Cutting have nede tremendous goins in snall trees, but con-
siderably norc tinc will be required to get a good represcntation anong
larger slues,

T



cble 1.~ Bascl cren per acre beforc cutting on the verious plots
for trces 1,6 inches d,b,h. ond up

Basal area before cutting

(by D.B.H. groupS)
1

Unit Under 6t
9.6 ' 9. ! Total
inches ! inches !
Squarc feet
1. BCSCTVC o 4 o o o o o 16 118 134
2, 22-inch dioneter
Tindt o 0 0 v o o o 16 116 132
. Light improvenent . , 17 107 124
4, Heavy irprovenent . . ! 105 119
5. Overnaturc and
defoctive No. 2 o & 1/ 9 127 1/ 136
6. Overnaturc and
defective No. 1 o o 23 104 127
7. 1l2-inch dioneter
1indt o o o 0 o o o 17 118 135
8, Clear cutting « « « o 13 130 143

}/ Docs not include

trees under 5 inches d.b.h,



Table 2.~ Stand and stock table per acre innediatoly after cutting and 20
years lator

RESERVE
DB T —— TBoard foot | Naobor ! L Borrd Toot
uriocer oar [a1o] uibdber oar (s]e)

ErOUWD  yor troos'Basal aro.a, (net) of trcos'Basal 8I00, (net)

Inchos Sc.ft, 5q.ft.

2- 4 164.0 6.55 - 157.5 6.97 -

5 - 31+5 9.32 - 0.0 11,09 -
10 - 1 24,5 19,52 1,153 19.0 15.27 909
15 - 1 31.5 4g.13 3 T8 29.5 4g.02 3,900
20 - 2 11.5 28,60 2,h73 15.5 34,71 2,952
25 - 29 6.0 22.04 1,87 5.5 27.72 2,390

Total 275.0 134,16 9,290  267.0 143,78 10,1

22-INCH DIAMETER LIMIT CUTTING 1/
1926 1943

2- L 133.0 5.2 - 196,2 8,08 -

5 = 4,8 10.38 - \ 61.5 1h.29 -u
10 -1 271.2 21.92 1,51 23.5 18.63 1,347
15 -1 23.8 36.82 3,306 26,8 41.66 4, 018
20 - 2 8.0 20.46 1,278 14,8 37.24 3,784
25 - 29 1.2 L4 62 3.5 12.95 1,330

Total 238,0 99. 7k 7,360 326.3 133.15 10,479

LIGHT IMPROVEMENT CUTTING

1928 | 1948

2~ U 146,0 6.18 - 240.0 9,48 -

5 - 27.0 559 - 60,0 13,37 -
10 - 1 16.0 14,00 1,075 14,0 11,19 827
15 -~ 1 22.0 35.89 3,590 18.0 29.91 3,061
20 - 2 12,0 30.76 3,225 20.0 52,43 5,601
25 - 29 - - - 6.0 21.63 2,321

Total 223,0 92,42 7,890 358.0  138.01 11,810

HEAVY IMPROVEMENT CUTTING
1928 1948

2 - L 79.0 3,08 - 305.0 12,35 -

5- 9 29.5 7.09 - 45,0 10.68 -
10 - 14 20.0 16.37 1,297 18.5 20.93 1,018
15 ~ 1 17.5 27.b42 2,717 20.5 25.32 3,252
20 - 2 5.0 11.96 1,260 14,0 34,y 3,678
25 ~ 29 .5 2.03 216 2.0 7.15 767

30+ - - - 5 2.57 275

Total 151.5 68.55 5,490 Los.5 113,44 €,990

1/ 17-year record on this areca.
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Toble 2.~ Stand ond stock table per acre imediately after cutting and 20
yeoars later (Continucd)

OVERMATURE AND DEFECTIVE CUTTING NO, 2

D,B.H, : ¥orbor | 152 TBoord foot| Nurbor | LM g_{ Board fect
T10CY oor CC aper oary CcC

ErOUWp  y troos'Bafal arehy  (not) of troogtBasal croa, (net)

Inches ' Sq.ft. Sq.ft.

