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How should old-growth northern hardwoods be managed so as to create stands
adapted to continuous yield under the selection system? Since these forests
as they occur in the Lake States present an all-aged appearance, it has long
been asgumed that the single-tree selection could be used in their management.
All tree s'izes 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 grO\i, once the overstory was opened up, and ,...hether
.the lUl-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 see \-lhere the second cut is coming from, but where
will you get the third cut?ft This question still romains in the minds of
some foresters.

Twenty-year records, now available for a number of cuttings@1 on the Upper
Peninsula Experimontal Forest, Dukes, Michigan, provide a fairly good answer
to this quostion. In particular they show changes in distribution of diameter
classes, basal area, and board-foot volume, wh:i.ch should be useful in evalu­
ating tho possibilities of the selection system or variations of it in long­
time management.

1/ Maintained at Universi ty Fprm, St. Paul, Hinnesota, in cooperation
-J

With the 'University of Minnesota.
?J AcknOWledgment is made to F..cl}1hael Zon, ,...ho planned most of the

experiments; to A. E. Wacl::erman, E. L~ Nowat, nnd J. R. Neetzel, ,...ho did the
marking and maintained the records during the early years.



The st~4 where the experimental cuttings were carried out is the maple-birch
vo:ria:n.t2J of tho general forost type, commonly called northern hard,.,oods.
Sugar mnpl~ makes up somo 80 percent of the stand by volume and yellow birch
about 15 percent. The remainder includes .American elm, bclsam fir. white
spruce, and oastern hophornbenm (ironwood). Hemlock and boech ~xe absont.
Tho site is good for northern Michigan but not up to that found in pexts of
l'lisconsin nnd southern Michigan. An avorago dominant tree r.as about 2k
l6-foot logs. Defect Was high in this stand before cutting. with cull running
from 25 to nearly 40 percent of gross volume. Net vo~~os before cutting
rn.nged from 8.5 to 10.5 thousand board feet per acre.'!.J Trees up to 300 yOm's
and oldor were present in the stand.

DESCRIPTION AIID TREATMEnT OF STUDY AREAS

Permanent snmple-plot records for seven cutting2/ units and a reserve area
are [':vcllable for this study, five extendi:l".g for 20 yeexs. one for 17. and
one for 15 years.

Erief descriptions of the various plots§! follow:

1. Reserve Area.- No cutting. Sanple plots of 2 acres established in
1927 in a 9-:.:>.Cre unit. Totcl basal aroa in 1927 of 134 squnre feot
per acro (9,290 board foet net). Stand fairly typical of tho other
units before cutting commenced.

2. 22-Inch Diameter Limit Cutting.- A light cutting in which 29 percent
of gross board-foot volume was removed in 1926. Most trees. but not
rill, over 22 inches d.b.h. were cut; also a little improvement cutting
of smaller trees. Four acres of sumple plots established in 1927 in a
19-v.cre cutting unit. Total basal area after cutting, 100 squaro feet
per acre (7,360 board feot net).

3. LiGht Improvement Cutting.- A very light cutting "~th Ollly 24 percent
of gross board-foot volume being removed in 1928. More emphasis on
improving rosiducl stnnd thrm in No.2. One-acre sample plot in an
&-c.ere cutting uni t. Totcl bnsp.J. area niter cutting, 92 square feet
per nero (7,890 board foet net).

~ This is the sugar Dnplo-beech-yellow birch t~~e of the Society, of
American Forest8rs (Forest Cover Types of the Enstern U. S., 3rd Edition,
revised 1940) but is at the oxtreme-westorn edge of the beech range.

ljj Scribner rule used for all computations in this p~er.
~ Ccxriod out under cooperative agreement wi th Cleveln..lld-Cliffs Iron

CorJpany.
§j The names of the vnrious cuttings nre not in cll cnses as

descrintive as desirnble but hnve boen ret['ined as originally assigned in
order to provide cOf~L~ison with other reports denling with the s~e plots.
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4. Hoa.vy Inprovement.- Moderate cutting with 46 porcent of gross board­
foot volume being re~oved in 1925. Two-acre s~le plot established
in an 8-o.cre cutting unit. Totnl basoJ. area C'.iter cutting, 68 square
feet per nare (5,490 board feet net).