2- & (3/) (3/) - 365.0 13.2 -

5 - 28,0 .05 - 75.0 15455 p
10 - 1 26,0 19.86 1,558 21.0 18,31 1,500
15 = 1 14,0 21,38 2,310 20,0 32.12 ,625
20 - 2 6,0 14,15 1,632 13.0 34.39 ,095

Totol 74,0 61,44 5,500 | 49k.0 113,62 9,280

OVERMATURE AND DEFECTIVE CUTTING NO. 1
1927 1947

2- 4 125,0 5,06 - 282.5 9.40 -

5- 9 27.5 7.10 - 87.5 21,86 -
10 - 1h 22,0 16,31 1,053 28,0 21,72 1,646
15 - 1 12,5 18.48 1,686 18.5 29.47 2,958
20 - 2 3.5 8.1k go1 9.5 24,05 2,538
25 - 29 - - - 1.0 3456 378

Totol 190.5 55.09 3,540 | 427.0 110,06 7,520

12-INCH DIAMETER LIMIT CUTTING
1927 | 1947

2- 4 64,0 2.50 - 852,0 29.15 -

5 - 32,0 7.60 - 82.5 19.37 -
10 - 1 19.5 15,56 o 29,0 21,72 950
15 - 19 - - - 16.0 23,40 2,098

Total 115.5 25.66 b0 ! 979.5 93,64 3,048

CLEAR CUTTING
1927 1947

2- L4 20.5 .95 - 1,224,0 48,65 -

5 - 12,0 2,61 - 78,0 14,3 -
10 - 1 - - - 10,0 6.9 334
15 = 19 - - - 5 .61 55

Total 32,5 5,56 - h,3125  70.53 389

2/ 15-yenr rccord on this nroa.
3/ VNo treces under 5 inches d,b.h, tallied in this neasurcnent.
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Tho changos in stand structurc can perhaps be better apprecizted by studying
bascl arca chonges (figure 2 and table 3), The light cuttings have not
stirmloted much growth in the niddle dianmcter classes, although the larger
troes have contimucd to nove into still larger ones. The cxtrene incrcose
in snall trees resulting fron the heavy cuttings is striking, but the larger
trecs arc poorly rcpreosonted and will be for a long tine, Growth will, no
doubt, be comparatively rapid for somotime to cone in the heavy cuttings as
ingrowth becones morc pronounced, but there arc no large treoes and thus this
type of cutting is not well suitcd to sustained production under uneven-aged
nanogerient,  Instead the very heovy cuttings gencrate a type of stand nore
cven than uneven-aged, Overnaturc and Defcctive Cutting No, 1 (Unit 6)
shows appreciable basal area incroment in all size classes. Tho Overnoture
and Defective No. 2 cutting (Unit 5) hes a sinilar pattera in this respect,
cxcept for the 10- to lli~inch group. However, the exceptional increnent in
the noxt smaller group should iron out this discrepancy ot an early date.
The two Overnature and Defective Cuttings, token together, hove devoloped

o distribution of sizc classes that appoars likely to coatimuec to produce
nerchantoble tinmber without ony scerious lapses. This point will be amplificd
further on in the paper.

Stand changes nay olso be appraised in terms of boord feet (fisure 3)., It

is ovidont that the light cuttings (the 22-inch Dianetor Limit and both the
Light and Heavy Improvenent Cuttings), although they have nade good growth

in the larger dianctors have lost in the 10- to lli~inch groups -- the critical
point in stand structure in northorn hordwoods in this locality. There is
likclihood, however, of sonme futurc improvenmcnt in this respect because of
growth in the 5- to 9-inch group (figure 2) but not as rmch improvenent as

in the two Ovornaturc and Defective Cuttings.

The Overnaturc and Defective Cuttings have nade cxcellent boord-foot

increnent -- No. 2 (Unit 5) the best of any cutting, No. 1, (Unit 6) howcver,
scons to have o better distribution of this growth, Thesc stands are still
growing ropidly and have not yot recached a point where another cut is necded
to stimlate growth, The Clear Cutting is Jjust begianing to show board-foot
incrcenient, but the 12-inch Dianeter Linit is now doing well., It will, no
doubt, continue to do so for sonec tine to cone, However, too great o pro-
vortion of the stand is in snoll dioneters to ropresent much quality increnent,

WHAT IS DESIRABLE GROWING STOCK?

The question of how rmuch growing stock to hold ond how it should be distri-
buted cnong size classes is an important one for the nancger of a tract of
northern hardwoods, The tern "desirable growing stock™ as horc used nay be
defined os that stocking which will result in satisfoctory increnent of
high-gunlity natcrial for o given cutting cycle oand o size-class distribution
that will insurc continuous yield, In an cariier papcrl/ it was shown thot

1/ 2illgitt, W, M. 1948, Stocking in northern hardwoods under the
sclcctive systern, Proccedings, Socicty of American Foresters! nccting, 1947,
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Teble 3.- Growth ~nd losses in basal area per acrc by d.b.h. groups during 20-ycer period following
cutting, based on stand preosent irmediately after cutting

L.3.H., grouw T

1
! 2 to 9 ' 10tollk ' 15 to 19 T 20 inchos ! . Total
Unit ! inches ! inches ! inches ! and up 17 . 7 N
' TAveroagc! tAveragc!? TAverage ! Tivorago! or , Avcrage
1 Total ' anmal ! Total ! anmual ! Total ! annund ! Total ——— period |, ocnnual
. Squarc fect
HESCIVC OTCO & o o o & 2.19 A1 =425 -.21  -0.11 -.01  11.79 .59 9.62 RIE

22-inch diancter

init 1/ o o 0 . . e 6.87 Lo -3.29 -.19 4,84 .28 24,99 1.47  33.11 1.96
Lisat improvenent . o 11.08 .55 -2.,81 -.1h -5,98 -.30 43,30 2,17 Uus5,59 2.28
Heavy irprovenent . . 12.86 . Ol 3.96 .20 -2.10 -.11 30,17 1.51 L4, g9 2.24

Overnature and
dofoctive No. 2 2[ . 3/22.75  1.52 ~-1.55 -.10 10.7% .72 20.24  1.35 52.18 3.48

Overnature and

defeetive Noo 1 . . 19,10 .96 5.41 .27 10.99 .55 19.h7 .97 54.97 2.75

l12-inch dinncter
it .o 00 . . . . . 38,42 1.92 6.16 .31 23,40 1.17 - - 67.98 3.40

Clear cutting . . . » 59.42 - 2.97  6.94 35 0,61 .03 - - 66.97 3.35

1/ 17-ycar rocord on this aron.
2/ 15-yoor rocord on this nroa.
3/ No trces under 5 inches d.b.h. tnllicd after cutting.
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an old-growth stand cut back to 64 sguare feet of basal area for trees 10
inches d.,b,h., and up resulted in greater lH-ycar increment than stands with
heavier or lighter stocking, A slightly higher basal area stocking would
probably be advantageous for cutting cycles less than 15 years,

But what should the distribution of diameter classes be? If the growing

stock could be so arranged among the various sized trees that the periodic

cut could be taken altogether from fairly large trees — say, those over 22
inches d.,b.h, and all of good quality -- that certainly would be a desirable
distribution., Thus only trces of high quality would be produced. Unfortunately
managoment is not that simple,

One difficulty is that all trecos in the stand aro not good treces., Keep in
mind that old-growth northern hardwoods contain from 25 to 40 percent dcfect
duc to rot and other causes, Kot docs not wait until a trce is 22 inches
d,b.h,, but may start even in small trocs 8 to 10 inches d.b,h,, and it
increases with age,

In order to kecp a sclcction forest in a growing and healthy condition, it

is neccessary to dip down into the smallor d.b.h, classcs cvery time a cut

is madc and takc out inferior trces or those of high risk, If there is a
markct only for sawlogs such improvement cuttings may not go lower than trees
of 12 to 14 inches d.,b.h, If tic cuts and minc timbers can be sold, trces

as small as 10 or 11 inches d,b.h. can be rcmoved, and if a market ecxists for
chemical woéod or fuclwood, trces down to 5 or 6 inches d.bsh. can be taken
out with 1littlec or no cxpense, All this means that there must be some
silviculturc applicd with management and the better the market the more
intensive this may be,

But no matter how small the trees that come out in an improvement cutting,

it is still the large trees of good form and quality that orovide the profit.
To makc surc that the stand produccs them therc must be a sufficient number
of wecll-formed trces of small and medium sizc always present and ready to
grovw into larger diamoters,