5. Over~~ture and Defoctive Cutting No. 2.- A moder~tely hec.vy cutting in
which 59 percent of gross board-foot volume wns renovcd in 1932-33.
Emphasis was on re~oval of defective trees. which left none larger than
22 inchos d.b.h. Ono-acre snnple plot in a 13-ocro cutting unit. Toto~

bc.sal eroa after cutting, 61 square feet por acre (5,500 board feet net).

6. Over~ature and Defective Cutting No. 1.- A modorately hec.vy cutting in
which 62 percent of gross volune wC',s re~oved in 1927-28. Two-nere svnple
plot in a la-acre cutting uni t. Total basal ('.rea after cutting, 55
squnre feet per acre <3.540 board feet net). .

7. 12-Inch Diameter Linit Cutting.- This was e very heavy cutting -­
essentially a cODDercial clear cutting for sawlogs with the removcl
of over 90 percent of the gross sawlog volune. Two acres of snople
plots in n 5-acre cutting uni t. Total basal area left. 26 square feet
per acre (410 board feet net).

8. Clear Cutting.- Evorything cut down to 5 inches d.b.h. Total basal
v.rec. left. 4 squaro feet per acre. Two neres of srnplc plots in n
5-ncro cutting unit.

The gonernl objective in units 2 te 6 was to devise a nothed ef p~rtial

cutting thnt could be used in prolonging the utilizc.tion of old-growth h.."1Xd­
woods and Gradually convorting then into grOWing forests. The purposo was
thus largely econonic. It Was hoped that tho shock of rapid liquidation on
comrunitics dependent on the nl'.JlUiacture ef hardwoods would be lessened if
0. prc.cticcl nethed of selection cutting could be developed and generallY
adoptod. Then there would be a shorter gop bctween the depletion of old­
gro,.,th tinber and the tinc when second growth could roach nerchnntnblo size.

Although there were no opplicc.ble tree classiflcnt10n schooes (asido fron
the doninc."1.co clnssification) c.vcllnble nt the tine the tests were iui tinted,
the treo n~rkers undo definite effort to leave trees of good thrift and low
risk. Nnturnlly. in the heavier selection cuttings the nnrkers could go
further in re~evine trees of poor risk, high cull, and low vigor than in the
very light cuttings.

Units 7 and g wore established prinnrily to provide contrnst with the various
selection cuttings. No attenpt wus rk~e in either of these oporctions to
seloct good trees for retontion in the future stc~d. Instoad these cuttings
were on c. strnight dioneter-linit basis. Although they were not designed
cs 0. test of cvon-need nann,eenent. cuttings 7 o.nd 8 prOVide sono indicntion
of he\{ even-aged condltiona n~ be creutod. This is certainly true ef the
Clenr Cutting (Unit g). and to n lesser extent of tho 12-Inch Diaooter Linit
Cutting (Unit 7).
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The reserve rtTen and units 3 ['.nd 4 above nre on Chl'.thcn loan. All other
plots nre on soil classed as Trenary snndy loan to lonm. Theso soils seon
to be equally good for tinber production.

The bascl Droa figuros given for tho vnrious plots arc for the stand left
after cutting and include all trees for the tot['l stand 2 inches d.b.h. nnd
up. Bofore cutting tho range in total basal area was frau 119 to 143 square
feot per acre (tnble 1). There wn.s rensonable conpnrabili ty between plots
before cutting. After cutting basal areas r::mged froD 4 to 134 square feet
(table 2). DotDiled infornation on stand and stocking innediately after
cutting and 20 years later is given in table 2.

ClWlGES IN NUMBER OF TREES. :BASAL AREA • .AlID VOLUME

In the analysis of stand changes since cutting, particular attention has
been given to size-class distribution. Enphk~is in this paper has been given
to that point rather than to board-foot incronent or to age classes, because
future productivity is In.rgely governed by the proportion of different size
classes. Age is a ouch lcss ioportant considerntion in an uneven-aged forest
than in an oven-aged forest cont~ining short-lived specios. Di~eter does,
of course. rouGhly reflec t age, end the very large and old trees DO\V be nore
defective than suoJ.ler ones. Cull, however, is spren.d throughout the stand.
Sound thrifty troes in excess of 28 inches are occasionally present. Since
sugn.r T.1l.'Ple and yellow birch attain ages in excess of 200 years without
necessarily beconing defective, tho question of age can be ooitted fron the
allcU;y-sis. It is the size-cluss distribution of sound trees tho.t really
no.tters in nant:l.gCI:lent of stands of the typo described here. and Doge is not
a liniting factor.

stand structure as reflected by nuuber of trees innediately niter cutting,
and 20 yenrs hence, has v:u-ied 0. great deal o.ccording to treatnent (figw.'e 1).
The Reserve Ju:en has changed very little. The light pn.rtioJ. cuttings, such
as the 22-Inch Di~lcter Linit and the Light Inorovcnent, have &Dinod in
s~lil1t,?;s, lost in tho 10- to 14-inch group, rmd gained in the lnrger trees.
The ovcrn.:~ture and defective cuttings which loft a sncller growing stock
hnve gtunod considerably in nuDber of trees under 9 inches d.. b.h. und generally
also in larger trees.