How many trccs should there be in the various diamcter classcs to achieve
this objective? The cvidonce in casc historics of stand devclopment pre-
sonted on previous pages provide some clucs, The 22-Inch Diamcter Limit

and the Light Imorovement Cuttings (Units 2 and 3) do not give thc answer
becansce the lecaving of such a hcavy stocking in large treces did not permit
develonment of a suitablc number of middle diamcter classcs nceded for
continued production, However, board-foot incrcment has been good so far

cnd thus has all been on large trecs, The Heavy Improvement Cutting which
lcft a lighter growing stock gave somcwhat better distribution. The 12-Inch
Diameter Limit end the Clear Cutting (Units 7 ond 8) for which the rcsidual
stand was very light will »robably devcloo into cven—-aged stands or some-
thing approaching them, Thoesc two cuttings look os though they would in time
make good stands, As thoy grow into polcs they moy be more densc than stands
developed under uncven-aged conditions, so should producc cloon timber, But
therc nay be more nced for thinning os o special opcration to maintain good
growth thon in the sclection stonds where morce stocking is held in larger
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diancters, At present thero is littlo or no solo genorally in the Lake
States for snall thinning noterial fron hardwoods, but narkets nay develop
in the futurc, The stonds grown under Cloar Cutting (Unit 8) or a hoavy
partial cutting such as 12-Inch Diancter Linit (Unit 7), show no indication
as yot of devcloping a distribution of sizo classes nceded for ropeated
sclective cuts. Instcad tho distribution, as night be expected, is loss
desirable for uneven-aged nanageriont than is the old-growth forost.&

The Overnaturc and Defective Cuttings (Units 5 and 6) which distributed the
cut anong all sizes and reduced the growing stock to about 60 square feet
of basal arca not only have not upsct the fairly good stand structure pro-
viced by nature, but they decidedly improved it by bringing in classes not
wcll represcnted in old growth, (It should bo cmphasized that it is not

so ruch the ™icthods" as the stocking levols that achicved this result.)

At the sane tine they have provided a good continuocus yield.

Using the average size-class distribution of the two Overnature and Defective
cuttings (figurc 2) as a guide a basnl-arca curve represcenting desirable
stocking was drawn, bascd on judgnent and the cvidenco provided by 15- to
20-ycor growth, It is bolieved thot this curve (figure 4) rcprosents o
desircble distribution of size classcs and stocking level immediatoly after
cutting, In figurc 4 desirable stocking is commored with an uncut o0ld-growth
stand based on o tally of 240 acres in the samc vicinity, It will be noted
that the desirable stocking has moro snall trees than the old-growth forest,
This objective cammot be achicved immediately. The curve of desireble
stocking was, in turn, converted into munber of trces and bascl area per

acre (table 4), The desircdle stocking as here set forth is sonevhat
idealized, It will be noted that the resicdual stand conteins no treos over
24 inches d,b.h., as there cppears to be no ccononic justification for
growing trecs to o larger size, In practice this upper dianeter linit noy
vary and there will protebly be an occasional larger tree left, but it sceons
guite unlikcely thet under sustained-yiocld nianagonent trces will be grown to
as large o sizo as they were in the original stand,

Also in actual eopplication there is little likelihood that therc will be
such an cven dinunition in nunbor of trees in diameter classces fron largo
to snall and, of course, there will not be fractional trces unless stand
tables reproscnting severel acres are used, The following rounding off and
sgrouping of number of trees ond basal area should have norc spplication in
preoctice:

Desirable stocking per acre, by sizc groups

D.B.H, Tunber Basal
£roup of area
(inches) trees (sa. ft.)
2~ 4 202 8
5 - 65 16
10 -1 28 22
15 - 19 17 26
20 & up 8 21
Total 320 93

§/ There is no attempt here to compnre the nerits of cven-aged -vs-
uneven~aced nanegenent of northern hordwoods as a peraenent method of
nancgenent,  More edequate tests designed with that particular objective are
necded, cspecially for the large arcas of sccond—growth stands which arc now
growing into nerchantability,

-1] -



BASAL AREA PER ACRE IN SQUARE FEET

o

("]

— OLD-GROW[TH STAND

/ N
/ \\
e § N\
\ N\
—_ DESIRABLE | STAND \
\\\

\

2 4 6 8 10 12 4 16 18 20 22 24 26 28 30 32 34 36

D.B.H. CLASS IN INCHES

Fig. 4- Basal area per acre by D.B.MH. closses of an old-growth stand
compared with a stand having desirable stocking.



Toblo U.- Stocking per ocro of on old-growth stand cormpercd with onc having
cesirable stocking for good contimuous growth

' . ! Desirablo
DuBLEL : . Uncut o0ld ?rowth 1/ : (QiEG?quﬁﬁ. )
1 Number of troes  Basal area  Nunbor of trous ¢ . Busal area
Inches Squcro feet Square fcet
2 (2/) (2/) 118,2) 2.6)
3 (2/) (2/) 53.1) 202.3 2.6) 7.9
(2/) (2f) 31,0) 2.7)
6 13.1) 2.6) 15.3) 3.0)
7 10.6) 58.1 2.8) 14 b 12,0) 65.3 3.2) 15.8
8 8.7) 340) 9.5) 3e3)
9 8.1) 346) 7.9) 345)
11 7.0) 4,6) 6.1) .0)
12 6.2) 34,1 5.lt) 2648 5.5) 28.2 4,3) 21.6
13 6.4) 5¢9) 5.0) 4,6)
1 6.5) 6.9) 4,6) 4.9)
15 548) 7.1) 4.2) 5.1)
16 5.8) 8.1) 3+8) 5.&)
17 5.0) 25.5 7+9) 39.7 3.4) 17.2 5.4) 26,5
18 LoD 8.3) 3.1) 5elt)
19 4.2) 8.3) 2.7) 5s3)
20 3.6) 7.9) 2.3) 3.0)
21 2.9) 1.0) 1.9) .6)
22 2.7) 13,4 7.1) 34,6 1.6) 8.0 L,2) 20,6
2& 2.3) 6.6) 1.2) 3.6)
2 1.9) 6,0) 1.0) 3.2)
25 1,7) 548) |
26 1.3) L.3)
27 1,0) 5.3 4.0) 20.4
28 1) 3.0)
29 .6) 2.8)
30 .5) 205)
31 Ry 2,1)
32 v2) 1,1)
33 .2) 1,6 1.2) 5.9
3 1) .6)
35 .1) .7)
36 .1) o7)
Total 138.0 1kh, 8 321.0 92,4
1/ Bascd on tally of 240 acros,

2/ Not tallicd,
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assuming on cnnual diameter growth of .21, .20, .19, .18, and ,16 inches
respectively for the dirmeter groups given above (bascd on ancther study of
thosc cutting plots), and a roasonable mortality rate among the larger
classcs the stand would, in 10 yoors, grow to a volume somowhat less than is
present in a virgin stand but ono sufficicntly woll stocked to warrant a
substential commercicl cut, Stocking, of courso, should never be allowod
closcly to approach that of o virgin stoand, for to do so will rcduce growth,
It is belicved that o stand liko that ropresontod in tho tabulation will
renein thrifty and if cut at short intervals (say fron 8 to 12 ycars) should
maintain a structurc that will mnko possible good poriodic growth on a con-
tinuous bnsis, In stands wherc tho distributionsl pattern is undosirable
end deficicnccs oxist in one or norec size groups, a period of odjustment will
bec nccossary, During this poriod a variable cutting cyclc may be advisable
or it noy be nccessery to pass up a cut or two., At bost it may require
concentrating the cut in certain d.b.hs groups until better distribution

is ottcined,

Thesc guldes should bc useful cven to the cxpericnced narker. He should
find it worth vhile from tinmc to time to check the residual stocking in
nunber of trocs, basal arcn, and if he wishes, in cquivalent boord-foot
volunc, On the cxperimental forecst ot Dukes, checks orc nade by tellying
occasionel fifth-acre plots as marking progresscs, It should bo renmermbered,
of coursc, in opplying the interinm guides presented here that they were
developed in onc locnlity and arc bascd on only 20 yoars! growth, which is
not a long period in the 1lifc of a stand, They will no doubt be revised and
rcfined as norc deta becone available.