Overuuture and Defective Cutting No.1 (Unit 6) gained in all di~~eter
clnsses. The extronely heavy cuttings, such cs tho 12-Inch Dinneter Linit
and the Clero- Cutting hnve T.1MC trenendous gr.ins in sna.ll trees, but con­
siderably Dore tine will be requirod to Got u goodroprcsentn.tion aoong
larGor si~os.
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Tr.blc 1.- ]nsr.l r.ror.. per ncro before cutting on tho vr..rious plots
for trees 1.6 inches d.b.h. nnd up

Basal m'ca before cutting
(by D.B.H. groupsl

Under '
9.6 I 9.6+ 1 Total

inches ' inches ,

Unit

Square feet

1. Reserve • • • • • • • 16 118 134

2. 22-inch di~~eter

1init • • • • · • • 16 116 132

3. LiGht inprovonent • • 17 107 124

4. H.envy inprovcr.:ent · • 14 105 119

5. Overnnture and
defective No. 2 • • 1/ q 127 Y 136.... ,./

6. Overnnture a..'lld
defective No. 1 • • 23 104 127

7. 12-inch di~~oter

1iT.i.it • • • • • • • 17 118 135

8. C1enI" cuttinG • • • • 13 130 143

Y Docs not include trees undor 5 inches d.b.h.
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group

RESERVE

D.B.H.

~ Tabla 2.- Stand IlJld stoak table l1ar ;:;:/~:~;atolY uftcr cutting IlJld 20

r
I
\
\

Inchos

2 - 4
5 - 9

10 - 14
15 - 19
20 - 24
25 - 29

164.0
37.5
24.5
31.5
11.5
6.0

6.55
9.32

19.52
48.13
28.60
22.04

1,153
3,788
2,475
1,874

157.5
40.0
19.0
29.5
15.5
5.5

6.97
11.09
15.27
48.02
34.71
27.72

909
3.900
2,952
2.380

Totcl 134.16 9.290 10.141

22-INCH DIAMETER LIMIT CUTTING !.I

2 - 4
5 - 9

10 - 14
15 - 19
20 - 24
25 - 29

133.0
44.8
27.2
23.8
8.0
1.2

1926
5.42

10.38
21.92
36.82
20.46
4.74

1,51~
3.40b
1.978

462

196.2
61.5
23.5
26.8
14.8
3.5

8.08
14.59
18.63
41.66
37.24
12.95

1,347
4,018
3,784
1,330

Total 238.0 99.74 326.3 133.15 10.479

LIGHT INPROVElOOrr CUTTING

2 - 4
5 - 9

10 - 14
15 - 19
20 - 24
25 - 29

146.0
27.0
16.0
22.0
12.0

6.18 240.0 9.48
5.59 60.0 13.37

14.00 1.075 1~.0 11.19
35.89 3.590 18.0 29.91
30.76 3.225 20.0 52.43

6.0 21.63

827
3.061
5,601
2,321

Total 223.0 92.42 7.890 358.0 138.01 11.810

HEAVY IHPROm.£ENT CUTTING

1928 1948
2 - 4 79.0 3.08 - 305.0 12.35· -
5 - 9 29.5 7.09 - 45.0 10.68 -

10 - 14 20.0 16.~7 1.297 18.5 20.93 1,018
15 - 1~ 17.5 27. 2 2,717 20.5 25·a2 3.252
20 - 2 5.0 11.96 1,260 14.0 34. 4 3,678
25 - 29 .5 2.03 216 2.0 7.15 767

30+- - - - .5 2.57 275

Totcl 151.5 68.55 5,490 405.5 113.44 8,990

!I I7-yoar record on this ~ron.
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Tnblc 2.- Stand nnd stock tublo per aero innediately aftor cutting and 20
yenrs later (Continued)

OVEBMATURE AND DEFECTIVE CUTTING NO. 2

D.E.H. 1932 1947 gj
I ~llJber I IEo~rd feet Nunbor I , Eonrd feetgroup 'of trocs,Easnl oron, (~et) of trces,Basal aroa, (net)

Inches SCi. ft. SCl.ft.
2 - 4 OJ) (¥.) 365.0 13.25
5 - ~ 28.0 .05 75.0 15.55

10 - 1 26.0 19.86 1.558 21.0 18.31 1.560
15 - 1~ 14.0 21.38 2,310 20.0 32.12 a,625
20 - 2 6.0 14.15 1,632 13.0 34.39 .095

Totnl 74.0 61.44 5.500 494.0 113. 62 9.280

OVERMATURE AND DEFECTIVE CU'.t'TING 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 - 14 22.0 16'al 1.053 28.0 21.72 1,646
15 - 1~ 12.5 13. 8 1,686 13.5 2~.47 2,958
20 - 2 3.5 8.14 SOl 9.5 2 .05 2,538
25 - 29 1.0 3.56 378

Totru. 190.5 55.09 3,540 427.0 110.06 7.520

12-INCH DI~U{ETER 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 15.56 410 29.0 21.72 950
15 - 19 16.0 23.40 2.098

Totnl 115.5 25.66 410 979.5 93. 64 3.048

CLEAR CUTTING
1927 I 1947

,.., 4 20.5 .95 1.224.0 48.65c.:. -

5 - ~ 12,0 2.61 78.0 14.3a
10 - 1 10.0 6.9 334
15 - 19 .5 .61 55

Tot.:..l 30 h 3.56 1.312.5 70.53 389'..• J

Y 15-yonr record on this ~on.

lJ No trees under 5 inches d.b.h. tulliod in this ncnsurenent.

- 7 -



~.

160

140

120

100

80

60

40

20

160

140

120
W

1000::
0

80«
60

0::
40W

a..
20

Cf)

w
w 180
0::
t- 160

140
LL.
0 120

0::
100

W 80
CD
~ 60
:::>
Z 40

20

180

160

140

120

100

80

60

40

20

I I
852 1224

\. 12 INCH \ CLFJl R CUTTING
"- \. DIAMETER LIMIT \"-

"-
" \

"""'- \--- --- r---
2-4 5-9 10-14 15-19 2-4 5-9 10-14 15-19

365 282

\ \
\, \

"\ OVERMATURE
\

\ OVER MATURE8 DEFECTIVE \ 8 DEFECTIVE

'\ NO.2 \ \. NO. I,
---~ \

~-
'-. -:-- --I-~-- --r--

2-4 5-9 10-14 15-19 20-24 2-4 5-9 10-14 15-19 20-24 25-29
240 305,

~

\
\ \ \
\ \ \

\ \
, \

LIGHT
r'-,

HEAVY
\ '\.. IMPROVEMENT \ IMPROVEMENT,

~

--" '-~
- --~ ---~--

2-4 5-9 10-14 15-19 20-24 25-29 24 5'9 10-14 15-19 20-24 25-29
\

\
~, \
'\ \
\ \\
\ \\
\ \ \

RESERVE \ 22 INCH

\ ~~ DIAMETER LIMIT

~- -~~ "--..:::::
~ --'"':::~

10-14 15-19 20-24 25-295-9 10-14 15-19 20-24 25-29 2-4 5-9

D. B. H. GROUP (INCHES)
----- Immediately after cuttin\l 20 years later

Fi\lure 1- Number of trees per acre by D. B. H. \lraups immediately after cuttin\l and

20 years later on different cullin\ls.



Tho ch..-mgos in stand structure cnn porhnps bo bettor opprecit1ted by studying
bascl l'.I'oa chc.~es (fieure 2 EJ.nu table 3). The lieht cuttings have not
sti;lU1~ted l!Uch growth in the niddle dionetor classes, nlthough the lnrger
troes have continucd to novo into still larger ones. Tho extrcrJe increnso
in Slk~l trees resulting fron the heavy cuttings is striking, but the Inrger
trees are poorly represented nnd will be for a long tine. Growth Will, no
doubt, be coupcrntivelJ? rt1.pid for sonotine to cono in the heavy cuttings as
ingrowth bocoHos noro pro;:louncod, but thero nrc no large trees nnd thus this
typo of cutting is not woll suited to sustained production under uneven-l:l(;ed
nDon..-"-ee~Jent. InsteD.d. the very henvy cuttings eonernte a type of stnnd nore
even than uneven-need. Overnnture and Defective Cutting No.1 (Unit 6)
shows npprecinble bn.soJ. area increnent in oJ.l size classes. Tho Overrlnture
and Defective No.2 cutting (Unit 5) has Do sinill\l' po.tter::'l in this respect,
exc~pt for the 10- to 14-inch group. Howevcr, tho exccption..-~ increnent in
the noxt smuler eroup should iron out this discrepnncy nt un ecrly date.
The two Overnnture and Defective Cuttings, t~en together, hnve developed
a distribution of size cIneses that appenrs likely to continue to produce
;Jcrch~"1tn.ble tinber without cr.y serious Inpsus. This point will be a71plificd
further on in the pq>er.