SPECIES COMPOSITION

So far considcration has beoen given only to size-class distribution, It is
showm that following nodcratc partial cutting there is no lack of small
trees: on the contrary they arc abundant, But the question nay be raiscd

as to whether the speeics roprescnted in the reproduction arc those nost
dosircd, It has been recognized for sorictine that light partial cuttings
fovor tolcrant specics to the cxclusion of light demanding ones. In the case
of the forcst under investigation, sugar neple reproducces readily and ycllow
birch, a norc valusble treo, is crowded out by o light sclection type of
cutting, It has been found, however, that yellow birch can be perpetuated
with modcrate sclection cuttings if somc attention is given to creating
snall openings around yollow birch sced troos.g/ Eln and basswood also are
favored by this trcatmont, Roproduction of mixed specics arc aided further
by oxposurc of nincrsl soil through logging during the scrson whon snow is
abscat, Thus, with somc slight modification of the seloction ncthod, a
suitablc nixturce can be naintained,

2/ Zillgitt, W, . and Eyrc, ¥. H., Pecrpetuation of ycllow birch in
Lake Stotos Forests. Jour, For, V. 43: 658-661. 195,
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TIMBER QUALITY

The abundance and kind of reproduction, important though they are, do not
guarantee the formation of a desirable future forest. The quality of the
reproduction must be of such a character that well-formed merchantable trees
will result, What can be expected in this regard under partial cuttings?

This question was recently made the subject of a special study.lQ/ Moderate
cuttings proved to be equal to or better than clear cutting in the mumber

per acro of good trecs, based on their origin (seedling -vs- sprout), position
in stand, condition and form, Only in tho mattcr of clear length was tho
rcproduction slightly inferior to that resulting from heavier cuttings,
probably because of less donsc reproduction stands under sclective cutting,

Tho further quostion may be raiscd as to whether the quality of the troes
will still hold good under selcction cutting as they become older and of
merchantable size, A study made in 194711/ showed that in 15 to 20 yoars
following modcratc sclection cutting there was no falling off in log grados.
But in hcavy cuttings, such as the 12-Inch Dizmeter Limit, there was a
docided decrcasc in quality duc to lowering of crowns through devolopment

ol large branches following cpicormic sprouting, Also there was considercble
die-back in the tops of residual trecs in ihis heavy cutting, with some
mortality as a result, However, many trces have recovercd and dcveloped

now crowns,

Manegoment considerations should by no mcans submorge silviculture in the
application of sclection cutting in northern hardwoods, They should go

hand in hand, In fact, thc condition of the stand couplecd with cconomic
factors such as markets will largely govern what con be donc, The problem

is how to convert decadcnt old-growth to vigorous growing forest, and at

the same tine proscrve an all-sized pattorn of stand structurc, Some tutting
must be done in all merchantable sizec classes becausc in thesc wild, untended
forcsts, defoct and cull cxtend through all classes, Timber marking, there-
fore, rust be approached from the improvement-cut angle, After two or threc
cuttings it should be possible to recduce cull to & relatively small figure,

SUMMARY

The fairly good distribution of sizc (and age) classes in old-growth sugar
nople-ycllow birch forests of the northern part of the Lake States suggosts
that selcction cutting could be successfully applied in their menagenent,
These forosts normally have an excess stocking of large trees and amplc
reproduction, but frequently o shortege of trces in the middlc sizes, 12—

to ld=inch d,b.h, Scrple-plot records of six partial cuttings of various
intonsity, o clear cutting, and a reserve arca, rccords for which extcnd for
nost arcas over 20 ycars, providc a tost of aoplication,

lg/ Zillgitt, W, M, 1950. Quality of rcooproduction following partial
cutting of northern hardwoods, Jour, of For, 48: 324-325,

ll/ Zillgitt, W, M, Log gradc following sclcction cutting in northern
hardwoods, ILake States Forest Experimcent Station Technicel Note No. 285,
1 p., ninco, 1947,
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- Tho 1light cuttings have not brought about vroncr stocking in the middlo
 classcs, although the larger trees have made good growth, The oxtreme
increasc in small trccs in the heavy cuttings has bcon striking, but the
distribution of sizc classcs is undesirable, Thus, the hecavy cuttings have
generated a type of stand more even than uncven—-aged, Growth, largely by
reason of ingrowth of treoes to merchantable size will, no doubt, be high for
sorc time, but size distribution is poor for sustained production from the
samc aroa. Moderately heavy sclection cuttings show up best with rapid growth
and good distribution in all sizes -- an improvenent over that provided by
nature,

On the bnsis of the evidencc vresented by the changes in thesc stands, a
stond toble representing desirable stocking for uncven-aged monagement of
northern hardwoods after cutting has been prepared (table 4). It is belicved
that such a stand, if cut veriodicelly at intervals of & to 12 years, will
maintain o good structurc for contimous yicld of merchantable timber,