Stn...'rld chr'-'rlees ~ ciso be nppraised i::'l ter!:ls of bocrd feet (fie;ure 3). It
is evident thnt the light cuttines (the 22-inch Di~Jeter Lioit and both the
Light n..'rld HeaVj" Ir:;provencnt Cuttings), nlthough they hnve nD.d.e eood e;:t outh
in the larGer dinneters have lost in the 10- to llt-ineh eroups -- the criticoJ.
point in stand structure in northern hardwoods in this locclity. There is
likelihood, however, of sone future it~rovenent in this respect bocnuso of
e;rowth in the 5- to 9-inch group (fign.re 2) but not ns nuch i;:tprovenent as
in the two Overnnture and Defective Cuttir..gs.

The Overnnture n..'rld Defective Cuttines hnve unde excellent bonrd-foot
increnent -- Ne. 2 (Unit 5) the best of ~~ cuttine. No.1, (Unit 6) however,
seens to have n better distribution of this Growth. These stands nre still
ero\'line r~idly and have not yet re~hed Do point Where another cut is needed
to stiT-n.unte [:,To'\-'th. The Clear CuttinG is just be£i:mine to show bonrd-foot
incronent, but the 12-inch Dinocter Linit is now doinc well. It will, no
doubt, continue to do so for sOne tino to cone. However, too grent e pro­
portion of the stv..nd is in sucll dic.":1Cters to represent rmch qual:: ty increr.1Cnt.

WHAT ISDESIR1illLE GROWING STOCK?

The question of how lTUeh erO\n1lG stock to hold nrld how it should be distri­
buted nr.1on?:: size clL'.sses is ['.11 inportnnt one for the !lnn~er of II trn.ct of
northern hnrd\-loods~ The tern "desirable e;ro\-liI1tj stock" ns hero used nny be
defined us that stocking which will result in sntisfllctory increDcnt of
hieh-quality :lntcrinl for II Given cuttinG cycle and n size-clnss distribution
that \lill insure continuous yield. In en ol.'Xlier pllpor11 it was. shown thnt

11 Zilleitt , W. M. 1948. Stockine in northern h~dwoods under the
selective systen. ProceedinGS, Socioty of .~erican Foresters' neetine, 1947.
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Trbl0 3.- Growth nnd 10ssos in basnl aroa por nero by d.b.h. eroups durine 2e-yenr period follo~nng

cut tine, bnscd on stand present iLTIledintelY niter cuttinG

,
D.B.H. cr01:9? I

I 2 to 9 I 10 to 14 I 15 to 19 I 20 inches t TotnJ.

Unit I inches I inches I inches I Mct up 11
I Averrtfje ' '.i\.vornce ' 'Avornge I m I Avoro.ge' For I Average

Total I nnnual I Total I annu[',l I TotoJ. I an..'1unl I ... otoJ. I :mmw.l I period I c.nnunJ..

Squnre fect

1. rtescrve nren • • • • • 2.19 .11 -4.25 -.21 -0.11 -.01 11.79 .59 9.62 .48

2. 22-inch diN~etcr

lini t y . . . . . . 6.f!>7 .40 -3.29 -.19 4.84 .28 24.99 1.47 33. 41 1.96

3. Lic;llt iuproveT.icnt · . 11.03 .55 -2.81 -.14 -5.98 -·30 43.30 2,17 45,59 2.28
\.0

12.86 .64 3.96 44.894. Hea.vy inprover.1Cnt · . .20 -2.10 -.11 30.17 1.51 2.24

5. Ovcrr.mture nnd
defective No. 2 ~ .2/22.75 1.52 -1.55 -.10 10.74 .72 20.24 1.35 52.18 3.48

6. Overnnturo C'.nd
clofective No. 1 · . 19.10 .96 5.41 .27 10.99 .55 19.47 .97 54.97 2.75

7. 12-inch dir',netor
li~it •••••••• 38.42 1.92 6.16 ,31 23. 40 1.17 - - 67,98 3. 40

8. C1enr cutting • • • • 59. 42 2.97 6.94 .35 0.61 .03 - - 66.97 3.35

Y 17-yenr record on this nron.
g; 15-yenr record on this nroa.
JJ No trees UL~dor 5 inches d.b.h. tn11iect niter cutti~~.
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an old-growth stand cut back to 64 square feet of basal area for trees 10
inches d.b.h. and up resulted in greater l5-year 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.

]ut 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 trees of high quality would be produced. Unfortunately
managoment is not that simple.

One difficulty is that all trees in the stand aro not good trees. Keop in
mind that old-growth northern hardwoods contain from 25 to 40 percent defect
due to rot and other causes. Rot does not wait until a tree is 22 inches
d.b.h., but may start even in small trees g to 10 inches d.b.h., and it
increases with age.

In order to keep a selection forest in a growing and healtl'Y condition. it
is necessary to dip dO\in into the smaller d.b.h. classes every time a cut
is made and take out inferior trees or those of high risk. If there is a
market only for sa\,logs such improvement cuttings may not go lower than trees
of 12 to 14 inches d.b.h. If tic cuts and mine timbers can be sold, trees
as small as 10 or 11 inches d.b.h. can be removed, and if a market exists for
chemical wOod or fuelwood, trees down to 5 or 6 inches d.b.h. can be taken
out with little or no expense. All this means that there DUst be some
silviculture applied \nth management and the better the market tho more
intensive this may be.

But no matter how small the trees that como out in &1 improvement cutting,
it is still the large t~ees of good form and quality thnt provide the profit.
To make sure that the sta~d produces them there must be a sufficient number
of well-formed trees of small and medium size always preseat and ready to
grow into larger diameters.

Hov many trees should thero be in the various diameter classes to achieve
this objective? The evidence in case histories of stand development pre­
sented on ,revious pages provide somo clues. The 22-Inch Diameter Limit
and the Light Improvement Cuttings (Units 2 and 3) do not give the answer
because the leaving of such a heav~r stocking in large trees die. not permi t
develaoment of a suitable number of middle diameter classes needed for
continued production. However, board-foot increment has been good so for
~nd thus has all been on large treos. The Heavy Improvoment Cutting which
left n lighter growing stock gave somewhat better distributio~. The l2-Inch
DiwJetcr Limit nnd the Clear Cutti~g (Units 7 r~d 8) for which the residual
st~nd was very light will yrob~bly develop into even-aged st<:~ds or some­
thing approaching them. These two cuttings look us though they 'Iould in time
mclce good stands. As they grow into poles thoy may be moro de~sc thnn stands
developed under uneven-aged conditions, so should produce cloen timber. But
there n~ be more need for thi:1lling ~s a special operation to maintain good
grovth th~n in the selcctioa stnnds where marc stocking is held in larger

- 10 -
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diooeters. At present thero is littlo or no snlo eonornlly in tho Lako
States for sncll thinni~ De.terial fran hardwoods, but om-kets D~ develop
in tho futuro, Tho stc.nds grown under Oloar Cutting (Unit S) or n hoavy
pnrtinl cut tine such as l2..Ineh Dioneter Lin! t (Unit 7), sho\-! no indication
as yet of developing a distribution of sizo classos neoded for repoated
selective cuts, Instead tho distribution, as night be expected, is_~oss

desirable for unevon-aced T.1nnneonont than is the old-erowth forost,~

The Overnnture and Defective Cuttines (Units 5 and 6) which ~istributed the
cut anone all sizes nnd recluced the erowine stock to nbout 60 square feet
of ba.snl urea. not only hnve not upset the fairly good stand structure pro­
viced by nature. but they decidedly inproved it by bringing in clnsses not
woll represented in old growth. (It should bo or~~~sized thnt it is not
SO nuch the "nothods" as the stockine; levels thnt achievecl this result.)
At the SNle tine they have provided a good continuous yield.

Usinr; the e.vern.ge size-clnss distribution of the two Overl1e.ture end Defective
cuttings (fieure 2) as a guide n basnl-nrea curve representing desirable
stockinc wns drnwn, basad on judeoent and the evidence provided by 15- to
20-year Growth. It is believod the.t this curvo (ficure 4) represents n
dosir~ble distribution of size classes and stockine; level itlnediatoly after
cuttine, In fiGure 4 clcsirable stocking is cO!JPc.rod with an uncut old-erowth
stand 0~sed on a te.lly of 240 acres in the sro.1e vicinity, It will be noted
tlk~t the desirnble stockinG has nero snall trees tlk~ the old-growth forest.
This objective cc~_~ot bo achieved i;YI0dintely. The curve of desire.ble
stockil1{; was, in turn, converted into nUi'J0er of trees nne. casel. nre[\. per
ncre (tn1Jle 4). The dosirnble stockinc as here set forth is sO:-lewhat
idenlizecl. It will be notec.. that the residual stand contr'ins no trees over
24 inchos d.b.h•• as there npponrs to be no ecenonic justification for
growinc trees to e. larger size. In prnctice this upper dirneter linit nv~

vnry nnd thore will probe.bly be nn occnsional larger tree left, but it seens
qui te unlik0ly th<"t undor sustained-yield nmm.,::;oT.1ent troes \1111 be crown to
e.s large e. size as they were in tho orieinal stnnd.

Also in nctunl e.pplication there is little likelihood th~t there will be
such an even di~unition in nUIlbor of trees in ~ioneter classes fron larGe
to s~nll anQ, of course, there will not be frnctional trees unless stand
tnbles represcnting severru. n.cres are usee.. The followint-; round.ine off end
f..':roupine of nunber of trees l'.-"ld onsol area should have nore ~:plict:'.tion in
pre.ctice:

Desirable stockine por acre, by size eroups

D.E.H. 1'unber Basal
r;roup of area

(inches) trees (sq. ft.)

2 - 4 202 S

5 - ~ 65 16
10 - 1 28 22
15 - 19 17 26
20 & up g 21--TotnJ. 320 93

'§j Thero is no ntte:'lpt here to cO;.1pf'Xe the ncri ts of even-need -vs­
unevon-n.:::cc. :-.:.n..~<'.Cc~_,ent of northern hnr\.:'wooc:'s as ~ per:-.1n.Ilent :-.1Cthod ef
L1anq~cT.1e:lt. More &lequnte tents ctcsicncd \-/ith that particular objcctive &.1'e
needed., espccicll;; for the Inree nrons of second-erowth stnncls ,...h1ch are now
erowine into ncrchanta.bility.

- 11 -
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~ssumi~g ~ ~unl dinmeter growth of .21, .20••19••18, ~~ .16 inches
respoctively for the dinmotor gTOupS given above (based on another study of
those cutting plots). end a roasonab1e mertnlity rato omong the largor
classes the stand would. in 10 yonrs. grow to a vo1umo somowhat loss than is
present in a virgin stand but ono sufficiently well stocked to warrant a
substrultinl cornmercicl cut, Stocking. of courso, should never bo al10wod
closoly to nlJPronch that of a virgin stand. for to do so will reduco growth.
It is believed that n stand liko thnt rcoresentod in tho tabulation will
reElD.in thrifty n~ld if cut at short inte~nls (sl\Y fron g to 12 years) should
mmntcill a structure that \'ri11 mnko possiblo good poriodic growth on a con­
tinuous b~sis. In st~~ds where the distributio~~~pattorn is undosirab1e
nnd deficiences exist in one or noro size groups, R poriod of ndjustElent will
be necessnry. During this poriod a variable cutting cycle mny be ndvisab1e
or it n<\V be necessnxy to pass up n. cut or two. At bost it L1~ require
concontrnting tho cut in certtun d.b.h. groups until bottor distribution
is c.ttdnod.

These guides should be useful evon to the experienced narker. He should
find it worth \!hi1e fron tine to time to cheCk the residu~~ stocking in
nWlber of trees, bnsnl ['.'ren., and if ho wishes, in equivcient bo<'.Xd-foot
volune. On the eA."periElentnl forest f'.t Dukes, checks nre nnde by tcl1ying
occc.sionD.1 fifth-nere plots ns marking proGTesses. It should be renenbered,
of course, in npplying the interin guides presented here thnt they were
dove1oped in one loonli ty and nrc bnsed on only 20 yenrs I growth, which is
not a long period in tho life of n stn."1d. They lnI1 no doubt be revised and
refined as nore dnta becooe available.

SPECIES COMPOSITION

So far consideration has been given only to size-class distribution. It is
shO\m thc.t following nodernte po.rticl cutting thero is no IMk of snoJ.1
trees; on the contrary.they are abundc.nt. But the question nl\Y be raised
as to whether the species represented in the reproduction ore those nost
dosired. It has beon reco£Ldzed for sonetino that light partial cuttings
f['.vor tolernnt species to the exclusion of liGht dennnding ones. In the case
of the forest under investigntion, sugar nnple reproduces rendily and yellow
birch, a nore vclUk~ble tree, is crowded out by a light selection typo of
cutting. It hes been fO\L~d, however. thnt yellow birch cen be perpetuatod
with nodernte selection cuttings if sane attention is given to crec.ting
snnll openings around yellow birch seed trees.21 Eln and basswood also are
fnvorod by this troatnent. Reproduction of nixod species are aided further
by exposure of ninercl soil through loggine during the ser-,son whon snow is
abse~t. Thus, with somo slight nodificntion of the selection nethod, a
suitable nixture can be nnintn1nod.

2/ Zillgitt, li. i-i. n..."1d Eyre, F. H. Perpetua.tion of yellow birch in
Lnke St['.tes Forests. Jour. For. V. 43: 658-661. 1945.
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TIMBER Q,U,ALITY

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.!Q/ Moderate
cuttings proved to be equal to or better than clear cutting in tho number
per acro of good trees, based on their origin (seedling -vs- sprout), position
in stand, condition and form. Only in the matter of clear length was tho
reproduction slightly inferior to that resulting from heavier cuttings,
probably because of less dense reproduction stands under selective cutting.

The further quostion mny be raised as to whether the quality of the troes
will still hold good under solection cutti~ as they become older and of
merchantable size. A study mado in 194tW showod that in 15 to 20 yoars
follOWing moderate selection cutting thero was no falling off in log grados.
But in heavy cuttings, such as tho 12-Inch DiC'llleter Limit, thero was a
decided decrease in quality due to lowering of crowns through development
of large branches fo1101,ling o::;>icormic sprouting. JUSO there was considernble
die-back in the tops of residuDJ. trees in this henvy cutting, with some
mortnJ.i t~r as a result. HO\-lOver, many trees have recovered nnd developed
now crowns.

Manngoment considerations should by no menns submerge silviculture in the
application of selection cutting in northorn hardwoods. They should go
ho.nd in hand. In fact, the condition of the stand coupled \"lith economic
factors such as markets will largely govern what can be done. The problem
is hO\-1 to convert decadent old-growth to vigorous growing forest, and at
the same tine prosorve an all-sizod pattorn of stand structure. Somo butting
must bo done in DJ.1 Derchantab1e size classes because in these 'dId, untonded
forests, defect and cull extend through all classes. Timber marking, there­
fore, must be npproachod from the ioprovenent-cut angle. After two or three
cuttings it should be possible to reduco cull to a relatively snaIl figure.

SUmL\RY

Tho fairly good distribution of size (and nge) classes in old-growth sugar
mnplc-yellow birch forests of tho northern p~·t of the Lruce states suggosts
that solection cutting could be successfully appliod in thoir mnnngonent.
These forests nornally have an excoss stocking of largo troes and amplo
reproduction, but froquontly a shortnge of troos in the niddle sizos, 12-
to l4-inch d. b.h. S~le-plot rocords of six partial cuttings of various
intonsity, a cloer cutting, cnd a roserve aroa, rocords for which extend for
nost areas over 20 yoars, provide a test of application.

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

!!/ Zillgitt, W. M. Log grade following selection cuttil~ in northern
hardwoods. Lako states Forest Exporinent Station Technical Note No. 285,
1 p., minoo. 1947.
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Tho light cuttings havo not brought about propor stocking in the midd10
classes, although the larger trees h~ve mnde eood growth. The extreme
increase in small trees in the heavy cuttings has been striking, but the
distribution of size classes is undcsirab1e. Thus, the heavy cuttings have
generntcd a type of stand morc even than uneven-aged. Growth, largely by
reason of ingrowth of trees to merchantable size will, no doubt, be high for
sone time, but size distribution is poor for sustained production from the
same area. Moderately heavy selection 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 evidence presented by the changes in these stands, a
stnnd. table representing desirable stocking for unevon-Deed mnnngemont of
northorn hardwoods niter cutting has been prcpr~ed (table 4). It is believed
that such a star-d, if cut periodically at intervnls of 8 to 12 years, will
maintain n good structure for continuous yield of mcrchantab1e timber.
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